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Abstract

Groundwater contamination by heavy metals poses significant public health risks, particularly in
developing regions where groundwater is a primary drinking water source. This study assessed the
concentrations of copper (Cu), zinc (Zn), arsenic (As), lead (Pb), and chromium (Cr) in groundwater
from Kumbotso Local Government Area, Kano State, Nigeria, and evaluated the associated pollution
levels using multiple contamination indices. Forty groundwater samples (20 from hand-dug wells and
20 from boreholes) were collected and analyzed using atomic absorption spectrophotometry. Heavy
metal pollution index (HPI), heavy metal evaluation index (HEI), contamination index (CI), metal
index (MI), and ecological risk index (RI) were computed to characterize overall contamination. Results
showed that mean concentrations of Cu (650 ppb) and Zn (60 ppb) were within World Health
Organization (WHO) and Nigerian Standard for Drinking Water Quality (NSDWQ) permissible
limits. In contrast, mean concentrations of As (2500 ppb), Pb (3360 ppb), and Cr (5350 ppb) exceeded
permissible limits by up to 400-fold, with maximum values reaching 4030 ppb, 4920 ppb, and 6140
ppb, respectively. All pollution indices indicated severe contamination: HPI (1172.20 - 20367.17), HEI
(68.61 - 1018.36), CI (53.61 - 1013.36), MI (58.61 - 1018.36), and RI (421.25 - 6738.26), with values
consistently exceeding thresholds for high pollution and very high ecological risk. Arsenic and lead were
the dominant contributors to the observed contamination. The findings reveal that groundwater in
Kumbotso Local Government Area is severely contaminated with arsenic, lead, and chromium,
rendering it unsuitable for long-term human consumption without treatment. Urgent public health
interventions, including routine monitoring, source protection, and implementation of water treatment
technologies, are required to safequard the health of dependent communities.
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INTRODUCTION

Water is fundamental to human health, economic development, and ecosystem stability.
However, the safety and availability of freshwater resources are increasingly threatened by a
combination of natural and anthropogenic factors (Islam et al., 2015). Groundwater, in
particular, is a vital resource, supplying a significant portion of the world's population with
water for domestic, agricultural, and industrial uses (Saha & Ray, 2019). In many developing
nations, including Nigeria, a large proportion of the population relies on groundwater from
boreholes and hand-dug wells as their primary source of drinking water, making its quality
assessment critically important for public health (Oyebande & Balogun, 1992; Tsor et al., 2022).
Among the various contaminants that affect water quality, heavy metals are of particular
concern due to their toxicity, persistence, and non-biodegradable nature (Chowdhury et al.,
2016). Unlike organic pollutants, heavy metals cannot be broken down and tend to accumulate
in the environment and living organisms. The primary pathways for heavy metal
contamination include natural processes such as rock weathering and volcanic activity, but
anthropogenic sources such as industrial effluents, improper waste disposal, agricultural
runoff, and mining activities are often the dominant contributors (Zamani et al , 2012; Navratil
& Minaiik, 2002). The consumption of water contaminated with toxic metals can lead to
bioaccumulation in the human body, resulting in damage to vital organs, physiological
dysfunction, and long-term health complications, including various forms of cancer
(Jaishankar et al., 2014; Badamasi et al., 2021a).

The Kano metropolis, one of the largest and most industrialized cities in Nigeria, faces
significant environmental challenges. Rapid urbanization and industrial growth have led to
concerns over the quality of its water resources (Akan et al., 2007). Several studies have
highlighted the impact of industrial activities on water quality in and around Kano. For
instance, research in the Challawa and Sharada industrial areas has documented elevated
levels of heavy metals such as cadmium, chromium, and nickel in groundwater, attributing
this pollution to the discharge of untreated industrial effluents from tanneries, textile mills,
and other industries (Hamidu et al., 2021; Adejube et al., 2018). The presence of these metals
in groundwater poses a direct threat to the health of communities that depend on these
sources for drinking water (Koki et al., 2015).

