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This study was conducted with soils samples from five mechanic 

workshops within Bauchi metropolis with a view to examine the 

relationship between Cd and the electrical conductivity in these soils. 

Resulting coefficient of correlation established a linear relationship 

between the both variables, with R
2
 of between 0.869 – 0.955 in all the 

study sites. Three different models (Linear, Logarithmic and quadratic 

models) were developed were found to suit the data obtained from the 

correlation between Cd and soil EC. Regression models obtained can 

be used to predict the impact of Cd in the various workshops.  
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Introduction:- 
The ongoing rapid economic boost through industrialization and urbanization has put a great burden on soil, with 

more and more pollutants containing heavy metals being released into the soil on daily basis (Banat et al., 2004; 

Yang et al., 2011; Nor et al., 2012). The annually estimated toxicity due to metallic discharge into the environments 

far exceeds the combined total toxicity of all radioactive and organic wastes (Abdus-Salam and Adekola, 2005).The 

accumulation of heavy metals in the environment particularly in the soil due to their persistent nature is now a 

matter of continuous growing environmental and health concerns all over the world (Abdus-Salam and Adekola, 

2005; Parven et al., 2009; Abechi et al., 2010; Adams et al., 2015).  In Nigeria, soils suffer from pollution problems 

associated with automobile-repair workshop (Onweremadu and Duruigbo, 2007; Ayodele and Modupe, 2008; 

Nwachukwu et al., 2010; Odoh et al., 2011; Ojiako and Okonkwo, 2013; Okeke et al., 2014; Osakwe, 2014; Iyabo et 

al., 2015).  

 

Cadmium has been reported as one of the major metals pollutant associated with all automobile workshops within 

Africa (Iwegbue et al., 2006; Ilemobayo and Kolade, 2008; Adelekan and Alawode, 2011; Ololade, 2014; Demie, 

2015). Large concentrations of Cd in soils are associated with parent material (black slates) and most are manmade 

(Victor, 2009)
1
. Cadmium pollution of the environment has been on the increase due to rising consumption of Cd by 

industries. Cadmium is contained in motor oils and car tyres; it is principally used as protective plating on steel, in 

cadmium- nickel battery manufacture, in various alloys, in paints and pigment (for plastic, enamels and glasses); 

industrially, it is used as air antifriction agent, as rust proofer and in alloys in semiconductors (Duffus, 1980, 

Alloway, 1999, Kadirvelu  and Namasivayam, 2003; Ihenyen and Aghimen, 2005; Arinola and Akinbinu, 2006; 

Lenntech, 2011). Its sources in the environment could also be attributed to the use of commercial fertilizers, 

containing cadmium, insecticides, fungicides and sludge used in agriculture (Omran and El Razek, 2012). 
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Cd is very toxic at very low concentration and is considered as one of the most important environmental pollutants 

due to its potential harmful effects and no known biological importance or essential function to date. It has therefore 

received as much attention as those of lead
 
Onweremadu and Duruigbo, 2007; Alloway, 1996; Omran and El Razek, 

2012; Lehoczky et al, 2000). Cadmium toxicity is linked with reproduction problem because it affects sperm and 

reduces birth weight (Victor, 2009). It is a potential carcinogen and seems to be a causal factor in cardiovascular 

diseases and hypertension. It’s inhalation can lead to severe damage of the lungs and even death. High level of 

cadmium in exposed individuals may interfere with cerebral pyruvate metabolism, which may lead to thiamine 

deficiency, emphysema and proteinuria in the occupationally exposed individuals (Arinola and Akinbinu, 2006; 

Lenntech, 2011). People living close to waste dump, where cadmium accumulates can be at a high risk of exposure 

(Lenntech, 2011).  

 

This will likely be the case for those living near automobile dumpsites and workshops. Nawrot et al, 2006
 
reported 

that a significant increase in lung cancer risk correlated with cadmium exposure in soil, around former thermal zinc 

plants.  

 

Within the soil profile, Cd tends to be present at higher concentration in the surface horizon. This partly reflects the 

inputs from direct discharge of automobile wastes on soil and atmospheric deposition. It also tends to be more 

mobile in soil at lower pH than other metals such as Cu and Pb (Alloway, 1996; Alkorta J et al., 2004; Haiyan, 

2013). The estimated half – life for Cd in soil varies between 15 – 1100 years. This is an obviously long term 

problem and its pollution needs to be prevented or monitor, wherever possible (Alloway, 1996). 

