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ABSTRACT 

  

There is a widespread belief that mining activities have serious negative consequences on 

the environment, particularly groundwater quality. Based on this, groundwater quality in 

Funakaye area was investigated because mining operations had occurred there for a long 

time. This study was aimed at analyzing the quality of groundwater in Funakaye, with 

emphasis on heavy metal contamination. Groundwater samples were obtained from three 

boreholes in triplicate, and analysed for heavy metal concentration using Atomic 

Absorbtion Spectrophotometer (AAS) machine. The concentrations were compared to the 

WHO and NESREA standard limits for quality drinking water. The results showed that 

heavy metal concentrations in the boreholes were generally high, with Fe ranging from 

0.369mg/l to 0.490mg/l, Cd ranging from 0.008mg/l to 0.011mg/l, Cr ranging from 

0.489mg/l to 0.793mg/l, Pb ranging from 0.181mg/l to 0.428mg/l, and As ranging from 

0.748mg/l to 1.115mg/l, thus exceeding the WHO and NESREA recommended limits. Zn 

and Cu concentrations in the samples were found to be lower than the recommended limits 

for drinking water, with Zn ranging from 0.009mg/l to 0.178mg/l and Cu from 0.063mg/l 

to 0.102mg/l. The concentrations obtained for the parameters studied revealed that the 

sampled boreholes in Funakaye have characteristics of heavy metal contamination in 

groundwater. Using water from these sources for domestic purposes, including drinking, 

may lead to fatal cases of arsenic poisoning, cancer, tissue damage, anaemia and 

neurodegenerative diseases and the study recommends that a continuous water monitoring 

programme be developed to check and ensure appropriate actions are implemented, as well 

as the drilling of deep motorised boreholes far away from the contaminant site. In addition, 

the government should raise community awareness of potential hazards of environmental 

pollution. 
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INTRODUCTION 

Water and sanitation are fundamental needs for 

life on Earth (Mara and Evans, 2011). 

According to the United Nations Sustainable 

Development Goals on Water and Sanitation, 

around 2.4 billion people worldwide live in 

regions designated as experiencing water stress 

(UN SDGs Report, 2023). The availability of 

water resources, both in terms of quantity and 

quality, is critical for addressing resource 

sustainability. The rapid increase in global 

population growth has led to heightened food 

production, thereby exerting significant 

pressure on water resources (Kalaivanan et al., 

2017). Recently, individuals have turned to 

groundwater for drinking purposes, 

particularly in poorer nations (Massally et al., 

2017). Observations indicate an increased 

dependence on groundwater supplies due to 

quality concerns related to surface water use. 

The quality of groundwater varies regionally 

due to geogenic and anthropogenic influences 

(Annapoorna and Janardhana, 2015), 

necessitating an evaluation of water quality for 

its intended application. The assessment of 

groundwater quality is crucial for socio-

economic advancement (Ishaku, 2011). The 

assessment of water quality for human 

consumption, agricultural, and industrial 

purposes has received insufficient attention, 

particularly in developing countries such as 

Nigeria. The chemical composition of water 

can render it unsuitable for human 

consumption, potentially resulting in health 

issues. Recent studies have highlighted the 

significance of groundwater quality in relation 

to human health (Vasanthavisar et al., 2010). 

In developing countries, 80% of diseases are 

directly associated with inadequate drinking 

water and unsanitary conditions (UNESCO, 

2006). 

Mining activities may cause detrimental 

changes to the ecosystems of adjacent 

communities. These changes impact 

populations not only via life-threatening 

diseases but also through the degradation of 

essential natural resources like groundwater. 

Groundwater is an important resource for 

billions of people globally, used largely for 

drinking, household chores, industrial and 

agricultural purposes. However, this critical 

resource is sometimes severely contaminated, 

owing mostly to industrial discharge, 

agricultural runoff, and insufficient waste 

management techniques. Heavy metals such as 

Arsenic, Iron, Manganese, Lead, as well as 

nitrates, offer major health concerns and 

environmental damage (Argos et al., 2010; 

Chakraborti et al., 2015; Ghosh et al., 2020; 

Islam and Mostafa, 2021; Chakraborty et al., 

2022).  Groundwater contamination by heavy 

metals arises from the normal weathering of 

mineral-bearing rocks and human activities. 

