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I. INTRODUCTION. 
Water is one of the most indispensable 

natural resources for sustaining life and 

environment balance. It serves multiple purposes, 

including domestic, industrial, and agricultural uses. 

However, the quality of water resources across the 

world has been increasingly threatened by various 

anthropogenic activities such as industrialization, 

social process, and most importantly, mining 

(World Health Organization [WHO], 2017). 

Mining activities often contribute to environmental 

degradation through the release of poisonous 

substances, including heavy metals, into the 

surrounding ecosystem (Adamu et al., 2019). 

Heavy metals are metallic elements with 

higher in atomic weight and density greater than 5 

g/cm³, such as lead (Pb), cadmium (Cd), chromium 

(Cr), mercury (Hg), arsenic (As), nickel (Ni), and 

zinc (Zn) (Ali et al., 2019). Unlike organic 

pollutants, heavy metals are non-biodegradable and 

can accumulate in living organisms, leading to 

bioaccumulation and biomagnification in the food 

chain (Nwankwoala & Amadi, 2016). Prolonged 

exposure to heavy metals through drinking water 

has been linked to stern health problems including 

kidney damage, neurological disorders, and various 

cancers (Adewuyi et al., 2020). 

In Nigeria, mining is a predominately 

source of income and employment but has led to 

widespread environmental contamination, 

especially in areas with deficient mining waste 

management systems (Olade, 2018). Kogi State, 

located in the North-Central region of Nigeria, is 

rich in mineral deposits such as iron ore, limestone, 

marble, and tantalite (Obaje, 2019). In Ilu-Agba, 

Mopa area of Kogi State, artisanal and small-scale 

mining activities have increased significantly in 

recent years. These activities are often conducted 

without proper environmental precaution, resulting 

in contamination of nearby water sources used for 

domestic consumption (Olatunji et al., 2021). 

Several studies have reported elevated 

concentrations of heavy metals in surface and 

groundwater within mining location of Nigeria 

(Ipeaiyeda & Dawodu, 2019; Ogundele et al., 

2020). Such contamination poses a serious public 

health endangerment to local communities that rely 

on untreated water sources for drinking and 

household usage. Therefore, the assessment of 

heavy metal pollution in drinking water in Ilu-Agba, 

Mopa is critical to understanding the extent of 

contamination, identifying possible sources, and 

developing strategies for contamination control and 

public health protection. 

 

1.2 Statement of the Problem 

Mining activities, particularly artisanal 

and small-scale operations, produce important 

quantities of waste materials, including tailing and 

effluents, that can leach into nearby water bodies 

(Adedeji & Olayinka, 2020). In Ilu-Agba, Mopa, 

local dwellers in the that axis rely heavily on 

groundwater and surface water for drinking and 

domestic uses. There is increasing concern among 

community members about the quality and safety 

of these water sources due to observed changes in 

taste, colour, and odour. 

Heavy metals such as lead, cadmium, iron, 

and zinc, when present above permissible limits, 

pose serious health hazard (WHO, 2017). 

Fortunately, there is limited documented data on 

the extent of heavy metal contamination in the 

drinking water sources of Ilu-Agba, despite 

ongoing mining activities in the area. Without 

proper assessment, communities remain exposed to 

potential toxic effects, and regulatory agencies lack 

the information necessary to design effective 

remedy or policy interventions. 

Therefore, this study seeks to assess the 

levels of selected heavy metals in drinking water 

sources within Ilu-Agba, Mopa, Kogi State, and to 

evaluate the potential health risks associated with 

such contamination. 
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II. METHODOLOGY 
 Research Design 

This study adopted an experimental and 

descriptive research design. The experimental 

aspect involved collecting and analyzing water 

samples from various sources within the mining 

communities to ascertain the concentration of 

selected heavy metals. The descriptive aspect 

helped in assessing the extent of contamination and 

comparing the results recorded with national and 

international drinking water quality standards (such 

as WHO and SON guidelines). 

 

Study Area 

The research was carried out in Ilu-Agba, 

Mopa, located in Mopa-Muro Local Government 

Area of Kogi State, Nigeria. The area lies within 

the north-central region of the country and is 

known for artisanal and small-scale mining of 

minerals such as limestone, granite, and laterite. 

The human activity has led to environmental 

degradation, most especially water pollution. The 

community depends largely on hand-dug wells, 

boreholes, and streams for domestic water supply. 

 

Sampling Techniques and Sample Locations 

A purposeful sampling technique was 

used to select sampling sites based on proximity to 

mining sites and human settlements. A total of six 

(6) water sampling points were identified: for this 

research. The sample points include; 

Two (2) hand-dug wells near mining pits 

Two (2) boreholes located within residential areas 

Two (2) surface water bodies (streams) receiving 

runoff from mining zones 

A control sample was also collected from a non-

mining area located approximately 5 km away from 

mining activities to serve as a baseline reference. 

