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ABSTRACT: Mining and smelting activities are the main causes for the increasing pollution of heavy metals from 

water sources. The toxicity of these heavy metals from the mining, milling and smelting companies can cause harmful 

and even lethal effects on the human health.  The objective of this study was to investigate the level of As, Cr, Zn, 

Mg, Fe, Pb, Cd, Cu, Ag and Mn in well and tap water and assess the degree of pollution in the study area. Atomic 

Absorption Spectrometry investigation was carried out on 60 samples of water (Well and Tap) collected within and 

outside the mining and smelting area of Ajaokuta to determine the extent of these heavy metals contamination in their 

drinking water. The data of heavy metal concentrations reveal that the area has been slightly contaminated with the 

heavy metals, with As and Cr having the highest level of contamination. Correlation analysis between the selected 

heavy metals was conducted to further investigate the relationship between the metals. The result shows that these 

selected metals have common pollution sources related to the mining and smelting activities in the area. 
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I.  INTRODUCTION 

The presence of heavy metals in natural water as major 

cause of pollution has received considerable attention in recent 

years due to its potential risk to human health and ecology 

(WHO and UNICEF, 2011; UNICEF and WHO 2012; 

Olukanni et al, 2014). Mining activities has destroyed natural 

habitats, polluted the air, soil and water, as well as long term 

environmental impacts (UNEP, 1997). The toxicity of heavy 

metals from the mining, milling and smelting companies such 

as cadmium, zinc, lead, copper, manganese, magnesium, iron, 

arsenic, silver, chromium can have harmful and even lethal 

effects on the human body, depending on the concentration and 

rate of consumption. Water is one of the essentials that 

supports all forms of plant and animal life (Vanloon and Duffy, 

2005; WHO, 2011) and it is generally obtained from two 

principal natural sources namely surface water (such as fresh 

water lakes, rivers, streams, etc) and ground water (such as 

borehole water and well water) (McMurry and Fay, 2004; 

Mendie, 2005).  

Water has unique chemical properties due to its polarity and 

hydrogen bond which means it is able to dissolve, absorb, 

adsorb or suspend many different compounds (WHO, 2008). 

Thus, in nature, the water is not pure as it acquires 

contaminants from its surrounding and those arising from 

humans and animals as well as other biological activities 

(Mendie, 2005). One of the most important environmental 

issues today is ground water contamination (Vodela et al., 

1997; WHO, 2011; Nwankwo, 2013; Lawrence, 2014), 

majorly heavy metals receive particular concern considering 

their strong toxicity even at low concentrations (Marcovecchio 

et al., 2007). Heavy metals are elements having atomic weights 

between 63.546 and 200.590 amu and a specific gravity greater 

than 4.0 i.e. at least 5 times that of water. They exist in water 

in colloidal, particulate and dissolved phases (Adepoju-Bello 

et al., 2009) with their occurrence in water bodies being either 

of natural origin (e.g. eroded minerals within sediments, 

leaching of ore deposits and volcanism extruded products) or 

of anthropogenic origin (i.e. industrial or domestic effluents, 

harbor channel dredging) (Marcovecchio et al., 2007). 

Heavy metal can cause serious health effects with varied 

symptoms depending on the nature and quantity of the metal 

ingested (Adepoju-Bello and Alabi, 2005). They produce their 

toxicity by forming complexes with proteins, in which 

carboxylic acid (–COOH), amine (–NH2), and thiol (–SH) 

groups are involved. These modified biological molecules lose 

their ability to function properly and result in the malfunction 

or death of cells. When metals bind to these groups, they 

inactivate important enzyme systems or affect protein 

structure, which is linked to the catalytic properties of 

enzymes. This type of toxin may also cause the formation of 

radicals which are dangerous chemicals that cause the 

oxidation of biological molecules. The most common heavy 

metals that humans are exposed to are Arsenic, Cadmium, and 

Lead. Arsenic exposure can cause among other illness or 

symptoms cancer, abdominal pain and skin diseases. Cadmium 

exposure produces kidney damage and hypertension. Lead is a 

commutative poison and a possible human carcinogen 

(Bakare-Odunola, 2005). In addition, Lead may cause the 
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development of autoimmunity in which a person’s immune 

system attacks its own cells. This can lead to joint diseases and 

ailment of the kidneys, circulatory system and neurons. At 

higher concentrations, Lead can cause irreversible brain 

damage. 

