
Copy Right ©KY Publications  
Journal of Advanced Studies in Agricultural, Biological and 
Environmental Sciences (JABE) 

A Peer Reviewed & Refereed, International Open Access Journal 
www.jabe.in                              Vol.2.Issue.1.2015, E-ISSN:2394-2606 

25 

Research  Article 
 

Dr Samuel Omorovie Akporido et al 

FRACTIONATION OF SELECTED TRACE  METALS IN SOIL OF AN AUTO-MECHANIC 

VILLAGE IN EFFURUN, DELTA STATE, NIGERIA 

Dr Samuel Omorovie Akporido1* , Dr Onoriode Onos Emoyan2,  

Dr Patience Odafe Agbaire3, Cordelia Ese Imah4 
1,2 3 & 4Department of Chemistry,Delta State University, Abraka, Delta State, Nigeria. 

 

 

 

 

 

 

 

 

 

 

 

 

Article History 

Received on:18-02-2015 

Revised on:15-03-2014 

Accepted on:28-03-2014 

 

  

 

ABSTRACT 

The impact of Auto-mechanic villages on the surrounding environment 

especially in areas where proper environmental disposal procedures for wastes 

are not adhered to can be devastating. Soil samples taken from the vicinity and 

areas surrounding the the Warri/Effurun, Nigeria auto-mechanic village were 

analyzed for soil pH and total metal  (Cu, Pb, Ni and Cd). Trace metal were 

determined by flame atomic absorption spectrometry after appropriate sodium 

carbonate fussiun  and digestion. Important results are, Cu (102±18 mgkg-1), 

Pb (68.5±9.9 mgkg-1), Ni (121±51 mgkg-1), Cd (35±10 mgkg-1), pH (6.40±0.58). 

The concentrations of the metal in some of the sites were found to exceed 

most of the guideline values used. The concentrations of Cd in all the sites 

exceeded all guideline values. Sequential extraction of metals showed that 58% 

of the concentration of Cd is in the non-residual geochemical phases which 

showed that Cd is an important pollutant in the study area and a high level of 

anthropogenic input of the metal. The use of contamination/pollution index to 

ascertain the pollution status also revealed that three of the trace metals (Cu, 

Ni and Cd) put the study area in the pollution category with respect to the 

three metals. The soil environment around the mechanic village can thus be 

said to be polluted with respect to the three metals (Cu, Ni and Cd).  

Key words: Auto-mechanic village; wastes; sodium carbonate fussiun;  
guideline values; soil environment; sequential extraction; non-residual 
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INTRODUCTION 

The use of automobiles such as cars, buses, trailers, lorries, motorcycles, etc, imposes certain loads in form of 

pollutants on the soil, water, sediment, air and biota of the environment.  Among pollutants that can enter the 

environment are carbon monoxide, sulphur dioxide from the exhaust of automobiles into the air, 

hydrocarbons and heavy metals from used lubricating oils, petroleum products and crude oil spilled into soils 

and water.  Heavy metals and hydrocarbons (especially PAH) falls into the groups of pollutants that are directly 

harmful to man and other higher animals.  Polycyclic Aromatic hydrocarbons (PAH) have been implicated as 

human and animal carcinogen [1, 2].  Heavy metals have toxic effects on man and this toxicity is enhanced 

because metals can bio-accumulate in the tissues of humans, animals and fish with this factor making the 

concentrations that reaches man from the food chain to be very high.  Catastrophic episodes of metal 

poisoning have in fact been recorded involving mercury, lead, cadmium and arsenic [3]..  Effect of individual 

heavy metals on man and animals are well documented [3, 4]. Other general effect of heavy metals and other 
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pollutants such as petroleum hydrocarbons if they are present in high quantity include depletion of potable 

water, depletion of arable land, damage and loss of biodiversity [5 – 10] Industrialization and Urbanization are 

two important sources of heavy metals in the environment [3, 11 – 15]  Sources of heavy metals are also well 

documented by Forstner  and Whitman [3] and Nriagu and Porcyna [16] 

The quantification of heavy metals and other pollutants in water, soil, sediment and biota and metal speciation 

in soils of the Niger Delta have also been undertaken extensively [17 – 31]. 

An Auto-mechanic village is where repair of various types of auto-mobiles are carried out. It consist of many 

automobile repair workshops  The contribution of an Auto-mechanic village to environmental load of 

pollutants (especially heavy metals) is derived mainly from the spilling and dumping of used lubricating oils, 

fuel (gasoline and diesel), used motor batteries and metal scraps.  The Warri/Effurun Auto-mechanic village 

which is actually located in Effurun town (Warri and Effurun are twin towns) has a high volume of activities and 

method of disposal of waste as at the time of this research work cannot be rated to conform to standard 

environmental protection safety measures.  The soil land use in this area includes agriculture (crop farming) 

and commerce. The few crops grown in the area includes Yam (Dioscorea sp.), Tomatoes (Solanum 

lycoperscium), cassava (Manihot esculanta),maize (Zea mays) and fluted pumpkin (Telfera occidentals). 

Swamps are also found in the area with very small streams from which fishing also takes place.  The need for 

regular environmental auditing of the area cannot be overstressed. The hypotensis to be tested here is that 

area where there is indiscriminate dumping of waste material such as used lubricating oil, petroleum products 

should have enhanced concentration of heavy metals in soil, water and other matrices in the area. The study 

examined the effect of dumping of waste such as used lubricating oil and petroleum product (e.g. gasoline 

anddiesel) on the soil in the area by determining the concentration of four trace heavy metals (Cd, Ni, Pb and 

Cu) and pH of the soil in the area.    

Speciation studies of the heavy metals were also undertaken by sequential extraction of metals from the soil 

to determine mainly the extent of anthropogenic input of these metals into the environment. 