Similarly, the Riruwai mining area in Kano State has been shown to have severe heavy metal
contamination, with studies reporting concentrations of arsenic, cadmium, and lead far above
permissible limits, leading to significant carcinogenic and non-carcinogenic health risks for
local inhabitants (Badamasi et al., 2021b). The issue of heavy metal pollution is not limited to
the Kumbotso industrial area. Research in the Nasarawa area of Kano has also revealed
elevated levels of lead, cadmium, and chromium in groundwater, suggesting that the problem
is widespread and linked to various anthropogenic activities, including poor waste
management and domestic sewage (Hassan & Sada, 2024).

Kumbotso Local Government Area, a metropolitan area within Kano State, is characterized
by a mix of residential, agricultural, and commercial activities. Given its proximity to
industrial zones and the increasing pressure from urbanization, the groundwater resources in
Kumbotso are potentially vulnerable to heavy metal pollution. While previous research has
been conducted in other parts of Kano, such as Challawa, Sharada, and Nasarawa (Hamidu
et al., 2021; Adejube et al., 2018; Hassan & Sada, 2024), a comprehensive assessment of heavy
metal concentrations and the associated pollution status specifically in the groundwater of
Kumbotso LGA remains scarce. This gap in knowledge is critical, as it leaves the health of the
local population, which is heavily dependent on groundwater, at an unknown risk.
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To effectively evaluate the cumulative impact of multiple heavy metals on water quality,
pollution indices such as the Heavy Metal Pollution Index (HPI), Heavy Metal Evaluation
Index (HEI), Contamination Index (CI), and Metal Index (MI) have been widely employed
(Mohan et al., 1996; Egbueri & Mgbenu, 2020). These indices provide an integrated and easily
interpretable measure of overall contamination, which is more informative than analyzing
individual metal concentrations in isolation (Prasad & Kumari, 2008).

This study, therefore, aims to fill this knowledge gap by assessing the concentration of selected
heavy metals copper (Cu), zinc (Zn), arsenic (As), lead (Pb), and chromium (Cr) in
groundwater from Kumbotso Local Government Area. The specific objectives are to: (1)
determine the concentrations of these heavy metals in groundwater samples; (2) compare the
measured values with the World Health Organization (WHO) and Nigerian Standard for
Drinking Water Quality (NSDWQ) guidelines; and (3) evaluate the overall pollution status of
the groundwater using multiple pollution indices (HPI, HEI, CI, MI, and RI). The findings of
this study will provide crucial baseline data for environmental monitoring and will inform
policymakers and local authorities on the urgent need for interventions to safeguard the
health of the community.

MATERIAL AND METHODS

Description of the of Study Area

Kumbotso Local Government Area of Kano State is located between latitude 11°53'17" N and
longitude 8°30'10" E at an elevation of 450 m above sea level. It is a metropolitan Local
Government Area with a landmass of approximately 158 km?. According to the National
Population Commission, a population of 294,391 people with an annual growth rate of 4.06%
was recorded in the 2006 population census. The Local Government Area shares boundaries
with Dala, Gwale, Tarauni, and Ungogo LGAs to the north; Dawakin Kudu and Warawa
LGAs to the east; Madobi LGA to the south; and Tofa and Rimin Gado LGAs to the west. The
area is underlain by rocks of the Basement Complex, characterized by fractured crystalline
aquifers where groundwater occurs in fissures, crevices, and weathered overburden materials
(Hamidu et al., 2021).