In Nigeria today, the use of ground water has become an 

agent of development because the government is unable to 

meet the ever increasing water demand. Thus, inhabitants have 

had to look for alternative ground water sources such as 

shallow wells and boreholes (Nwankwo et al, 2013; Olukanni 

and Ugwu, 2013). The quality of these ground water sources 

are affected by the characteristics of the media through which 

the water passes on its way to the ground water zone of 

saturation (Adeyemi et al., 2007). Thus, the heavy metals 

discharged by the mining and milling activity of Ajaokuta 

Steel Company can result in a steady rise in contamination of 

ground water. The focus of this work is to assess the level of 

concentration of some selected heavy metals (Cadmium Cd, 

Arsenic As, Chromium Cr, Lead Pb, Copper Cu, and other 

elements like Magnesium Mg, Manganese Mn, and Iron Fe) of 

water samples collected within Ajaokuta Steel Company and 

derived the potential health risks associated with the people 

living around the environment.  

II.  MATERIALS AND METHODS 

a. Study Area 

Ajaokuta is located between latitude of 6.58º N to 6.70º N 

and longitude 8.80º E and 8.89º E in Kogi State. It has area of 

1,362 km2 and a population of 122,321 at the 2006 census. It 

is the home of the multi–billion dollar steel rolling Mill. The 

steel project is located on 24, 000 hectares of sprawling green- 

filed land-mass. The steel plant itself is built on 800- hectares 

of land using the tested Blast – furnace – Basic Oxygen 

Furnace route for steel production. 

b. Sample Collection and Preparation 

A total of 60 water samples were collected and 

investigated. Comprises of 24 samples of well-water and 24 

samples of tap-water within the study area and 12 sample of 

well and tap water each outside the study area. The water 

samples were collected in a clean polyethylene bottles, because 

glass bottles absorb metals and therefore will cause inaccuracy 

in analysis. The water was filtered through a 0.45 micrometer 

membrane filter as soon as possible after collection. For the 

digestion, 1 L of each sample was measured into a clean 

digestion flask. 9 ml of concentrated HNO3 and 3 ml of 

concentrated HCl was added into the sample in the digestion 

flask (USEPA, 1986; Bader, 2011). The whole samples was 

heated in a hot plate until all the brownish fumes was expelled 

out (Nitrogenous Compound) which confirm that the sample is 

digested and the samples was allowed to cool at room 

temperature. A few millilitres of distilled water was added and 

the mixture was filtered into 25 ml standard flask and it was 

transferred into plastic reagent bottle for Atomic Absorption 

Spectrometry (AAS). 

The Atomic Absorption Spectrometry is a spectro-

analytical procedure for the quantitative determination of 

chemical elements using the absorption of optical radiation 

(light) by free atoms in the gaseous state. The technique 

measures the concentrations of elements in digested samples 

down to parts per million (ppm) in a sample. The Atomic 

Absorption Spectrometry was carried out at ROTAS Soil-Lab 

in Ibadan using Buck Scientific Model 210 VGP Atomic 

Absorption Spectrophotometer. 

c. Results and Discussion 

The results of the analysis are presented in Tables 1 – 4. 

Current drinking water quality guidelines (in ppm or mg/L) for 

the selected heavy metals published by several organizations, 

committees or agencies throughout the world are given in 

Table 3. Figures 2 and 3 gives a comparative chart for the mean 

results obtained from the analysis.

 

 
                                                        Figure 1: Map of Nigeria showing the location of Kogi State. 

                                               Source: Kogi State Ministry of Land and Environment, 2008 
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                                  Table 1: Concentration of Heavy Metals of Well-Water Samples Collected within the Study Area in ppm. 