These activities, including coal mining, 

mineral extraction, industrial discharge, and 

fertilizers, substantially contribute to the 

contamination of groundwater with heavy 

metals (Gupta and Nikhil, 2016). Groundwater 

contaminants originate from both point 

sources, such as mining spills, and non-point 

sources, such as agricultural waste. Mine 

wastes produce Acid Mine Drainage (AMD), 

which contains elevated levels of Sulphide-

bearing compounds and has the potential to 

migrate offsite (Hakkou et al., 2008; Khalil et 

al., 2013; Obasi and Akudinobi, 2015; Moye et 

al., 2017; Obiora et al., 2018; Rahman and 

Ferdos, 2024). Sulphide ores, such as galena, 

consist of heavy metal constituents, notably 

Lead, Mercury, Copper, Manganese, Zinc, 

Nickel, Cobalt, Arsenic, Selenium, 

Molybdenum, Chromium, Silver, and 

Vanadium (Davies et al., 2005; El Amari et al. 

2014). Certain heavy metals are either required 

nutrients, such as Cobalt and Zinc, or 

comparatively innocuous, like Silver. 

Conversely, substances such as Cadmium, 

Mercury, and Lead are very toxic. 

The mining process, which includes drilling, 

extraction, and dewatering, as well as leaching 

from waste rock heaps and tailing dams, 

causes changes in water quality and quantity. 

Miners inject contaminants directly into water 

bodies, causing water pollution (Ali et al., 

2018). The mining operations in the study area 

have a negative impact on the health of the 

Funakaye population, resulting in conditions 

such as kidney stones and abdominal 

discomfort. These illnesses are caused by the 

pollution of groundwater that people 

commonly consume. In some areas, 

community members experience incidents of 

greenhouse gas emissions due to industrial and 

mining activity, resulting in cough and throat 

discomfort. The extent of contamination 

caused by mining activities in Funakaye 

L.G.A. is challenging to assess due to 

insufficient pre-mining groundwater quality 

data, lack of enforcement of regulations, and 

community awareness programmes. The 
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objective of this study is to determine the 

heavy metal concentration and pollution of 

groundwater due to mining activities from 

selected boreholes in Funakaye L.G.A., 

Gombe State. 

Hydrogeology 

Groundwater is a crucial resource for drinking 

water, irrigation, and industrial purposes, 

particularly in areas with scarce surface water 

(Delgado et al., 2010; Ghalib, 2017). The 

chemistry of groundwater determines its 

consumptive use, including domestic, 

agricultural, and industrial purposes (Krishna 

Kumar et al., 2014). However, population 

growth and industrialization have led to 

intense stress on groundwater resources, 

making some water unwholesome for human 

consumption (Tiwari et al., 2015; Khan and 

Jhariya, 2017). The study area's primary water 

supply is groundwater, and there is a rapid 

increase in number of boreholes to meet 

demand. Groundwater recharge takes place 

through direct seepage or infiltration, which 

originates from rivers due to their hydraulic 

contact. Groundwater circulation is localized 

due to hills serving as groundwater divides and 

circulates through quartz veins and fissures, 

known as fault-brecciated zones. The speed of 

groundwater circulation is unknown, and 

domestic wells may not have received 

pollutants yet. Mining waste pollution in the 

area can negatively impact users' health, as 

Sulphide oxidation leads to low pH in water, 

resulting in the dissolution of metals in 

groundwater (Muthuminal and Mohana Priya, 

2022). 