MATERIALS AND METHOD 

Description of Study Area:  

The Warri/Effurun Auto-Mechanic village consist of many Auto-mechanic workshops and is located to the 

northwest of Warri and Effurun twin towns on the road from Warri to Sapele (Fig. I: Map of Study Area 

showing the mechanic village and the sampling sites). 

Design of Study and Collection/Preservation of Samples 

Samples were collected from five points separated by 500 m successively from each other starting from the 

mechanic village itself, outwards. Soil samples were collected twice in every season (i.e. once in each quarter 

of the year) for three years (three dry and three rainy seasons respectively) from November 2003 to July 2006. 

The sampling design consisted of delimiting in every sampling station a sampling area of 30m x 30m. This 

sampling area was then divided into 100 grid plots of 3m x 3m area. Thus thirty three grid plots were randomly 

selected from these plots, three replicates of pre-determined quadrates were established, and soil samples 

were taken from each. Samples were manually taken at 0 – 15 cm (surface) and 15 – 30 cm (subsurface). Grab 

samples collected at the surface and subsurface separately from the thirty three grid plots were mixed 

together in well labelled polyethylene bags to obtain one surface and one subsurface composite sample 

respectively. The method for extracting the soil from the surface and subsurface depths involve digging to the 

required depth and exposing a flat, vertical surface from which the samples were withdrawn using a plastic 

shovel.  The soil samples were immediately taken to the laboratory where they were oven-dried at 80 
0
C for 2 

hrs.  Soil samples were collected for pH and the trace heavy metals (copper, Lead, Nickel, and Cadmium). 
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Fig. 1: map of study showing the Mechanic Village and the Sampling sites 

Analytical Procedures 

The parameters analyzed for are pH, copper, Lead, Nickel and Cadmium. 

pH of Soil:  This was carried out according to procedure by Folsom et al, [32], 5 g of oven-dried soil was 

weighed into a 100 ml beaker and 10 ml of distilled water was added and stirred to mix properly and allowed 

to stand for 5 mins. The pH meter electrode was dipped below the supernatant liquid above the settled soil. 

 

Heavy Metals:  Digestion of soil was done by the method of sodium carbonate fussion as describe in manual 

by Allens [33].  The concentration of metal in digest was determined by flame atomic absorption 

spectrophotometric method. The digest solution from the carbonate fussiun was filtered and subsequently 

analyzed using atomic absorption spectrophotometer (Perkin Elmer AA200) [33]. The Spetrophotometer was 

earlier calibrated with standard solutions of the four trace metals. A quality assurance programme was also 

put in place which involved analysis of blanks and duplicates. and determination of % recovery of the four 

metals.  Average percentage recoveries of five determinations of each metal are,  Cu (91.7±7.7 %), Pb 

(92.5±5.6 %), Ni (98±3.7 %),  and Cd (94.6±6.5 %).  This shows that the method for the determination of the 

metals in this study is a good one. 

Sequential extraction of metals from soil:  this was carried out with the method by Tessier and Campbell [34] 

in which five geochemical phases of metals i.e. Exchangeable, carbonate-bound Ferrous-manganese-bound; 

organic matter-bound and residual were extracted with appropriate reagents.  

Calculation of contamination/pollution index: 

The contamination/pollution (C/P) index for each metal in each sampling station was also calculated based on 

the mean value of each metal in each station for four seasons using the equation: 
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The tolerable level of metal in sediment was taken to be the target value of the metal in the Environmental 

Guidelines and Standards for the petroleum industry in Nigeria (EGASPIN) [35]. 

 
The results are given in Table 7 . The pollution (or contamination) status of the metals in the sampling stations 

are given the significance of interval of C/p Index in Table 8 [36]. 

The mobility factor which is an index of the bioavailability of trace metal ions can be calculated as follows [37]: 

Mobility factor =   

Where: 

F1 = Exchangeable fraction 

F2 = Carbonate bound fraction 

F3 = Ferrous-manganese bound fraction 

F4 = Organic matter bound Fraction 

F5 = Residual fraction 

Statistical packages and procedures employed: 

The means of the concentrations of four trace heavy metal and pH in the six seasons were compared using 

analysis of variance (ANOVA – single factor) from Microsoft excel (2007 version). The means of the 

concentrations of the four trace heavy metals in the five sites were also compared using analysis of variance 

(ANOVA- single factor) from Microsoft excel (2007 version). The means of the concentrations of the four trace 

heavy metals and pH in the study are were also compared with the means of the corresponding parameters in 

the control area using t-test (two sample, assuming equal variances) from Microsoft excel (2007 version). The 

Pearson 2-tailed test was used for the correlation of the values of four trace heavy metals within the Statistic 

Package for the Social Sciences (SPSS) (version 17) (SPSS, Chicago).  

RESULTS AND DISCUSSION 

A comparison of the means of the levels of the four trace metals in the study area with the means of the 

corresponding parameter in the control area using a t-test (two sample, assuming equal variances) showed 

that there is a significant difference between the average concentration of the four metals in the study area 

soil and the control area soil (Table 1). A comparison of the average concentration of metals in the five sites 

(Table 1) using analysis of variance showed that there is no significant difference in the concentration of the 

four metals in the five sites (ANOVA-single factor). A comparison of the concentration of the four metals in the 

six seasons (Table 2) using Analysis of variance using (ANOVA-single factor) also showed that there is no 

significant difference in the six seasons.   

Table 3 gives a comparison of the average concentration of the four metals and pH in each site with the 

Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health for different land uses 

(Agricultural, Residential/parkland, commercial and Industrial Land uses) [38].  It showed that the average 

concentration of copper in the five sites exceeded guideline values for Agricultural and Residential/parkland 

Land Uses.  While average values of Cu  for Sites II to Site far exceeded all guideline values for all land uses.  