Sample Mg Mn Cu Zn Fe Pb Cd Ag As Cr 

W1 1.27 ND 0.05 1.34 0.14 0.40 ND 0.01 24.06 13.75 

W2 1.22 ND 0.06 1.23 0.20 0.21 0.01 ND 21.09 13.38 

W3 1.17 ND 0.07 1.46 0.27 0.15 0.03 0.01 14.02 13.00 

W4 1.62 ND 0.02 1.53 0.95 0.14 0.02 0.02 37.50 7.37 

W5 1.25 ND 0.04 1.69 0.75 0.41 0.06 0.02 27.45 15.80 

W6 1.39 ND 0.06 1.67 0.81 0.50 0.12 ND 30.40 18.91 

W7 1.82 ND 0.07 1.87 1.01 0.52 0.16 0.02 37.60 18.98 

W8 1.62 ND 0.05 1.62 0.92 0.42 0.08 ND 31.42 16.03 

W9 1.24 ND 0.02 1.46 0.48 0.20 0.04 ND 21.25 13.04 

W10 1.42 ND 0.05 1.81 0.76 0.31 0.06 ND 24.05 15.82 

W11 1.61 ND 0.06 1.78 0.96 0.24 0.05 ND 27.42 16.68 

W12 1.12 ND 0.02 1.23 0.28 0.14 0.02 ND 16.02 12.64 

W13 1.64 ND 0.06 1.66 0.92 0.32 0.06 0.02 26.05 16.23 

W14 1.62 ND 0.05 1.53 0.87 0.32 0.06 ND 24.52 14.66 

W15 1.54 ND 0.04 1.45 0.69 0.23 0.05 ND 21.44 13.78 

W16 1.43 ND 0.04 1.32 0.62 0.20 0.04 ND 20.06 13.04 

W17 1.33 ND 0.03 1.42 0.58 0.12 0.02 0.01 18.42 12.04 

W18 1.52 ND 0.03 1.56 0.52 0.16 0.02 0.01 20.22 13.46 

W19 1.45 ND 0.03 1.46 0.48 0.12 0.01 0.01 18.46 12.42 

W20 1.17 ND 0.02 1.38 0.37 0.12 0.01 0.01 16.56 12.02 

W21 1.61 ND 0.06 1.63 0.81 0.22 0.04 0.02 27.64 16.78 

W22 1.69 ND 0.07 1.86 0.92 0.34 0.06 0.02 34.68 17.48 

W23 1.61 ND 0.06 1.76 0.81 0.32 0.06 0.02 31.78 16.04 

W24 0.98 ND 0.02 1.29 0.28 0.14 0.02 0.01 14.54 10.22 

Min 0.98 NA 0.02 1.23 0.14 0.12 NA NA 14.02 7.37 

Max 1.82 NA 0.07 1.87 1.01 0.5 0.16 0.02 37.60 18.98 

Median 1.44 NA 0.05 1.53 0.72 0.22 0.04 0.02 24.06 13.77 

Mean 1.43 NA 0.05 1.54 0.64 0.25 0.05 0.02 24.44 14.32 

SD 0.22 NA 0.02 0.19 0.27 0.11 0.04 0.01 6.91 2.70 

NA = Not Available 

ND = Not Detectable 

 

                              Table 2: Concentration of Heavy Metals of Well-Water Samples Collected outside the Study Area in ppm. 
Sample Mg Mn Cu Zn Fe Pb Cd Ag As Cr 

OW1 0.23 ND ND 0.10 0.10 ND ND ND 8.02 4.25 

OW2 0.26 ND ND 0.25 0.10 ND ND ND 10.00 8.26 

OW3 0.18 ND ND 0.20 0.20 ND ND ND 6.16 6.42 

OW4 0.22 ND ND 0.14 ND 0.01 ND ND 13.80 8.62 

OW5 0.25 ND ND 0.16 0.10 ND ND ND 9.22 8.02 

OW6 0.15 ND ND 0.26 0.10 0.01 ND ND 8.60 6.04 

Min 0.15 NA NA 0.10 0.10 0.01 NA NA 6.16 4.25 

Max 0.26 NA NA 0.26 0.20 0.01 NA NA 13.80 8.62 

Median 0.23 NA NA 0.18 0.10 0.01 NA NA 8.91 7.22 

Mean 0.22 NA NA 0.18 0.12 0.01 NA NA 9.30 6.94 

SD 0.04 NA NA 0.06 0.04 0.00 NA NA 2.56 1.67 

NA = Not Available 

ND = Not Detectable 
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                             Table 3: Concentration of Heavy Metals of Tap-Water Samples Collected within the Study Area in ppm. 
Sample Mg Mn Cu Zn Fe Pb Cd Ag As Cr 