 

Electrical conductivity (EC) is the ability of a material to transmit (conduct) an electrical current. Soil electrical 

conductivity offers a very quick and convenient way for determining the total amount of ionisable salt. These 

substances are the ions, which act as a good conductor. The existence of some ions in the soil changes soil electrical 

conductivity value. The nature of various substances, their concentration and ionic strengths vitally affect the 

conductance (Seifi et al., 2010; Saroj, 2014). Salinity levels, cation exchange capacity and herbicide usage have 

been identified as major factors that affect the EC measurements in soils (Jaynes, et al., 1995; Mankin and 

Karthikeyan, 2002; Triantafilis et al., 2002; Kaffka, et al., 2005). Soil EC is therefore one of the soil physical 

properties, which have a good relationship with the other soil characteristics and the measurement of apparent soil 

electrical conductivity, is one of the easiest ways to get suitable information about soil characteristics. Soil EC is 

also viewed as the best way for obtaining useful information about soil pollution condition (Seifi et al., 2014).  

 

This present study investigates the relationship between cadmium and the electrical conductivity of contaminated 

soil with a view to evaluate the possibility of predicting the levels of Cd in these soils by using the soil EC.  

 

Materials and Method:- 
Study area:- 

The study was carried out in five automobile repair and maintenance sites within Bauchi metropolis, Bauchi local 

government area of Bauchi state.  Geographically, Bauchi state lies between latitudes 9
0
 30' N and 12

0
 34'N and 

longitude 8
0
 5' E and 11

0 
00'E of the greenwichmeridian. Geographical coordinates of the various sites were obtained 

using a global positioning system.  

 

Sampling and Sample Collection:- 

Stratified random sampling technique was used. Each of the study sites were divided into ten units. Soil samples 

were then randomly collected at a depth of 30cm in the respective units within each mechanic workshops. The soil 

samples per unit were then homogenised to form a composite sample (Atulegwu et al., 2013). The homogenised 

samples were then transferred into a black polythene bag and properly labelled before transporting to the laboratory.  

 

Sample preparation and preservation:- 

After series of coning and quartering, 500g of the soil sample from each of the sites were air dried for one week in a 

well-ventilated space to remove excess moisture and sieved through 2 mm mesh to prevent chemical microbial 

changes and to remove large mineral inclusions and organic debris. The sieved samples were stored in labelled 

polythene bags and used for subsequent analysis (Okeke et al. 2014). 
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Metal Determination:- 
The dried soil samples were crushed in a porcelain mortar with a pestle. 1.0g of the sample were then digested with 

20 cm
3
 aqua regia ((HNO3: HCl, 3:1 ratio) in a 100 cm

3
 cornical flask and was allowed to stand overnight. The next 

day the mixture was boiled gently for 2 hours at 95ºC and allowed to cool. After rinsing the flask with 20 cm
3
of 

distilled water; the mixture was filtered through Whatman No 1 filter. The filter was also rinsed, but with 10cm
3
 of 

warm (50
0
C) HNO3 and the filtrate was diluted to 100 cm

3
with 2M HNO3 in a 100cm

3
 standard volumetric flask. 

The digested samples were then analyzed for their heavy metal content using the atomic absorption 

spectrophotometer (Bulk Scientifc 210, VGD) (Nor et al., 2012; Iwegbue et al., 2006). 

 

Electrical conductivity determination:- 

Electrical conductivity of the soil (ratio 1:5 of soil to water suspension) were measured with an EC /TDS meter 

(WAG-WE 30210) calibrated to a 1413 µScm
-1

 calibration standard at 25
o
C. 5g of soil was transferred in a beaker, 

followed with 50ml of distilled water. The mixture was thoroughly shaken for 1hour to dissolve the salt. The 

mixture was filtered through No.1 filter paper and the EC of the extract were measured at 25
0
C (Motsara and Roy, 

2008). 

 

Data Analysis:- 

Data generated were analysed using SPSS 16 and statistical variations were considered significant at p<0.05. The 

linear regression equation was used for the estimation and prediction of metal concentrations at the various 

automobile workshops. The equation was obtained from plotting a linear, Logarithmic, quadratic or cubic curve of 

the metal concentration against the EC of the soil at the study sites. Thus, from the equations obtained, the 

concentrations of Cd in any of the study sites can easily be deduced from the equation by substituting the values of 

soil EC obtained at any of the sites.   

 

Results and Discussion:- 
Relationship between Soil EC and Cd Concentration in Soil:- 
Table 1 gives the summary results of the correlation between Cd levels and EC in automobile workshops studied.  In 

all the workshops, EC correlated significantly and positively with Cd at p < 0.01 (MR, r= 0.802; MW, r = 0.924; 

YW, r = 0.929; GR, r = 0.955; DP; r = 0.910). This could imply that an increase in the level of Cd may lead to an 

elevated level of soil EC in these sites. 

 

Table 1:- Correlation analysis of Cd levels and Ec in mechanic workshop soils 

Sites MR YW MW GR DP 

R .869
**

 .924
**

 .929
**

 .955
**

 .910
**

 

P .001 .000 .000 .000 .000 

DP= Dass park; YW= Yelwa; MW= Maidugari bye-pass; GR= Gombe road; MR= Maidugari road, R: 

Pearson correlation, P: Significant level, **. Correlation is significant at the 0.01 level 

 

Regression models:- 

In order to further understand the relationship between changes in the EC as the Cd level varies in the soil, series of 

regression analyses for the two variables were carried out to test their suitability to the data generated (Figures 1 – 

5).
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Figure 1:- Relationships between Cd and EC in MR. 