 

Sample Collection 

Water samples were collected using clean, 

sterilized 1-liter polyethylene bottles. Before 

collection, each container was rinsed three times 

with the sample water. Samples were taken at a 

depth of about 20–30 cm below the surface to 

avoid surface contaminants. Immediately after 

collection, nitric acid (HNO₃) was added to each 

sample to preserve the metals in solution and 

prevent precipitation. The samples were then stored 

in iceboxes and transported to the laboratory for 

analysis. The following heavy metals were 

analyzed: Lead (Pb), Cadmium (Cd), Zinc 

(Zn),Iron (Fe),Copper (Cu),Manganese (Mn) 

 

Table 1.0 show the sample identity and 

description 

Sample ID  Description  

W1 Well near mine 

W2 Stream near mine 

W3 Borehole near mine 

W4 Stream down stream 

W5 Residential well 

W6 Borehole farthest  

C1 Control site 

WHO (Limit 2017) - 

SON (Limit 2017) - 

 

Analytical Methods 

The determination of metal concentration 

was carried out using Atomic Absorption 

Spectrophotometry (AAS) after acid digestion of 

the samples. 

Digestion Procedure: 100 ml of each 

sample was measured into a beaker and 5 ml of 

concentrated nitric acid was added. The mixture 

was heated gently until the volume reduced to 

about 20 ml. It was then filtered and diluted to 100 

ml with distilled water. 

AAS Measurement: The digested samples 

were aspirated into the AAS, and absorbance 

values were recorded for each metal. Calibration 

curves were obtained using standard solutions of 

known concentrations. 

 

Data Analysis 

Data obtained from the laboratory were 

statistically analyzed using descriptive statistics 

(mean, range, and standard deviation). Analysis of 

variance (ANOVA) was used to determine 

significant differences between metal 

concentrations in different water sources. The 

results were presented in tables, charts, and graphs 

for clarity. Contamination levels were evaluated 

using indices such as: 

Contamination Factor (CF) 

Pollution Load Index (PLI) to assess the degree of 

pollution in each sampling site. 

CF =
Csample

Cbackgroud
 

Where Csample  is the concentration in the test site 

and Cbackground is the control concentration . 

Pollution load index (PLI)  is given as  

PLI = (CF1  x CF2 x C F3 x CFn)
1/n
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III. DATA PRESENTATION, 

ANALYSIS AND DISCUSSION 
The results obtained from the laboratory 

analysis of water samples collected and recorded 

from various locations in Ilu-Agba, Mopa, Kogi 

State was presented in table 2.0 . The study 

assessed the concentration of selected heavy metals 

(Pb, Cd, Zn, Fe, Cu, and Mn) in drinking water 

sources (wells, boreholes, and surface water) and 

was compared them with the World Health 

Organization (WHO, 2017) and Standards 

Organization of Nigeria (SON, 2015) with 

permissible limits for drinking water. The findings 

are discussed in relation to possible pollution 

sources, particularly mining activities in the study 

area. 

 

Data Presentation of Results 

Table 2.0 shows the mean concentration (in Mg/L) of heavy metals in the various water samples collected 

from six locations (W1–W6) and one control site (C1). 

Sampling 

location   

Pb(Mg/L) Cd(Mg/L) Zn(Mg/L) Fe(Mg/L) Cu(Mg/L) Mn(Mg/L) 

W1 0.11 0.01 0.64 1.24 0.08 0.36 

W2 0.15 0.02 0.57 1.48 0.11 0.40 

W3 0.10 0.01 0.42 1.10 0.08 0.28 

W4 0.18 0.02 0.55 1.60 0.12 0.42 

W5 0.08 0.01 0.46 0.95 0.07 0.22 

W6 0.07 0.01 0.38 0.80 0.06 0.18 

C1 0.01 0.00 0.28 0.35 0.04 0.10 

WHO 

(Limit 2017) 

0.01 0.003 3.00 0.30 2.00 0.10 

SON  

(Limit 2017) 

0.01 0.003 3.00 0.30 2.00 0.10 

 

Comparison of Results with WHO and SON 

Standards 

The concentrations of Pb, Cd, Fe, and Mn 

in most samples exceeded both WHO and SON 

permissible limits for drinking water. On the other 

hand, Zn and Cu levels were below the acceptable 

limits in all samples. This indicates possible 

contamination from mining and related activities, 

which release heavy metals into soil and water 

bodies in the region. 

 

Spatial Distribution of Heavy Metals 

The highest concentrations of lead (Pb) 

and iron (Fe) were observed in water samples 

collected closest to the mining sites (W1, W2, and 

W4).The control sample (C1) showed very low 

concentrations of all metals, confirming that 

contamination is localized around mining zones. 