T1 5.65 0.06 ND 0.09 0.07 0.13 0.01 ND 9.70 8.82 

T2 3.39 0.08 ND 0.68 0.03 0.57 ND ND 10.00 7.30 

T3 2.18 0.19 0.01 0.04 0.50 0.11 0.02 0.01 11.80 13.28 

T4 3.64 0.10 ND 0.32 0.30 0.34 ND ND 9.75 11.20 

T5 3.80 0.09 ND 0.14 0.08 0.18 0.01 ND 12.25 10.10 

T6 3.78 0.14 ND 0.35 0.22 0.30 0.02 ND 9.50 9.30 

T7 3.34 0.08 ND 0.36 0.36 0.38 0.02 ND 9.27 9.04 

T8 3.42 0.08 0.01 0.42 0.38 0.40 0.02 ND 10.22 10.10 

T9 5.02 0.12 ND 0.71 0.51 0.58 0.02 ND 9.02 9.32 

T10 4.04 0.14 ND 0.61 0.42 0.41 0.02 ND 12.04 13.24 

T11 4.12 0.18 ND 0.60 0.43 0.38 ND 0.01 11.28 12.04 

T12 3.78 0.12 ND ND 0.38 0.28 ND 0.01 9.46 10.22 

T13 3.08 0.16 0.01 ND 0.31 0.32 ND ND 9.89 9.06 

T14 3.46 0.13 ND ND 0.30 0.34 ND ND 9.28 9.24 

T15 3.24 0.12 ND 0.36 0.32 0.28 0.02 ND 9.46 9.28 

T16 4.12 0.12 ND 0.42 0.41 0.40 0.02 ND 10.29 11.04 

T17 3.39 0.18 ND ND 0.31 0.29 ND ND 10.08 10.87 

T18 3.64 0.12 0.01 ND 0.36 0.32 ND 0.01 9.27 9.68 

T19 3.64 0.16 ND 0.24 0.36 0.34 0.01 ND 9.66 10.04 

T20 2.98 0.14 ND 0.04 0.28 0.12 ND ND 9.46 9.06 

T21 3.56 0.10 ND 0.09 0.35 0.28 ND ND 9.32 9.24 

T22 3.98 0.08 ND 0.16 0.38 0.31 ND ND 9.28 9.22 

T23 4.12 0.10 ND 0.34 0.48 0.32 ND 0.01 9.64 9.46 

T24 3.44 0.09 0.01 0.28 0.32 0.18 ND 0.01 9.04 9.12 

Min 2.18 0.06 NA NA 0.03 0.11 NA NA 9.02 7.30 

Max 5.65 0.19 0.01 0.71 0.51 0.58 0.02 0.01 12.25 13.28 

Median 3.64 0.12 0.01 0.34 0.36 0.32 0.02 0.01 9.65 9.39 

Mean 3.70 0.12 0.01 0.33 0.33 0.32 0.02 0.01 9.96 9.97 

SD 0.67 0.04 0.00 0.21 0.12 0.12 0.01 0.00 0.94 1.40 

NA = Not Available 
ND = Not Detectable 

 
                                  Table 4: Concentration of Heavy Metals of Tap-Water Samples Collected outside the Study Area in ppm. 

Sample Mg Mn Cu Zn Fe Pb Cd Ag As Cr 

OT1 0.15 ND ND 0.10 ND ND ND ND 2.40 3.04 

OT2 0.10 ND ND 0.10 ND ND ND ND 1.80 4.10 

OT3 0.18 ND ND ND 0.10 ND ND ND 2.60 1.68 

OT4 0.14 ND ND 0.20 0.10 ND ND ND 1.65 1.26 

OT5 0.14 ND ND 0.15 ND ND ND ND 3.20 4.10 

OT6 ND ND ND 0.10 0.10 ND ND ND 2.20 2.40 

Min 0.10 NA NA 0.10 0.10 ND NA NA 1.65 1.26 

Max 0.18 NA NA 0.20 0.10 NA NA NA 3.20 4.10 

Median 0.14 NA NA 0.10 0.10 NA NA NA 2.30 2.72 

Mean 0.14 NA NA 0.13 0.10 NA NA NA 2.31 2.76 

SD 0.03 NA NA 0.04 NA NA NA NA 0.56 1.20 

NA = Not Available 

ND = Not Detectable 
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                                        Table 5: Current Drinking Water Quality Guidelines (in ppm Or Mg/L) for the Selected Heavy Metals. 