Average values of lead in site II (70.1±8.9 mg/kg), site III (70.6±12 mg/kg) and site IV (75.0±7.2 mg/kg) 

exceeded guideline values for Agricultural land use (70 mg/kg). Average value of Ni in site I (154 + 20 mg/kg), 

site III (158 + 7.1 mg/kg) and site IV (159 + 7.5 mg/kg) exceeded guideline values for all the land uses i.e. 

Agricultural (50 mg/kg). Residential/Parkland (50 mg/kg). Commercial (50 mg/kg) and industrial (50 mg/kg) 

land uses.  The average concentration of Cd in all the sites I (35 + 12 mg/kg), II (22.6 + 5.9 mg/kg), III (31.6 + 3.9 

mg/kg), IV (43.2 + 7.6 mg/kg) and V (41.1 + 4.0 mg/kg) exceeded guideline values for all four land uses i.e. 

Agricultural (1.4 mg/kg), Residential/Parkland (10 mg/kg), Commercial (22 mg/kg) and Industrial (22 mg/kg) 
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land uses. It appears that the soil of the study area is highly polluted with these trace metals. Comparing the 

average concentrations of the metals with soil guideline values (SGVs) for land uses is the best way to assess 

the pollution effect of each trace metal. According to Environment Agency [39] Soil guideline values (SGV) are 

‘trigger values’ for screening – out low risk area of land contamination and they give an indication of 

representative average levels of chemicals in soil below which long-term health risk are likely to be minimal 

[39]. Although the study area showed high concentrations of these trace metals, it cannot be immediately 

concluded that the area is polluted to the extent of remediation being necessary. Speciation studies were 

carried out so as to know the propotion of each total metal in the non-residual a(bio-available) geochemical 

phases.  This will enable conclusion to be drawn on the vulnerability of the area to human health risk 

associated with these trace metals.  Average value of pH for Site II (5.89 + 0.41 mg/kg) is lower than the pH 

range for all land uses (6 to 8).   

Table 4 gives a comparison of average concentration of each metal in the study area with three other soil 

quality guidelines of other countries i.e. for Norway. Netherland (action level) and Switzerland and two soil 

quality guideline in use in Nigeria, they are guideline value for SPDC Ltd. (Shell Petroleum Development 

Company Limited) EIA (Environmental impact Assessment) process guidelines [40] and EGASPIN 

(Environmental guidelines and Standards for the Petroleum Industry in Nigeria) [35].  The average value of Cd 

for all five sites exceeded guideline values of Norway (1.00 mg/kg), Netherland (action level) (12.0 mg/kg), 

Switzerland guide value (0.8 mg/kg), SPDC Ltd EIA process guideline (0.70 – 3.00 mgkg
-1

), EGASPIN Target value 

(0.80 mgkg
-1

), EGASPIN Intervention value (12.0 mgkg
-1

). The fact that the average values of Cd in the five sites 

exceeded the Intervention values of EGASPIN shows the seriousness of Cd pollution in the study area. EGASPIN 

Intervention values “indicate the quality for which the functionality of soil for human, animal and plant life are, 

or threatened with being seriously impaired. Concentrations in excess of the intervention values correspond to 

serious contamination” [35]. 
   

The average concentrations of the remaining three metals in some of sites 

studied also exceeded corresponding metal guideline values of the five other guidelines.  This comparisons has 

also confirmed that there are elevated concentrations of the four trace heavy metals in the study area.   

Results of sequential extraction experiment (speciation studies) of the metals in the soil of study area are given 

in Table 5. The results are given for each metal as follows: 

Copper: The bio-available (non-residual) fraction constitutes 33.5 % of the total concentration of copper. The 

order of the concentrations in the five fractions is: Residual fraction > organic matter-bound > Fe – Mn oxide – 

bound > carbonate – bound >exchangeable. This order is to some extent in agreement with the order 

observed by most workers in which copper is known to be associated mainly with the organic matter-bound 

geochemical phase [41 – 44], the only difference is that in this case the residual fraction has the largest 

concentration. A greater proportion of the non-residual portion of the metal is in the organic matter-bound 

fraction. 

Lead: The bio-available (non-residual) fraction constitute 38.9 % f the total concentration of lead. The order of 

concentration in the five fraction is, Residual > Fe-M oxide – bound = organic mattrr – bound > exchangeable > 

carbonate – bound. This also is to some extent in agreement with the order obtained by some workers [42, 45, 

46] in which they found that Pb has its largest concentration in the Fe-Mn  oxide – bound fraction where lead 

in acid soil and sediment is known to be adsorbed to amorphous and crystalline Fe oxide. The slight difference 

is that here most of the metal is in the residual geochemical phase. Another difference is that the organic 

matter-bound fraction has equal amount of the metal in the non-residual phase with the Fe-Mn oxide – bound 

fraction. 

Nickel: Ni has 41 % of its total concentration in the non-residual (bio-available) geochemical phases. The order 

of the concentrations in the five fraction is, Residual fraction > organic matter – bound > .Fe- Mn oxide-bound 

> exchangeable fraction >carbonate – bound. The presence of high concentration of Ni in the study area may 
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be as a result of the indiscriminate spilling of petroleum products (e.g. gasoline, diesel etc) and lubricating oil 

on bare ground by auto – mechanics in the area. 

Cadmium: Cd has 58 % of its total concentration in the non-residual (bio – available) geochemical phases. The 

order of the concentrations in the five fractions is, Residual fraction >organic matter – bound fraction > Fe – 

Mn oxide – bound fraction > carbonate – bound fraction > exchangeable fraction. This order is slightly different 

from the order obtain by some other workers [41, 46, 47] in which they found the highest concentration of Cd 

in the Fe-Mn oxide bound fraction. The main difference is that the residual fraction has the highest 

concentration of cadmium. This is followed by the organic matter-bound (17.2 %) and Fe-Mn oxide – bound 

fraction (16.4 %). The difference between this two is very small. This means that there is adsorption of Cd to 

amorphous and crystalline Fe oxide but the process appears not to have been completed since much of Cd 

entering the soil in this area are of recent deposits, hence much of it is still in the organic matter – bound 

fraction. 