Occurrence of Groundwater Contamination 

Groundwater is considered a reliable source of 

fresh water, and its availability is usually 

regulated by aquifer characteristics, 

topography, subsurface activities, climate, and 

several geochemical processes. The major 

Emerging Contaminants (ECs) come from 

heavy metals, antibiotics, fire retardants, 

pesticides, sunscreens, disinfection byproducts, 

and sediment (Pradhan et al., 2023). Ground 

water contamination can originate from natural 

(geogenic) or anthropogenic sources. Geogenic 

Groundwater Contaminants (GGCs) have an 

impact on drinking water availability and 

safety, with up to 60% of groundwater sources 

in some places polluted at higher rates than 

recommended. As a result, an estimated 300-

500 million people are at danger of serious 

health consequences and early death. The most 

common forms of geogenic contamination 

with human health impacts are elevated 

concentrations of heavy metals such as arsenic, 

lead, nickel and fluoride (Mukherjee et al., 

2024). 

Contaminants Migration in Groundwater 

Groundwater contamination has long been a 

global issue. Contaminants travel and change 

in soil and groundwater ecosystems, posing 

possible environmental dangers to humans. 

Groundwater contamination can result from 

both point and non-point sources, such as 

mining spills and agricultural waste (Zhao et 

al., 2024). Contaminants enter the groundwater 

through the unsaturated soil zone to the water 

table, which determines the amount of material 

that should enter the water from the soil 

surface (USGS, 2008). Groundwater 

contamination is on the rise globally due to 

industrialization and human activities, and 

these contaminants can be categorized into 

three main types: chemical contaminants, 

biological contaminants, and radioactive 

contaminants. Although they may be roughly 

divided into three categories: chemical 

contaminants, biological contaminants, and 

radioactive contaminants. These contaminants 

can originate from both natural and 

anthropogenic sources (Elumalai et al., 2020). 

Natural causes of groundwater pollution 

include saltwater, brackish water, low-quality 

surface waters, and mineral deposits. Human 

activities, such as aquifer depletion leading to 

saltwater intrusion, acid mine drainage from 

mineral resource exploitation, and hazardous 

chemical leaching from excessive irrigation, 

can disrupt the natural environmental balance, 

potentially leading to serious contamination of 

these natural sources (Li et al., 2018; Su et al., 

2020; P. Li et al., 2021). 

Heavy Metals 

Heavy metal concentration in water is essential 

to determining the role of mining activities on 

water quality. Metals are essential components 

of human physiology; however, some are 

needed in minute quantities. Higher 

concentrations of these metals can lead to a 

multitude of health issues (Mshelia et al., 

2024; Singh et al., 2024). Heavy metals are the 

common pollutants, which are widely 

distributed in the environment. As the world's 

population grows, advancement and 

industrialisation accelerate, becoming one of 

the primary causes of water pollution. Water is 

polluted by increased concentrations of heavy 
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metals and metalloids released from mine 

tailings, disposal of high metal wastes, 

growing industrial areas, leaded petrol and 

paints, inland fertilizer use, animal manures, E-

waste, sewage sludge, pesticides, wastewater 

irrigation, coal and so on (Anubhav et al., 

2022). The level of these metals in the area has 

increased in the past decades as a result of 

human activities such as mining. Heavy metals 

are a major source of Acid Rock Drainage 

(ARD) indicators in natural waters due to 

mining and industrial waste disposal and are 

considered highly toxic to aquatic organisms. 

Due to their non-biodegradability, these 

elements' compounds remain suspended or 

partially dissolved in water columns, leading to 

their accumulation in many aquatic organisms 

(Luo et al., 2020; Hu et al., 2022). 

 

MATERIALS AND METHODS 

The Study Area 

Funakaye local government area, is in Gombe 

State, which is in the northeast geopolitical 

division of Nigeria. The town of Bajoga serves 

as the headquarters of the LGA, and the area 

encompasses several towns and villages, 

including Ashaka, Maraba, Bajoga, Tango, 

Wawa, and Kupto. The area has a history of 

limestone and gypsum mining activities. 

Currently, Ashaka Cement Industry operates a 

large-scale mining company that mines 

gypsum and limestone in the area. Funakaye 

LGA shares borders with the Gongola River 

and the Dadin Kowa Lake and is home to the 

Funakaye Emirate. The LGA boasts an 

estimated population of 327,300 (NPCN, 

2016) inhabitants, with the most populous 

ethnic affiliation in the area being members of 

the Hausa and Fulani ethnic groups.