Concentrations decreased with increasing distance 

from the mining area, showing a clear spatial 

pollution gradient as recorded  

Statistical Summary 

Table 3.0 Descriptive statistical analysis (mean, standard deviation, and range) was performed for each 

heavy metal as shown in the table below 

Metal Mean (Mg/L) Range (Mg/L) Stand.Dev WHO Limit 

Pb 0.10 0.01 - 0.18 0.05 0.01 

Cd 0.01 0.00 - 0.02 0.01 0.003 

Zn 0.47 0.28 - 0.64 0.13 3.00 

Fe 1.21 0.35 - 1.60 0.38 0.30 

Cu 0.08 0.04 - 0.12 0.03 2.00 

Mn 0.28 0.10-0.42 0.11 0.10 

 

The statistical data confirmed from the table that 

Pb, Fe, and Mn are the major contaminants 

exceeding permissible limit 

 

 

IV. DISCUSSION OF FINDINGS 
Lead (Pb) 

Lead concentrations (0.07–0.18 mg/L) 

were above the WHO limit of 0.01 mg/L in all 

mining-related sites. The elevated levels of Pb can 
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be attributed to mine tailings, leaching of ores, and 

improper waste disposal. Prolonged consumption 

of such contaminated water poses serious health 

risks such as neurological damage, kidney 

malfunction, and anemia. 

 

 Cadmium (Cd) 

Cadmium levels ranged from 0.00 to 0.02 

mg/L, which also exceeded the WHO limit (0.003 

mg/L). Cadmium pollution likely originates from 

metallic waste and battery residues associated with 

mining operations. Cadmium exposure can cause 

bone fractures, kidney damage, and carcinogenic 

effects in humans. 

 

 Zinc (Zn) 

Zinc concentrations (0.28–0.64 mg/L) 

were below the WHO limit (3.00 mg/L), suggesting 

that zinc contamination is minimal. Though Zn is 

an essential micro nutrient, excessive levels can 

cause gastrointestinal irritation. Its presence at safe 

levels may indicate moderate mineral dissolution 

rather than pollution. 

 

Iron (Fe) 
Iron was found in high concentrations 

(0.80–1.60 mg/L), exceeding the acceptable limit 

of 0.30 mg/L. The elevated Fe levels may result 

from the oxidation of iron-bearing minerals during 

mining or corrosion of metal pipes. While iron is 

not highly toxic, it affects the aesthetic quality of 

water, causing coloration and taste issues. 

 

 Copper (Cu) 

Copper concentrations (0.04–0.12 mg/L) 

were far below the WHO limit (2.00 mg/L), 

indicating no significant copper contamination. 

However, the slight presence could be due to 

leaching of copper-bearing rocks or plumbing 

materials. 

 

Manganese (Mn) 

Manganese concentrations (0.18–0.42 

mg/L) exceeded the WHO limit (0.10 mg/L) in all 

sites near mining areas. The high Mn content may 

be linked to weathering of manganese ores and 

erosion from mining waste. Chronic exposure can 

cause neurological problems similar to Parkinson’s 

disease. 

 

 Pollution Assessment Indices 

CF values greater than 1 indicate 

contamination. Pb, Fe, and Mn had CF values 

above 3, confirming high contamination levels due 

to mining activities. The calculated PLI > 1 for 

most sampling points signifies overall pollution in 

the drinking water sources within Ilu-Agba. The 

concentrations of Pb, Cd, Fe, and Mn exceeded 

WHO and SON drinking water limits, indicating 

contamination linked to mining activities. 

Boreholes and wells closer to mining sites showed 

higher heavy metal levels than distant sources. Zinc 

and copper concentrations were within acceptable 

limits. Pollution indices confirmed that water 

sources in Ilu-Agba are significantly affected by 

mining operations. Continuous exposure to these 

metals may pose serious health risks to the local 

population. 

 

V. CONCLUSION 
This research examined the assessment of 

heavy metals pollution in drinking water due to 

mining activities in Ilu-Agba, Mopa, Kogi State, 

Nigeria. The study was designed to evaluate the 

extent of contamination of selected heavy metals 

— Lead (Pb), Cadmium (Cd), Zinc (Zn), Iron (Fe), 

Copper (Cu), and Manganese (Mn) — in drinking 

water sources within and around mining areas. 

The study concluded that drinking water 

sources in Ilu-Agba, Mopa, are contaminated with 

heavy metals—particularly lead, cadmium, iron, 

and manganese—due to intensive mining activities. 

The concentrations of these metals exceeded the 

acceptable limits prescribed by both WHO and 

SON standards, rendering most of the water 

sources unsuitable for direct human consumption 

without prior treatment. 

The pollution trend observed clearly 

demonstrates that mining operations have a direct 

impact on the surrounding environment, especially 

on surface and groundwater quality. This calls for 

urgent environmental management intervention to 

safeguard public health and ensure sustainable 

exploitation of natural resources in the area. 
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