 Cd is a serious pollutant in this area because the concentration is high and a large proportion of its 

concentration is in bio-available (non-residual) geochemical phases. This portend great danger to human and 

animal health which are part of the food chain which have plants which takes in this metal at its base (or 

bottom). Cd competes with and displaces Zn in a number of Zn-metalloenzymes by irreversibly binding to the 

active sites, thereby destroying normal metabolism [4, 48]. A disease caused by Cd known as ‘itai-itai’ is 

rheumatic in nature and affect the bones adversely and conditions can become fatal.    

This indicates the fairly high level of anthropogenic input of these metals into the environment of the study 

area.  Cd, Pb and Ni are metals which can be derived from used lubricating oils and used batteries which form 

a high proportion of the discarded materials in the Auto-mechanic villages.  Although the concentrations of the 

metals did not decrease outwardly from the mechanic village, it can be argued that the area which is in the 

mangrove/rain forest region and has experienced much amount of rain which will have pollutants in a 

particular area easily carried from one spot to another, distributed evenly within a radius around the place 

where pollution occurs by storm runoff water.  The area can thus be said to be polluted with respect to 

cadmium as a result of the presence of the auto-mechanic village in the area. 

The results of the calculation of mobility factor showed that the four trace metals have the following mobility 

factors: 

Cu = 6.86 %, Pb = 13.9 %, Ni = 11.98 % and Cd = 21.17 %. The mobility factors of the metals are generally low 

with the exception of Cd with a mobility factor of 21.17 % which is moderately high.The relatively high 

concentrations of Cd in the study area coupled with this moderately high mobility factor puts Cd to be a 

serious pollutant in this area. This will make Cd ions more easily bio-available to plants which are at the 

bottom of the food chain which involve humans and higher animals. Human health may be at risk from Cd 

pollution in this area. 

The results for pH and the four trace heavy metals determined in the present study were compared with 

results obtained for corresponding parameters in polluted sites elsewhere in similar studies. Some of the 

values obtained were comparable with those for these other sites while other values for the study area were 

either higher or lower than values obtained for these other sites. The average concentration of Cu in the study 

area, 102±18 mgkg
-1 

(87.1 – 120  mgkg
-1

) is comparable with result obtained for Baia Mare (femuziu site) in 

Romania (6.50 – 1730 mgkg
-1

) [49] but is higher than results obtained for other sites, Metropolitan city of 

Lagos soil (0.10 – 2.90 mgkg
-1

) [50], Niger Delta (28.3±32 mgkg
-1

) [30], Udege tin/columbite mining are (0.34 

mgkg
-1

) [51], Karachi urban soil (33.3±12.8 mgkg
-1

) [52] and Guadao oil-polluted region (18.4 mgkg
-1

) [53].  

The average concentration of Pb in present study area 68.5±9.9 mgkg
-1 

(51.3 – 77.5 mgkg
-1

) is comparable with 

results obtained  for Karachi urban soil (42.1±55.8 mgkg
-1

) [52]  and Guadoa oil-polluted region in China (20.3 

mgkg
-1

) [53] but is much lower than results obtained for Niger Delta 9895±420 mgkg
-1

) [30] and Baia mare area 

(Femeziu site) (115.0 – 19195 mgkg
-1

) [49]. It is much higher than results obtained for metropolitan city of 
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Lagos soil (0.02 – 0.23 mgkg
-1

) [50] and Udege tin/columbite mining area (0.20 mgkg
-1

) [51]. The average 

concencentration of Cd, 35±10 mgkg
-1

 (20.1 – 42.7 mgkg
-1 

) is comparable with results obtained for Baia Mare 

area (Femeziu site ) (0.15 – 113 mgkg
-1

) [49]. It is much higher than results obtained for Niger Delta (1.3±1.0 

mgkg
-1

) [30], Obiobi/Obrikom oil spillage site (<0.20 mgkg
-1

) [18], Udege tin/columbite mining area (ND) [51] 

and Gudao oil polluted region (0.19 mgkg
-1

) [53]. It is lower than result obtained for Southwest China  lead/zinc 

smelting area (75.4 mgkg
-1

) [54]. The average concrntration of Ni, 121±51 mgkg
-1

 (51.3 – 77,5 mgkg
-1

) is much 

higher  than results obtained for any of the areas listed in Table 11. The average pH of study area soil 

6.40±0.58 (5.94 – 6.51) is comparable with result obtained for Baia Mare (Femeziu site) (5.7 – 7.5) [49 but 

lower than result obtained for Gudao oil-polluted region (7.3 – 8.05) [53]. The soil in the study area is slightly 

acidic. 

Table 1: Average Concentration of Four Metals in soil and pH of soil in the study area, control area and the 

different  Locations (sampling sites) 

Parameters Study Area 

average 

Control Area 

Average 

 

Study Area Sampling Stations 

Site I Site II Site III Site IV Site V 

Copper 

(mg/kg) 

102  18 13.8  1.6 89  12 109  22 105  17 104  20 105  14 

Lead (mg/kg) 68.5  9.9 8.9  1.6 65.5  8.3 70.1  8.9 70.6  12 75  7.2 62  10 

Nickel (mg/kg) 121  51 15.7  3.0 154  20 48.5  4.3 158  7.1 159  7.5 80  35 

Cadmium 

(mg/kg) 