 

 
Fig 1: Location of the study area (Source: Google Map, 2021)   

Funakaye LGA sits on an area measuring 

1,275 km2 (NBS, 2016) and witnesses two 

major seasons: the dry and wet. The average 

temperature in the area is 33 degrees Celsius, 

while humidity levels average 21 percent. The 

soils in the study area consist mainly of clay 

with fewer patches of laterite, mostly in hilly 

areas. Farming is a major economic activity for 

the people of Funakaye LGA, with crops such 

as sorghum, maize, beans, and millet grown in 

the area. The LGA has substantially large 

deposits of minerals such as gypsum, 

bentonite, and limestone. The area also hosts 

the Lafarge Africa-owned Ashaka cement 

plant, which contributes massively to the 

economic development of the region. 

Sample Collection 

Three sampling sites were selected using the 

global positioning system, GPS, as shown in 

Table 1. The distance from the mining site to 

the first point (i.e., from the mining site to 

Mangari) is about 7.54 km; from Mangari to 

Julahi is 1.939 km; and from Julahi to Mangha 

is 4.085 km. 
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Table 1: Locations of the sampled boreholes by GPS.      

Location Sample ID Latitude (N) Longitude (E) 

Mangari BB 1 10.7841967 11.3798433 

Julahi BB 2 10.7792133 11.3968550 

Mangha BB 3 10.8059367 11.4225233 

 

 
Fig. 2: Ground Sampling Point within the Study Community (Source: Google Map 2021) 

 

Groundwater Sampling 

Three groundwater sources (boreholes) 

designated for potable consumption were 

identified. Each point was sampled three times, 

with a four-day interval between each sample 

collection. The sample sites were assigned 

names and serial numbers according to their 

locations inside Funakaye. All samples were 

obtained from operational boreholes. The 

samples were collected in 75cl washed, high-

density polyethylene containers. To avoid 

external contamination during the sample 

collection, the following measures were taken: 

a. The samples were obtained directly from the 

boreholes after allowing the water to run for at 

least 5 minutes (Reimann et al., 2003). 

b. All the sampling containers were rinsed three 

times with the very water to be sampled before 

every sample was collected. 

c. Changing of hand gloves after each event to 

avoid cross contamination. 

d. Before capping, we filled the sample bottles 

completely to ensure there was no air space 

left. This was done to prevent the water from 

mixing with the air during the sampling 

process. 

Sample Preservation  

Water samples meant for the heavy metal 

analysis were acidified with 1 ml HNO3 to 

achieve a pH of 2.0. The addition of acid to the 

water sample was to keep the metal ions in the 

dissolved state as well as to prevent microbial 

activities (APHA, 2005). The samples were 

kept in an ice chest loaded with ice blocks, 

transported to the laboratory, and stored in a 

refrigerator at 4oC until they were analyzed.  

Heavy Metal Analysis 

Nine samples were taken and placed in 75cl 

plastic bottles and transported to the 

Department of Soil Science, Ahmadu Bello 

University, Zaria for heavy metal analysis. The 

test was conducted using Varian AA 240FS 

Atomic Absorption Spectrophotometer (AAS) 

machine. The 75cl unfiltered water sample was 

transferred into a 1000ml beaker, to which 2 

ml of concentration HNO3 was added and 

heated to boil on a hot plate until the volume 

was reduced to about 15-20 ml. This was 

cooled and transferred to a volumetric flask 
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and made up to the mark. Standard solutions of 

suitable strength for individual metals were 

prepared. The blank, standard solutions, and 

samples were aspirated into the flame atomic 

absorption spectrophotometer. The calibration 

curves were plotted, and the concentration of 

the samples were obtained by extrapolation. 

Preparation of Calibration Curve 
To determine the concentration of heavy 

metals in the sample solution, calibration 

curves were created. A variety of working 

standards were used to calibrate the device. 

Each metal's working standard solutions were 

made from standard solutions of their 

respective metals, and their absorbencies were 

determined using Atomic Absorption 

Spectrometry (AAS). By graphing absorbance 

as a function of metal standard concentration, a 

calibration curve for each metal ion to be 

examined was created. 