 

 
Figure 2:- Relationships between Cd and EC in MW 

 

Plots of Cd against EC obtained above for the various workshops show that the levels of Cd in all the soil samples 

studied had similar increasing relationships with the corresponding EC values estimated. This interesting 

phenomenon indicates that the higher the Cd concentrations in soils, the higher soil EC. Linear (Y = a + bX) and 

logarithmic (Y = a + b ln(X) models were generated for MR, YW and DP, while in addition to these models, the 

quadratic (Y = a + bX + cX
2
) models were also found suitable in MW and GR. These models were considered 

statistically significant at P < 0.05 for this investigation and were developed based on regression analysis in which 

the relationship between a dependent variable and one or more independent variable is estimated.   

 
Figure 3:- Relationships between Cd and EC in YW 

   *-/*-*- 

 
Figure 4:- Relationships between Cd and EC in GR 
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Figure 5:- Relationships between Cd and EC in YW 

 

Using the regression analysis therefore, it is easy to understand how the typical value of the dependent variable 

changes when any one of the independent variables is varied (Mogull, 2004; Amstrong, 2012). In this study, EC is 

the independent variable owing to its usefulness in measuring increase in the concentration and pollution of heavy 

metals in soils (Seifi, 2010). Soil EC can therefore be used to predict the concentrations of Cd, which is the 

dependent variable.  

 

The Linear, logarithmic and quadratic regression models developed, fitted the relationships with Adjusted R
2
 

ranging between 0.694 – 0.982 (Table 2). Although all the models developed were good as shown by their R
2
 

values, the linear models gave the highest prediction of Cd in MR and YW, accounting for 72.4% and 84.5% of the 

variance in the concentration of Cd respectively, followed by the logarithmic model in GR and DP; explaining about 

96.0% and 85.0% respectively. In MW, the quadratic model gave the most preferred prediction, with about 98.2%.  

 

Table 2:- Model summary of Cd in the workshop soils 

Metals  Model Type R R Square Adjusted R 

Square 

Std. Error of the 

Estimate 

  F 

MR Linear  0.869 0.755 0.724 3.02575 24.648 

 Logarithmic  0.859 0.738 0.706 3.127 22.570 

MW Linear  0.924 0.853 0.835 3.081 46.544 

 Logarithmic  0.853 0.728 0.694 4.196 21.405 

 Quadratic   0.993 0.986 0.982 1.005 252.517 

YW Linear  0.929 0.862 0.845 2.311 50.126 

 Logarithmic  0.871 0.759 0.729 3.060 25.167 

GR Linear  0.955 0.911 0.900 1.610 82.395 

 Logarithmic  0.981 0.963 0.958 1.047 205.638 

 Quadratic   0.983 0.967 0.957 1.052 102.360 

DP Linear  0.910 0.828 0.806 4.639 38.387 

 Logarithmic  0.932 0.868 0.851 4.060 52.573 

DP= Dass park; MV= Mechanic village; YW= Yelwa; MW= Maidugari bye-pass; GR= Gombe road; MR= 

Maidugari road, 

 

Table 3:- Regression models developed for Cd 

Metals  Linear models Logarithmic models Quadratic models 

MR Cd = 6.73 + 0.050 EC Cd = 9.525 ln(EC) – 32.95 -- 

MW Cd = -17.77 + 0.239 EC Cd = 20.854 ln(EC) – 88.92 Cd = 12.54 – 0.406EC + 0.003EC
2
 

YW Cd = 3.021 + 0.058 EC Cd = 10.200 ln(EC) – 38.32 -- 

GR Cd = -5.329 + 0.108 EC Cd = 15.920 ln(EC) – 68.25 Cd = -16.55+ 0.263EC+0.000EC
2
 

DP Cd = 2.782 + 0.065 EC Cd = 18.676 ln(EC) + 81.01 -- 

It accounted for approximately 98.0% of the variation in Cd concentration. This is because these preferred models 

gave higher R
2
 values, lower standard errors of the estimate and enormous F statistics (Table 3). 
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Conclusion:- 
This study revealed that Cd concentrations generally increased as the soil EC increased in all the automobile 

workshops studied. In other words, the concentrations of Cd in soils can be easily related to the measured EC of 

such soils and these relationships can be expressed mathematically with regression equations. The study also 

indicated that the model equations can be utilized for predicting the level of Cd at any of the study sites by simply 

imputing the value of the measured soil EC values in any of these study sites.  Mathematical models so obtained can 

be used in the prevention Cd pollution in automobile workshops, giving a first indication about the elevated level of 

Cd in the workshops. 
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