35  10 5.39  1.31 35  12 22.6  5.9 31.6  3.9 43.2  7.6 41.1  40 

pH 6.40  0.58 6.66  0.63 6.61  0.48 5.89  0.41 6.86  0.36 6.32  0.54 6.22  0.67 

Table 2: Average concentration of four metals and pH in six seasons 

Parameters 
First Dry 

Season 

First Rainy 

Season 

Second Dry 

Season 

Second 

Rainy 

Season  

Third Dry 

Season 

Third Dry 

Season 

Copper (mg/kg) 102  16 102  19 102  20 103  18 99±17 104±19 

Lead (mg/kg) 69.7  6.9 69  11 71.8  9.6 64  11 66±10 66±13 

Nickel (mg/kg) 20  55 118  53 119  52 126  56 116±52 126±49 

Cadmium (mg/kg) 32  11 35  10 36  12 33.5  9.8 36±11 33.6±8.1 

pH 6.500.57 6.350.56 6.350.63 6.3 0.65 6.45±0.54 6.31±0.54 
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Table 3: Comparison of Average Concentration of Metals in Five Sampling Sites with Guideline Values for 
Land uses of the Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health 
(CCME, 1999) 

Parameter
s 

Land Use Locations 

Agricul
tu-ral 

Residentia
l/Pa-
rkland 

Comm
-ercial 

Indus-
trial 

Site I Site II Site III Site IV Site V 

Copper 
(mg/kg) 

63 63 91 91 89  12 109  22 105  17 104  20 105  14 

Lead 
(mg/kg) 

70 140 260 600 65.5  8.3 70.1  8.9 70.6  12 75  7.2 62  10 

Nickel 
(mg/kg) 

50 50 50 50 154  20 48.5  4.3 158  7.1 159  7.5 80  35 

Cadmium 
(mg/kg) 

1.4 10 22 22 35  12 22.6  5.9 31.6  3.9 43.2  7.6 41.1  40 

pH 6 to 8 6 to 8 6 to 8 6 to 8 
6.61  
0.48 

5.89  
0.41 

6.86  
0.36 

6.32  
0.54 

6.22  
0.67 

Table 5: Comparison of Results with Four other Soil Quality Guidelines.  

Guideline Cu (mg/kg) Pb   (mg/kg) Ni    (mg/kg) Cd    (mg/kg) References 

Norway 100 50.0 30.0 1.00 Reinmann et al.[55] 

Netherland (action level) 190 530 210 12.0 Reinmann et al. [55] 

EGASPIN Target Values 36.0 85 35.0 0.80 [35] 

EGASPIN Intervention 

values 
190 530 210 12.0 [35] 

 Guidelines for SPDC EIA 

process (acceptable 

ranges) 

5-50 5-50 5-50 0.7-3.0 [40] 

Switzerland (guide value) 50 50 - 0.8 FOEFL [56] 

Site I 89  12 65.5  8.3 154  20 35  12 Present study 

Site II 109  22 70.1  8.9 48.5  4.3 22.6  5.9 Present study 

Site III 105  17 70.6  12 158  7.1 31.6  3.9 Present study 

Site IV 104  20 73  7.2 159  7.5 43.2  7.6 Present study 

Site V 105  14 62  10 80  35 41.1  40 Present study 

Table 6: Average % Concentration of metals in Geochemical Phases.  

Geochemical Phases Copper Lead Nickel Cadmium 

Exchangeable % 2.14  0.94 10.8  3.6 3.14  0.76 11.6  3.5 

Carbonate – bound % 4.8  2.8 3.1  1.4 8.9  5.7 12.5  6.9 

Fe – Mu Oxide bound % 7.4  6.4 12.6  5.6 10.5  4.4 16.4  7.9 

Organic matter-bound % 20.3  8.5 12.6  6.0 19  10 17.2  4.3 

Residual % 66.5  7.7 61.1  8.6 59   20 42  13 
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Table 7: Contamination/Pollution (C/P) index of each metal in each of of the sampling stations using the 

average value of each metal for the four seasons for the sampling stations 

Sampling Stations 
Contamination/Pollution (C/P) Index 

Cu Pb Ni Cd 

Site I 2.47 0.77 4.4 43.8 

Site II 3.03 0.82 1.39 28.3 

Site III 2.92 0.83 4.51 39.5 

Site IV 2.89 0.88 4.54 54.0 

Site V 2.92 0.73 2.29 51.4 

 

 

Table 8: Significance of interval of contamination/pollution (C/P) Index (Lacatusu, 1998) 

 

C/P Index 
Significance Symbol 

<0.1 Very slightly polluted v.s.l 

0.10 – 0.25 Slightly contaminated s.l 

0.26 – 0.50 Moderate contamination m.l 

0.51 – 0.75 Severe contamination St. l 

0.76 – 1.00 Very severe contamination v.st.l 

1.1 – 2.0 Slight pollution s.p. 

2.1 – 4.0 Moderate pollution m.p. 

4.1 – 8.0 Severe pollution st.p. 

8.1 – 16.0 Very severe pollution v.st.p. 

 16.0 Excessive pollution e.p. 
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Table 11: Results from the study compared results from similar studies elsewhere 

River/Land Area country pH 
Cu 

(mg/kg) 

Pb 

(mg/kg) 

Ni  

(mg/kg) 

Cd 

(mg/kg) 
References 

Metropolitan 

city of Lagos 
Nigeria - 

0.10 – 

2.90 

0.02 – 

0.23 
-  [50] 

Niger Delta Nigeria - 28.3±32 895±420 43±20 1.3±1.0 [30] 

Baia Mare Area 

(Femeziu Site) 
Romania 5.7 – 7.5 

6.5 - 

1730 

115.0 - 

19195 

0.2 – 

29.3 

0.15 - 

113 
[49] 

Obiobi/Obrikom 

oil spillage Site 
Nigeria - - 

0.32 – 

0.80 

0.53 – 

18.0 
< 0.20 [18] 

Udege 

Tin/Columbite 

Mining Area 

Nigeria - 0.34 0.20 0.04 ND [51] 