 

Table 2: Graphite Furnace AAS (GF-AAS) Detection Limits (µg/L or ppb) 

Metal  Wavelength (nm)  Detection Limit (LOD, ppb)  

Arsenic (As)  193.7  0.1 – 0.5  

Lead (Pb)  283.3  0.05 – 0.2  

Nickel (Ni)  232.0  0.1 – 0.5  

Copper (Cu)  324.7  0.05 – 0.2  

Chromium (Cr)  357.9  0.05 – 0.3  

Iron (Fe)  248.3  0.1 – 0.5  

Zinc (Zn)  213.9  0.05 – 0.2  

 

Statistical Analysis 

R Studio v4.4.2 was used to conduct statistical 

analysis. The statistical tests employed were 

the Chi-square and the student T-test which are 

typical Parametric tests of Homogeneity 

carried out for normally distributed data. The 

student T-test was chosen against the Z-test 

because the sampled data were less than 30. 

Chi-square, T-test, and correlation analysis 

was used to test for data variation between 

variables for heavy metals analysed. 

RESULTS AND DISCUSSION 

The statistical analysis for the chi-square result 

shows BB1, 1.201, BB2, 0.364, and BB3, 

0.537. The critical value, calculated at the 95% 

level of confidence and a significance level of 

5%, is 12.592. This implies that the X2 value 

is below the critical value, indicating a lack of 

significant difference between the samples. 

The t-test results show BB1, 0.323, BB2, 

0.272, and BB3, 0.068, with a critical value of 

2.172 at the 95% confidence level and a 

significance level of 5%. This means the T-

value is less than critical, which means there is 

no significant difference between the samples.  

Heavy Metal Concentrations in the water 

samples 

The heavy metals identified in the water 

samples collected in the study area are iron, 

copper, zinc, cadmium, chromium, lead and 

arsenic. 

Iron  

The concentration of iron (Fe) in the water 

samples varied from one point to another; 

sample BB2 recorded the highest mean value 

of 0.49 mg/l, BB1 recorded the lowest of 0.369 

mg/l, and BB3 recorded a mean value of 0.428 

mg/l. This indicates that the values exceed the 

WHO and NESREA standard value of 0.3 mg/l 

for drinking water (Figure 3) thereby 

suggesting a higher source of iron 

contamination.  This outcome is also in line 

with research done by Bawa et al. (2019) in 

Taraba and Adamawa states, which found an 

elevated Fe content in groundwater due to 

mining operations. 
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Figure 3: Iron (Fe) Concentration in the water samples 

The presence of a high Fe concentration in the 

groundwater may be due to the natural geology 

dissolution of iron minerals from rock and soil, 

precipitation/run off and infiltration activities, 

use of galvanized materials in handpump 

construction, agricultural activities and mining 

activities of the area (Ocheri, 2010; Blarasin et 

al., 1999). Iron is an essential element in 

drinking water and food for almost all living 

organisms as it participates in a wide variety of 

metabolic processes, including oxygen 

transport, deoxyribonucleic acid (DNA) 

synthesis, and electron transport (Zeidan et al., 

2024). However, due to iron's capacity to 

generate free radicals, its concentration in 

bodily tissues must be carefully managed since 

excessive levels might result in tissue damage. 

Iron metabolism disorders are prevalent human 

illnesses that include a wide array of 

conditions with varying clinical symptoms, 

from anaemia to iron excess, and potentially 

neurodegenerative diseases (Abbaspour et al., 

2014; Rahman et al., 2024). This study 

revealed a maximum iron concentration of 

0.49 mg/L and a minimum concentration of 

0.36 mg/L, which is notably lower than the 

findings of Rahman et al. in 2024 and Merrill 

et al. in 2011, who reported iron 

concentrations of 1.9 mg/L and 2.0 mg/L in 

potable groundwater from Jalalabad 

Cantonment in Pakistan and rural Bangladesh, 

respectively. 