Elements WHOa USEPAb ECEc FTP-

CDWd 

PCRWR
e 

ADW

Gf 

NOM-127e 

Mg 
- - - - - - - 

Mn 
0.100 0.050 0.050 0.050 0.500 0.500 0.150 

Cu 
2.000 1.300 2.000 1.000 2.000 2.000 2.000 

Zn 
5.000 0.500 - 5.000 5.000 3.000 5.000 

Fe 
1.000 0.300 0.200 0.300 - 0.300 0.300 

Pb 
0.010 0.015 0.010 0.010 0.050 0.010 0.010 

Cd 
0.003 0.005 0.005 0.005 0.010 0.002 0.005 

Ag 
0.100 0.100 - - - 0.100 - 

As 
0.010 0.010 0.010 0.010 0.050 0.010 0.025 

Cr 
0.050 0.100 0.050 0.050 0.050 0.050 0.050 

SOURCE: a, World Health Organization (WHO, 2011); b, United Stated Environmental Protection Agency (USEPA, 2011); c, European Commission 

Environment (ECE, 1998); d, Federal-Provincial-Territorial Committee on Drinking Water (CDW), Health Canada (FTP-CDW, 2010); e, Pakistan Council of 

Research in Water (PCRWR, 2008); f, Australian Drinking Water Guidelines (ADWG, 2011); g, Norma Official Mexicana NOM-127-SSA1-1994 (DOF, 1994) 

 

 

Pearson Correlation Analysis 

The Pearson correlation coefficients between the heavy metals concentrations and MS values and between different elements 

are presented in Tables 4 and 5. 
 

                            Table 6: Pearson Correlation Coefficient (R) Matrix for the Selected Heavy Metals in Well-Water. 

Element Mg Mn Ag Zn Cd Pb Cu Fe As Cr 

Mg 1 NA 0.353 0.327 0.126 0.118 0.789 0.780 0.913 0.495 

Mn  1 NA NA NA NA NA NA NA NA 

Ag   1 0.114 0.890 0.245 0.750 0.434 0.373 0.536 

Zn    1 0.924 0.581 0.123 0.775 0.467 0.506 

Cd     1 0.908 0.176 0.591 0.259 0.798 

Pb      1 0.130 0.155 0.247 0.871 

Cu       1 0.645 0.838 0.599 

Fe        1 0.828 0.063 

As         1 0.241 

Cr          1 

NA = Not Available 

ND = Not Detectable 
 
                          Table 7: Pearson Correlation Coefficient (R) Matrix for the Selected Heavy Metals inTap-Water. 

Element Mg Mn Ag Zn Cd Pb Cu Fe As Cr 

Mg 1 0.222 0.141 0.420 0.167 0.534 NA 0.321 0.590 0.556 

Mn  1 0.327 0.084 0.127 0.251 0.255 0.588 0.543 0.706 

Ag   1 0.329 NA 0.760 NA 0.456 0.972 0.940 

Zn    1 0.114 0.141 0.577 0.145 0.385 0.288 

Cd     1 0.760 NA 0.283 0.972 0.940 

Pb      1 0.760 0.415 0.889 0.933 

Cu       1 0.871 0.972 0.940 

Fe        1 0.326 0.617 

As         1 0.994 

Cr          1 

NA = Not Available 

ND = Not Detectable 
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Figure 2: Mean concentration of selected heavy metals in well-water and tap-water within and outside the study area. 
 