Southwest 

China Lead/Zinc 

Smelting Area 

China - - 2485 - 75.4 [54] 

Gudao oil-

polluted Region 
China 7.3 – 8.05 18.4 20.8 26.3 0.19 [53] 

Karachi Urban 

Soil 
Pakistan -- 33.3±12.8 42.1±55.8 - - [52] 

Effurun 

Mechanic 

village area 

Nigeria 

6.40±0.58 

(5.94 – 

6.51) 

102±18 

(87.1 – 

120) 

68.5±9.9 

(51.3 – 

77.5) 

121±51 

(71.3 – 

133) 

35±10 

(20.1 – 

42.7) 

Present 

study 

 
 

CONCLUSION 

Analysis of four metals Cu, Pb, Ni and Cd and the comparison of results with soil quality guideline values has 

shown that soil in all the sites have average concentration of copper higher than guideline values for 

Agricultural and Residential/Parkland.  All sites also have average values of Cadmium higher than the guideline 

values for all land uses (i.e. Agricultural, Residential/Parkland, Commercial and Industrial land uses).  The soil of 

study area is thus polluted with respect to cadmium.  The result of the sequential extraction experiment also 

confirms that the study area soil is polluted with cadmium since a higher proportion of its concentration is in 

the bio-available non-residual fractions.  The results of sequential extraction experiment also showed that the 

proportion of the concentration of lead and nickel in the available non-residual fraction is on the increase. The 

mobility factor of Cd is also moderately high, This can result in faster uptake of Cd ions by plant roots in the 



Copy Right ©KY Publications  
Journal of Advanced Studies in Agricultural, Biological and 
Environmental Sciences (JABE) 

A Peer Reviewed & Refereed, International Open Access Journal 
www.jabe.in                              Vol.2.Issue.1.2015, E-ISSN:2394-2606 

35 

Research  Article 
 

Dr Samuel Omorovie Akporido et al 

Area. Environmental authorities should make sure that areas such as this (e.g. Mechanic villages) should be 

well monitored to ensure that those working in this  area conform to environmentally friendly behaviours such 

as not indiscriminately spilling petroleum products or lubricating oil oils in their surroundings.   

ACKNOWLEDGEMENT 

The Warri Refining and Petrochemical Company Ekpan-Warri is here acknowledged for making its facilities and 

equipment available for parts of this study.  The Department of Chemistry, Delta State University Abraka, Delta 

State Nigeria is also acknowledged for contributing to the success of this study in terms of making available its 

facilities and reagents to the study. 

REFERENCES 

[1]  GESAMP.(Group of Experts on the Scientific Aspects of Marine Pollution).  Impacts of oil and related 

chemicals and wastes in the marine environment. GESAMP Reports and Studies: No 50 International 

Marine Organization London U.K. 1993 

[2]  NRC (National Research Council). Oil in the Sea III: Inputs, fates and effects.  National Academic Press 

Washington D. C 2003. 265 pp. 

[3]  Forstner and Wittman,. Metals in the Aquatic Environment. Springer-Verlag Berlin Heidelberg New 

York, Tokyo. 1983. 

[4]  Bryan, G.W. and Langston, W.J. Bioavailability, accumulation and effect of heavy metals in sediments 

with special references to United Kingdom estuaries review. Environ. Pollut., 1992, 76: 89-137. 

[5]  Capuzzo, J. M. Biological effects of petroleum hydrocarbons: Assessments from experimental results.  

In: Boesch, D. F. and Rabalais (eds).  Long-term environmental effects of offshore oil and gas 

development Elsevier Applied Science, London. 1987 Pp. 343-410. 

[6]  Okereke, J.J., S.O. Obiekezie and K.O. Obasi, Microbial flora of oil-spilled sites in Egbema, Imo State 

Nigeria. African J. of Biotech. 2007, 6(8): 991-993 

[7]  Nie, M., Xian, N., Fu, X., Chen, X. and Li, B, The Interactive effect of petroleum-hydrocarbon spillage 

and plant rhizosphene on concentrations and distribution of heavy metals in sediments in the Yellow 

River Delta, China. J. Hazard.  Mater. 2010, 174 (1 – 3), 156 – 161 

[8]  Perez-Casanova, J. C.,Hamontere, D., Samuelson, S., Burt, K., King, T. L. and Lee, K  The immune 

response of juvenile Atlantic cod (Gadus morhua L.) to chronic exposure to produced water. Mar. 

Environ. Res. 2010,  70 (1),  26 – 34.  

[9]  United Environment Programme (UNEP) (2011). Environmental assessment of Ogoniland. United 

Nation Environment Programme (UNEP), Nairobi, 2011. 

[10]  Almeida, R., Mucha, A. P., Teixeira, C., Burdalo, A. A., and Almeida, C. M.. Biodegradation of 

petroleum hydrocarbons in estuarine sediments: metal influence. Biodegr., 2013, 24 (1), 111 – 123  

[11]  Yang, T., Liu, Q., Chan, L. and Cao, G. Magnetic investigation of heavy metals contamination in urban 

top soils around the East Lake, Wuhan, China. Geophys. J Int., 2007, 171 (2): 603 – 612. 

[12]  Yang, T., Liu, Q., Zeng, Q. and Chan, L. (2009). Environmental Magnetic responses of Urbanization 

processes: Evidence from Lake sediments in East Lake, Wuhan, China. Geophys. J. Int., 2009. 179 (2), 

873 – 886. 

[13]  Wang, P. –J., Liu, L., Li, F. –S., Hu, Z. –Q. and Bai, L. –P. Characteristic distribution of typical 

contaminants in the soil of a coking plant site in the southwest of china. Meitan Xuebao/Journal of 

the China Coal Society 36 (9), 1587 – 1592. 