Copper 

The concentration of copper (Cu) in the water 

samples varied from one point to another; BB3 

had the highest mean value of 0.102 mg/l, BB1 

had the lowest of 0.063 mg/l, and BB2 had a 

mean value of 0.085, showing that the value 

was less than the WHO and NESREA standard 

limits of 1.2 mg/l (Figure 4). 

 
Fig. 4: Copper (Cu) Concentration in the water samples 
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Consumption of this water would therefore not 

cause adverse effects on consumers health. 

Osafo (2011) reported similar results from 

studies in the East Akim Municipality. 

Sampling points BB3 recorded the highest 

mean values, suggesting that the proximity of 

these sampling points made it easier for them 

to be influenced by the same conditions 

leading to similar levels of copper 

concentrations. This difference in the copper 

concentrations was significant, attesting to the 

difference in factors that affect the 

concentration of heavy metals such as copper. 

Both natural sources and human activities can 

release copper into the environment. These 

include mining, metal production, wood 

production, and phosphate fertilizer 

production. Human activity and natural 

releases of copper lead to its widespread 

presence in the environment, particularly near 

mines, industrial settings, landfills, and waste 

disposal sites (NRC, 2000; Kegley et al., 2009; 

MDH, 2024). 

Zinc 

Sample BB2 recorded the highest mean zinc 

concentration of 0.178 mg/l while BB3 

recorded the lowest concentration of 0.009 

mg/l, and BB1 recorded a mean concentration 

of 0.134, all of which are below the WHO and 

NESREA standard values of 3 and 5 mg/l 

respectively (Figure 5). 

 
Figure 5: Zinc (Zn) Concentration in the water samples 

Due to lower concentrations of zinc in the 

samples there is no detrimental effect when the 

water is used for domestic and other purposes 

at the level obtained in this study. Results 

obtained in this study are similar to reports by 

Ankomah-Appiah (2011). However, they fall 

significantly short of the results obtained by 

Osafo (2011) from surface water in the East 

Akim Municipality. The highest mean zinc 

concentration recorded at sample point BB2, 

may be due to their location down a slope. 

Therefore, contamination from either 

anthropogenic or natural processes in the area 

could be easily leached or runoff down the 

slope. The difference in the values recorded at 

the sampling points was significant, inferring 

that the conditions that contribute to the 

concentration of zinc in the study area differed 

greatly. Variation in terms of runoffs and flows 

has the potential to increase the level of 

contaminants in a water body. 

Cadmium 

The concentration of Cadmium (Cd) in the 

water samples varied from one point to 

another; BB1 recorded the highest mean value 

of 0.011 mg/l, BB2 recorded the lowest of 

0.004 mg/l, and BB3 recorded a mean value of 

0.008, indicating that the values are greater 

than the WHO's and NESREA standard values 

of 0.003 mg/l for Cd in drinking water (Figure 

6). The result is also consistent with a study 

done by Usman et al. (2020) in Gombe state, 

which found greater Cd concentrations in 

groundwater due to mining activity. 
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Figure 6: Cadmium (Cd) Concentration in the water samples 

The Cadmium concentration remains constant 

regardless of the sample point and sampling 

time. Mining and other factors, such as natural 

geology and water flow, increase the 

concentrations of cadmium. Therefore, as far 

as cadmium is concerned, the water is not safe 

for human consumption due to the Cd 

concentrations that is above the standards of 

WHO and NESREA. 

 

Chromium 

The concentration of chromium (Cr) in the 

water samples varied from one point to the 

other; the highest mean value of 0.793 mg/l 

was recorded at BB2, while BB3 recorded the 

lowest of 0.489 mg/l, while BB1 recorded a 

mean value of 0.527, which shows the value is 

greater than the standard values of 0.05 mg/l 

and 0.03mg/l set by WHO and NESREA 

(Figure 7). 
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Figure 7: Chromium (Cr) concentration in the water samples 