 
      Figure 3: Mean concentration of As and Cr in well-water and tap-water within and outside the study area. 
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III.  DISCUSSION 

The mean concentrations of As within the study area are 

24.44 and 9.96 ppm for well and tap water respectively while 

the mean concentrations outside the area are 9.30 and 2.31 ppm 

for well and tap water respectively. These values are well 

above the WHO recommended limit for consumption. This 

could lead to Arsenic poisoning if consumed over a long period 

of time. Symptoms of arsenic poisoning begin with headaches, 

confusion, severe diarrhea, and drowsiness. As the poisoning 

develops, convulsions and changes in fingernail pigmentation 

called leukonychiastriata may occur. When the poisoning 

becomes acute, symptoms may include diarrhea, vomiting, 

blood in the urine, cramping muscles, hair loss, stomach pain, 

and more convulsions (Tseng et al., 2003; smith et al., 1992). 

 The organs of the body that are usually affected by arsenic 

poisoning are the lungs, skin, kidneys, and liver. The final 

result of arsenic poisoning is coma and death. For Cr within 

the study area the mean concentrations are 14.32 and 9.97 ppm 

for well and tap water respectively while the mean 

concentrations outside the area are 6.94 and 2.76 ppm for well 

and tap water respectively. These values too exceeds the WHO 

permitted limit in drinking water. It has been reported that long 

term exposure to Cr can cause damage to liver, kidney 

circulatory and nerve tissues, as well as skin irritation (Tseng 

et al., 2003; smith et al., 1992). For Zn within the study area 

the mean concentrations are 1.54 and 0.33 ppm for well and 

tap water respectively while the mean concentrations outside 

the area are 0.18 and 0.13 ppm for well and tap water 

respectively.  

The permissible limit of zinc in water according to WHO 

standards is 5 ppm. In all the collected water samples 

concentration of zinc was recorded below the permissible 

limit. For Mg within the study area the mean concentrations 

are 1.43 and 3.70 ppm for well and tap water respectively while 

the mean concentrations outside the area are 0.22 and 0.14 ppm 

for well and tap water respectively. For Fe within the study 

area the mean concentrations are 0.64 and 0.33 ppm for well 

and tap water respectively while the mean concentrations 

outside the area are 0.12 and 0.10 ppm for well and tap water 

respectively. Excess amount of iron (more than 10 ppm) is 

reported to causes rapid increase in pulse rate and coagulation 

of blood in blood vessels, hypertension and drowsiness 

(Adepoju-Bello and Alabi, 2005; WHO, 2008; Lawrence, 

2014).  

In all the collected water samples, the concentration of Fe 

is below the 1.00 ppm the permissible limit according to WHO. 

For Pb within the study area the mean concentrations are 0.25 

and 0.32 ppm for well and tap water respectively while the 

mean concentration outside the area is 0.10 ppm for well water 

and below the detectable limit for tap water. Lead is a 

commutative poison and a possible human carcinogen. The 

concentration of Pb is above the permissible limit in drinking 

water, so people consuming the water should be worried of its 

bioaccumulation over time as higher concentrations of Pb can 

even cause irreversible brain damage (Bakare-Odunola, 2005; 

WHO, 2008; Lawrence, 2014). In addition, Lead may cause 

the development of autoimmunity in which a person’s immune 

system attacks its own cells. This can lead to joint diseases and 

ailment of the kidneys, circulatory system and neurons 

(Bakare-Odunola, 2005).  

For Cd within the study area the mean concentration is 

0.05 and 0.02 ppm for well and tap water respectively while 

the mean concentration outside the area is below detectable 

limit for both well and tap water. Cadmium exposure produces 

kidney damage and hypertension. For Cu within the study area, 

the mean concentration is 0.05 and 0.01 ppm for well and tap 

water respectively while the mean concentration outside the 

area is below detectable limit for both well and tap water. For 

Ag within the study area, the mean concentration is 0.02 and 

0.01 ppm for well and tap water respectively while the mean 

concentration outside the area is below the detectable limit for 

both well and tap water. And for Mn within the study area, the 

mean concentration is below detectable limit for well water 

and 0.02 ppm tap water while the mean concentration outside 

the area is below the detectable limit for both well and tap 

water.  