[14]  Dheeba, B. and Sampathkumar, P. Evaluation of heavy metal contamination in surface soil around 

industrial area, Tamil Nadu, India. Int. J.  Chem Tech Res., 2012, 4 (3): 1229 – 1240 

[15]  Akporido, S. O. and kadiri, H. E.. Effect of urbanization and industrialization on the waters of the Benin 

river-Ethiope River System around Sapele, Nigeria. Global Advanced J. of phys. and Appl. Sci., 2014, 3 

(3): 035 . 050  



Copy Right ©KY Publications  
Journal of Advanced Studies in Agricultural, Biological and 
Environmental Sciences (JABE) 

A Peer Reviewed & Refereed, International Open Access Journal 
www.jabe.in                              Vol.2.Issue.1.2015, E-ISSN:2394-2606 

36 

Research  Article 
 

Dr Samuel Omorovie Akporido et al 

[16]  Nriagu, J.O. and Pocyna, J.M. Quantitative assessment of worldwide contamination of air, water and 

soil by trace metals. Nature, 1988, 333: 134-139. 

[17]  Obiajunwa, E. I., Pelemo, D. A., Owolabi, S. A., Fasasi, M. K. and Johnson-Fatokun, F. O.  

Characterization of heavy metal pollutants of soils and sediments around a crude-oil production 

terminal using EDXRF. Nuclear Instruments and Methods in Physics Research Section B: Beam 

Interactions with materials and Atoms,2002, 194(1): 61-64. 

[18]  Osuji, L. C. and Onojake, C. M. The Ebocha-8 oil spillage II.  Fate of associated heavy metals six 

months after.  Ajeam-Ragee,2004, 9: 78-87. 

 [19]  Akininwor, J. O., Onyeike, E. N. and Ifemeje, J. C. 2005.  Trace metal levels in Raw and heat processed 

Nigerian staple food from oil producing areas of Rivers and Bayelsa State.  J. Appl. Sci. and Environ. 

Manage., 2005. 10(2): 23 – 27. 

[20]  Asia, I.O., Jegede, S. I., Jegede, D. A. Ize-Iyamu O. K. and Akpasubi, E. B. The effect of Petroleum 

exploration and production operation on heavy metals contents of soil and groundwater in the Niger 

Delta. Int. J. of Phys. Sci.,2007. 2(10): 271-275. 

 [21]  Ossai, C. T., Duru, U.I., Ossai, I. A., Arubi, I. M. T. 2010. An appraisal of soil pollution in oil and gas 

production environment: A case study of heavy metals concentration in Ebocha and Akri oil fields. 

Society of petroleum Engineers – International Oil and Gas Conference and Exhibition in China 2010., 

IOGCECI, 2010,  pp492 – 497. 

[22]  Udoh, F. D., and Akpan, N. M. 2.010 Effect of oil spillage on Alakiri community in Okirika local 

Government Area of Rivers State, Nigeria. J. Ind. Pollut. Control., 2010.  26 (2), 139 – 143.  

[23]  Adeniyi, A. A. and Owoade, O. J. Total petroleum hydrocarbons and trace heavy metals in roadside 

soils along the lagos-Badagry expressway, Nigeria. Environ. Monit. and Assess., 2010, 167 (1 – 4): 625 

– 6308. 

[24]  Sojinu, O. S. S., Wang, J. Z., Sonibare, O. O. andZeng, E. Y. (2010). Polycyclic aromatic hydrocarbons in 

sediments and soils from oil exploration areas of the Niger Delta, Nigeria. J. of Hazard. Mater., 2010, 

174 (1–3): 641–647. 

[25]  Aguwamba, J.C., Onuoha, K. C. and Okoye, A. C. 2011. Potential effects on the marine environment of 

dredging of the bonny channel in the Niger Delta. Environ. Monit. Assess.  

 [26]  Ekpo, B. O., Oyo-Ita, O. E., Oros, D. R. and Simoneit, B. R. T.. Distribution and sources of Polycyclic 

aromatic hydrocarbons in surface sediments from Cross River estuary S. E. Niger Delta. Environ. 

Monit. and Assess 2012 184 (2): 1037–1047 

[27]  Olawoyin, R., Oyewole, S. A. and Greyson, Robert L. Potential risk effect from elevated levels of soil 

heavy metals on human health in the Niger Delta. Ecotoxicol.  Environ. Safety, 2012, 85 (1): 120 – 130. 

[31]  Akporido, S. O. and Asagba, S. O. Quality characteristics of soil close to the Benin River in the vicinity 

of a lubricating oil producing factory, Koko, Nigeria. Int. J. Soil Sci., 2013, 8 (1), 1 – 16 

[32]  Folsom, B. L., Ies, C. R. And Bates 1981. Influence of disposal environment on availability and plant 

uptake of heavy metals in dredged material. Tech. Rep. El-81-12.US Army, Washington, DC, 1981. 

[33]  Allens, S.E.,  Davison, W., Grimshaw, H. M. , Perkinson, J.A., Quarulby, C. and    Rowland, A. P. 

Chemical analysis of ecological materials,  Blackwell Scientific Publications, Oxford, 1989. 

[34]  Tessier, A., Campbell, P. G. C. and Bisson, M. 1980 Trace metal speciation in the Yamaska and St. 

Francois Rivers (Quebec).  Canadian Journal of Earth Sciences, 1980. 17: 0-105. 

[35]  DPR (Department of Petroleum Resources) Environmental guidelines and standards for the petroleum 

industry in Nigeria. Department of Petroleum Resources (DPR), Victoria Island Lagos, Nigeria, 2002. 

[36]  Lacatusu, R. Appraising levels of soil contamination and pollution with heavy metals. European Soil 

Bureau – Research Report No. 4, 1998. 