Although chromium does not play a major role 

when it comes to heavy metals that affect 

adversely the health of consumers, it is an 

important element to monitor due to its 

indicative role. Chromium concentrations in 

this study ranged from 0.489 mg/l to 0.793 

mg/l. Significant differences in concentrations 

were observed. BB2 sampling points recorded 

the highest mean concentrations. The natural 

geological structure of these areas as well as 

pollution from anthropogenic activities could 

contribute significantly to the contamination of 

water bodies with chromium and many other 

metals; however, these concentrations did 

exceed the WHO and NESREA standard of 

0.05 mg/l and 0.03 mg/l respectively for 

drinking water. The excess of these detection 

limits for drinking water in the study area 

could potentially impact the health of 

consumers. 
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Lead 

The concentration of lead (Pb) in the water 

samples varied from one point to another; BB3 

recorded the highest mean value of 0.428 mg/l, 

BB1 recorded the lowest of 0.181 mg/l, and 

BB2 recorded a mean value of 0.341, 

indicating that the value exceeds the WHO and 

NESREA standard value of 0.01 mg/l and 

0.015 mg/l respectively (Figure 8). This 

finding is also in tandem with the study 

conducted by Bawa et al. (2019) in Taraba and 

Adamawa states, which recorded a higher Pb 

concentration in groundwater due to mining 

activities. 
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Figure 8: Lead (Pb) Concentration in the water samples 

Lead is one of the most prevalent metals in the 

earth's crust, with an average concentration of 

13 mg/kg. Food ingestion, dust and dirt 

accounts for 80% of daily lead intake by 

humans (FDE, 2008; WHO, 2023). Avoiding 

its intake is crucial due to its carcinogenic 

properties. The recorded values ranged from 

0.181 mg/l to 0.428 mg/l, surpassing the WHO 

and NESREA recommended limit of 0.01 mg/l 

and 0.015 mg/l for lead in drinking water 

respectively. The results indicated a higher 

level of Pb contamination in the study area. 

Mining and other factors, such as natural 

geology, contribute to an increase in lead 

contamination levels globally (Gupta and 

Nikhil, 2016; Abanyie et al., 2023).  

Arsenic 

Arsenic (As) concentrations in the water 

samples varied from one location to another; 

BB3 recorded the highest mean value of 1.115 

mg/l, BB1 the lowest at 0.748 mg/l, and BB2 

has a mean value of 0.887 mg/l (Figure 9). 
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Long-term exposure to low levels of arsenic 

through drinking water can result in skin cancer 

(WHO, 2023; Rahimi Kakavandi et al., 2023), 

and there is also evidence of an increasing risk of 

bladder, kidney, liver, and lung tumors. The 

arsenic concentration in this study ranged from 

0.784 mg/L to 1.115 mg/L, indicating higher 

concentrations than the WHO and NESREA 

standard limits of 0.01 mg/l for Arsenic in 

drinking water. Therefore, the water samples 

contain significant Arsenic concentrations. This 

outcome is also in line with research done by 

Eze, P.N. et al. (2022) in Northeastern Nigeria, 

which found an elevated As content in 

groundwater due to mining operations. Using 

water from these sources for domestic purposes, 

including drinking, may lead to fatal cases of 

arsenic poisoning. The high concentration of As 

in the groundwater could potentially be attributed 

to the gold mining, sulfide mineral oxidation, 

geogenic leaching, natural geology of the area 

and the water flow in the study area (Blarasin et 
al., 1999; Tabelin et al., 2018; Usman et al., 

2020). 

Cumulative Toxicity of Multiple Heavy 

Metals. 
Research indicates that co-exposure to heavy 

metals in groundwater leads to greater-than-

additive toxicity through common oxidative 

stress pathways, competitive metal transport 

systems, and cumulative DNA damage (Wang et 

al., 2023; Jaishankar et al., 2022). The 

combination of As, Pb, and Cd accelerates lipid 

peroxidation in kidney cells by 40-60% 

compared to individual metals. In Bangladesh, 

populations exposed to all three metals develop 

chronic kidney disease 3.2 times faster than those 

exposed to only one metal (Ahmad et al., 2024; 

Rahman et al., 2023). New studies reveal that 

Cr(VI)-As co-exposure increases bladder cancer 

risk by 4.7-fold in Taiwanese populations due to 

strand breaks and As inhibiting repair enzymes. 