For the well-water samples within the study area, the 

result show that the mean concentration of the heavy metals 

decreases in the order As > Cr > Zn > Mg > Fe > Pb > Cd > 

Cu > Ag > Mn while that of the tap-water is in order As > Cr 

> Mg > Zn > Pb > Fe > Mn > Cd > Ag > Cu (see figures 2 and 

3). These mean concentrations within the study area are much 

higher than the mean concentrations outside the study. This 

implies that the concentration of these selected heavy metals is 

enhanced by the mining activities. The concentrations of 

Arsenic (As) and Chromium (Cr) in both well and tap water 

are much higher than other selected heavy metals. This may 

partly be due to the local geology of the study area as higher 

values were evident even outside the study area and also due 

to the fact that Arsenic can be recovered from processing of 

ores containing mostly copper, lead, zinc, silver and gold. It is 

also present in ashes from coal combustion. Also, Arsenates 

can be leached easily if the amount of reactive metal in the soil 

is low (Smith et al., 1995; UNEP, 1997; Lawrence, 2014).  

Arsenic (V) can also be mobilized under reducing 

conditions that encourage the formation of Arsenic (III), under 

alkaline and saline conditions, in the presence of other ions that 

compete for sorption sites, and in the presence of organic 

compounds that form complexes with arsenic (Smith et al., 

1995; Barakat et al., 2012). Major sources of Cr contamination 

include releases from electroplating processes and the disposal 

of chromium containing wastes (Smith et al., 1995; UNEP, 

1997; McMurry and Fay, 2004; Mendie, 2005). This explains 

the enhanced Chromium concentrations observed within the 

study area as soluble and unadsorbed chromium complexes 

can leach from soil into groundwater (Smith et al., 1995; 

McMurry and Fay, 2004; Mendie, 2005; Yu et al., 2014). 

Expectedly, the concentration of some of the metals 

investigated is higher than their maximum permissible limit for 

consumption (see Table 3). Study by the United States Food 

and Drug Administration and Control (2003) and United 

Nations Environment Program (1997) reveals similar 

observations. For the well-water samples, As, Cr, Pb, Cd, and 

Mg have their mean concentrations higher than their 

permissible limit for consumption. Similar result was observed 

in tap-water samples. 
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The correlation analysis between the selected heavy 

metals was conducted, the results were classified according to 

the correlation coefficient r (Yu and Hu, 2005), as follows: 

0.8 ≤ |r| ≤ 1 suggests a strong correlation; 

0.5 ≤ |r| < 0.8 suggests a significant correlation; 

0.3 ≤ |r| < 0.5 suggests a weak correlation; and 

|r| < 0.3 suggests an insignificant correlation. The resulting 

correlation analysis for well-water demonstrated that Zn/Cd (r 

= 0.942), As/Mg (r = 0.913), Cd/Pb (r = 0.908), Ag/Cd (r = 

0.890), Pb/Cr (r = 0.871), Cu/Fe (r = 0.838) and Fe/As (r = 

0.828) were strongly correlated whereas Cd/Cr (r = 0.798), 

Mg/Fe (r = 0.789), Mg/Cu (r = 0.780), Zn/Fe (r = 0.775), 

Ag/Cu (r = 0.750), Cu/Fe (r = 0.645) and Cu/Cr (r = 0.599) 

gives significant correlation while others shows insignificant 

correlation. Similar result were observed in tap-water (see 

Tables 4 and 5).  This follows that the selected heavy metals 

have common pollution source believed to be related to the 

process of mineral extraction, processing, smelting and 

refining activities at the study area.  

IV.  CONCLUSION 

The results of this study show that the concentration of 

some of the metals investigated is higher than their maximum 

permissible limit for consumption. For the well-water samples 

within the study area, the result shows that the mean 

concentration of the heavy metals decreases in the order As > 

Cr > Zn > Mg > Fe > Pb > Cd > Cu > Ag > Mn while that of 

the tap-water is in order As > Cr > Mg > Zn > Pb > Fe > Mn > 

Cd > Ag > Cu. These mean concentrations within the study 

area are much higher than the mean concentrations outside the 

study area. This implies that the concentration of these selected 

heavy metals is enhanced by the mining activities. Hence, the 

Well and Tap water are significantly affected by the process of 

mineral extraction, processing, smelting and refining activities 

at the study area.  

Therefore, it is recommended that mining companies 

should treat their wastes by precipitating out metals thus 

reducing their mobility through seepage. Construction of 

ponds with adequate retention times that can enhance the 

removal and retention of metals is also suggested. 
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