Copy Right ©KY Publications  
Journal of Advanced Studies in Agricultural, Biological and 
Environmental Sciences (JABE) 

A Peer Reviewed & Refereed, International Open Access Journal 
www.jabe.in                              Vol.2.Issue.1.2015, E-ISSN:2394-2606 

37 

Research  Article 
 

Dr Samuel Omorovie Akporido et al 

[37]  Kabala, C. and Singh, R-R. Fractionation and mobility of copper, lead and zinc in soil profiles in the 

vicinity of a copper smelter. J. Environ. Qual.,2001, 30: 485 – 492. 

[38]  CCME (Canadian Council of Ministers of the Environment),  Canadian soil quality guidelines for the 

protection of environmental and human health.  In:Canadian Environmental Quality Guidelines, 1999.  

Canadian Council of Ministers of the Environment Winnipeg, 1999. 

[39] Environment Agency. Soil guideline values. Available from: environment-

agency.gov.uk/research/planning/33714.aspx, 2013,   (02/01/2014) 

[40]  SPDC Ltd. (Shell Petroleum Development Company Nig. Limited). Accompanying guidelines for SPDC 

EIA process Data collection. Shell Petroleum Development Company of Nigerian Limited SPDC 2004-

0002712 vol. III, 2004 

[41]  Ramos, L. Hernandez, L. M. and Gonzalez, M. J. Sequential fractionation of copper, lead, cadmium and 

zinc in soils from or near Donana National Park. J. Environ. Qual., 1994, 23: 50 – 57 

[42]  Tessier, A., Campbell, P. G. C. and Bisson, M. Sequential extraction procedure for the speciation of 

particulate trace metals. Analytical Chemistry, 1979, 51: 844-850. 

[43]  Sposito, G., Lund, L. J. And Chang, A. C.  Trace metal Chemistry of arid-zone field soils amended with 

sewage sludge: I. Fractionation of Ni, Cu, Zn, Cd and Pb in solid phases.  Soil Sci. Soc. American J., 

1982, 46: 240 – 264. 

[44]  Karlsson, S., Alland, B. And Hakansson, K.  Chemical characterization of Streambed sediments 

receiving high loadings of acid mine effluent.  Chem. Geol., 1988, 67:1 – 15. 

[45]  Elliot, H. A., Liberati, M. R. And Ituag, C. P.  Competitive adsorption of heavy metals by Soil.  J. Environ. 

Qual.,1986 15: 214 – 219. 

[46]  Levy, D. B., Barbamck, K. A., Siemer, E. G. and Sommers, L. E..  Distribution and portioning of Trace 

Metals in Contaminated soils near Leadville, Colorado. J. Environ. Qual.,1992, 2: 185-195. 

[47]  Ip, C. C. M., Li, X., Zhang, G., Wai, O.W.H. and Li, Y. 2007.  Trace metal distribution in sediments at 

Pearl River Estuary and the surrounding coastal area South China.  Environ. Pollut., 2007, 147(2): 311 – 

323. 

[48]  Langston, W. J.  Toxic effects of metals and the incidence of metals pollution in marine ecosystems.  In 

Furness, R. W. and Rainbow, P. S. (eds).  Heavy Metals in the marine environment. CRS ress Boca 

Ration FL 1990, pp. 101-122. 

[49]  Mihali, C., Oprea, G. Michnea, A., Jelea, S., Jelea, M., Man, C., Senila, M. and Griger, L. 2013. 

Assessment of heavy metal content and pollution and pollution level in soil and plant in Baia mare 

area, NW Romania. Carpathian J. of Earth and Environ. Sci., 2013, 8 (2): 143 – 152. 

[50]  Awofolu, O. R. 2005. A survey of trace metals in vegetation , soil and lower animals along selected 

major roads in metropolitan city of Lagos. Environ. Monit. Assess., 2005, 105 (1 – 3): 431 - 447 

[51]  Aremu, A. O., Atolaiye, B. O. and Labaran, C. 2010. Environmental implication of metal concentration 

in soil, plant food and pond around the derelict Udege mines of Nasarawa State, Nigeria. Bull.. Chem. 

Soc. Ethiopia, 2010, 24 (3):351 – 360. 

[52]  Karim, Z. and Qureshi, B. A. 2014. Health risk Assessment of heavy metals in urban soil of Karachi, 

Pakistan. Human and Ecological Risk Assessment: An international Journal, 20 (3): 658 – 667. 

[53]  Fu, X-W., Wang, D – G., Ren, X – H. And Cui, Z – J. 2014. Spatial distribution patterns and potential 

sources of heavy metals in soils of a crude oil – polluted region in china. Pedosphere, 2014, 24 (4): 508 

- 518  

[54]  Li, P., Lin, C., Cheng, H., Duan, X. and Lei, K. 2014. Contamination and health risks of soil heavy metals 

around a lead/zinc smelter in southwestern China. Ecotoxicol. and Environ. Safety, 2014, 113: 391 – 

399 



Copy Right ©KY Publications  
Journal of Advanced Studies in Agricultural, Biological and 
Environmental Sciences (JABE) 

A Peer Reviewed & Refereed, International Open Access Journal 
www.jabe.in                              Vol.2.Issue.1.2015, E-ISSN:2394-2606 

38 

Research  Article 
 

Dr Samuel Omorovie Akporido et al 

[55]  Reimann, C., Boyd, R.,de Caritat, P., Halleraker, J.K.,Kashulina, G., Niskavaara, H. and Bogatyrev, 

I.1997. Topsoil (0-5cm) composition in eight Arctic catchments in northern Europe (Finland, Norway 

and Russia). Environ. Pollut..1997, 95(1): 45-56. 

[56]  Federal Office of Environment, Forest and Landscape (FOEFL),1987. Commentary on the ordinance 

Relating to pollutants in soil (VSBO of June 1986),FOEFL, Bern, Switzerland,1987. 