This combination is classified as a Group 1 

carcinogenic combination by IARC (Lin et al., 

2023; IARC, 2023). Additionally, Fe-Cu 

interactions produce hydroxyl radicals, leading to 

30% more iron deposition in livers of copper-

exposed individuals. This explains the faster 

development of cirrhosis in Indian populations 

with dual exposure (Zhang et al., 2024; Mehta et 

al., 2023). Recent studies show that Cd-Pb co-

exposure causes 50% more bone accumulation 

than expected due to common calcium transport 

pathways, leading to osteoporosis and renal 

failure in Chinese mining districts (Bonewald et 

al., 2024; Li et al., 2023). Zinc supplementation 

can lower Cd absorption by 35% in contaminated 

areas, but high zinc intake can cause copper 

deficiency anemia within 8 weeks (Vesey, 2023; 

Johnson et al., 2024). A 2024 meta-analysis 

found that children exposed to Pb-As-Mn had 

11.3 points worse IQ scores than those exposed 

to single metals (Grandjean et al., 2024; Chen et 

al., 2023). Advanced neuroimaging suggests 

synergistic injury to the basal ganglia and 

hippocampus is responsible for the increased risk 

of cancer. The As-Cr-Cd-Ni combo activates all 

10 cancer markers simultaneously (Hanahan et 

al., 2023). Population studies in Chile show a 

5.8-fold increase in liver cancer incidence when 

all four metals are present (Aguilera et al., 2024). 

New animal models also show Pb-As-Cd 

combinations lower sperm counts by 72% 

compared to controls. Birth defect rates in 

Michigan's Flint cohort are 2.9 times higher than 

expected (Pant et al., 2023; Hanna-Attisha et al., 

2024). 

CONCLUSION 

Groundwater contamination of some selected 

boreholes was assessed in Funakaye L.G.A in 

Gombe State to determine heavy metal 

contamination and the study's results indicated 

the presence of certain heavy metals in the study 

area, including Fe, Cd, Cr, Pb, As, Zn, and Cu. 

The concentrations were compared to the WHO 

and NESREA standard limits for quality drinking 

water and the results indicated that heavy metal 

concentrations in the boreholes were generally 

high, with Fe ranging from 0.369mg/l to 

0.490mg/l, Cd ranging from 0.008mg/l to 

0.011mg/l, Cr ranging from 0.489mg/l to 

0.793mg/l, Pb ranging from 0.181mg/l to 

0.428mg/l, and As ranging from 0.748mg/l to 

1.115mg/l, thus exceeding the WHO and 

NESREA recommended limits. Zn and Cu 

concentrations in the samples were found to be 

lower than the recommended limits for drinking 

water, with Zn ranging from 0.009mg/l to 

0.178mg/l and Cu from 0.063mg/l to 0.102mg/l. 

The data from the study indicated that there is 

heavy metal pollution in the studied boreholes, 

which may be attributed to the mining activities 

taking place and natural geology in the study 

area, indicating that pollutants have leached into 

the groundwater sources. The presence of these 

heavy metal pollutants in the groundwater is an 

indicator of the potential health risks that can be 

associated with the consumption and uptake of 

these metals, which can cause so many illnesses 

such as upper respiratory tract infection, nasal 

mucous membrane irritation, haemolytic 

anaemia, constipation, anaemia, high blood 

pressure, low sperm count, cancer of the nasal 

cavity and lungs, infant mortality, pancreatitis 
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and damage of hepatic parenchyma in both 

humans and animals. 

Recommendations 

Based on the findings of this study, the following 

recommendations are made:  

a. A continuous monitoring strategy for 

water resources management be 

designed to guarantee that relevant 

measures are chosen and performed in 

the area and on time.  

b. To prevent contamination and further 

exposure to heavy metal pollution in the 

study area, motorised deep boreholes 

should be drilled far away from the 

contaminating locations.  

c. The government through local 

community leaders should raise public 

awareness about the potential risk of 

groundwater pollution. And to provide 

means for treating polluted water before 

consumption. 

d. Standard practices for mining activities 

should be ensured including establishing 

measures against environmental 

pollution or buffer zones if necessary. 
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