Sample Collection and Preparation

A reconnaissance survey was conducted to identify functional water sources used by the
community. Twenty sampling points were purposively selected across Kumbotso Local
Government Area, comprising 10 hand-dug well water samples (coded A1-A10) and 10
borehole water samples (coded B1-B10). Water samples were collected during the rainy
season (August 2025) to assess groundwater quality under active recharge conditions, when
contaminants are most likely to be mobilized into the aquifer system (Badamasi ef al., 2021a;
Nienie et al., 2017). Prior to collection, 350 mL polyethylene bottles were soaked overnight in
10% nitric acid, washed three times with distilled water, rinsed with deionized water, and
oven-dried at 50-60°C (Badamasi et al., 2021b). At each sampling point, bottles were rinsed
three times with the water to be sampled before final collection. Boreholes were purged for 3-
5 minutes before sampling (Ahmed et al., 2021), while well water was collected directly using
a clean bucket. Approximately 350 mL of water was collected per sample. Samples were
immediately preserved by adding a few drops of concentrated nitric acid to reduce pH below
2.0, placed in an ice-cooled container at 4°C, and transported to the laboratory within 24 hours
(Hamidu et al., 2021; APHA, 2012). In the laboratory, samples were stored at 4°C until analysis.
For digestion, 350 mL of each sample was evaporated to 50 mL, mixed with 10 mL of
concentrated nitric acid, and heated at 80°C until a clear solution was obtained. The digested
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solution was filtered, diluted to 100 mL with deionized water, and stored for atomic
absorption spectrophotometric analysis. Blank samples were prepared using deionized water
to correct for background contamination.

Sample Analysis

Concentrations of five heavy metals copper (Cu), zinc (Zn), arsenic (As), lead (Pb), and
chromium (Cr) were determined using an Atomic Absorption Spectrophotometer (AAS). The
analysis was conducted at the Centre for Energy Research and Training (CERT), Ahmadu
Bello University, Zaria, Nigeria, using a Buck Scientific 210 VGP Atomic Absorption
Spectrophotometer. For each metal, the instrument was calibrated using standard solutions
prepared from certified stock solutions (1000 mg/L) by serial dilution with deionized water.
Calibration curves were constructed using at least five standard concentrations for each metal,
with correlation coefficients (R?) maintained at 0.995 or higher to ensure accuracy. The
operating conditions, including wavelength, slit width, and flame type (air-acetylene), were
optimized for each metal according to the manufacturer's specifications.

Pollution Indices

To evaluate the overall heavy metal contamination status of groundwater in the study area,
tfive pollution indices were computed: Heavy Metal Pollution Index (HPI), Heavy Metal
Evaluation Index (HEI), Contamination Index (CI), Metal Index (MI), and Ecological Risk
Index (RI).

Heavy Metal Pollution Index (HPI)

The HPI was calculated using the weighted arithmetic mean method (Egbueri & Mgbenu,
2020). The unit weightage (W) for each metal was determined as the inverse of the maximum
admissible concentration (MAC). The quality rating (Q:) was calculated as:

. [mi(=)si]
Qi =555 % 100 1

where M; is the monitored concentration, I; is the ideal value (taken as O for all metals), and S;
is the standard permissible limit. The HPI was then computed as:

HP] = Z?:l QixWi

- 2
wi

HPI values less than 100 indicate low pollution, 100-300 indicate medium pollution, and
greater than 300 indicate high pollution (Hamidu et al., 2021).

Heavy Metal Evaluation Index (HEI):
HEI was calculated using the formula (Kana, 2022):

HEI = ¥ H¢

=1 gmac

where Hc is the monitored concentration of the i-th heavy metal, and Hmac is the maximum
admissible concentration. HEI values less than 10 indicate low contamination, 10-20 indicate
medium contamination, and greater than 20 indicate high contamination (Kana, 2022).

Contamination Index (CI)

To calculate this index, only heavy metals with concentrations that exceeded the upper
permissible limits or guide values of the potentially harmful heavy elements were considered.
This condition was adopted in this study. The contamination degree which is the sum of the
contamination factors of the individual metallic component with concentration that exceeded
the upper permissible value is calculated separately for each of the analyzed water sample
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while the contamination index gives the summary of all the parameters that are considered
harmful in household water (Egbueri, 2020). This index is calculated as:
Cl = 31, Cf; 4

where Cfi is the contamination factor for the i-th metal, calculated as:

szg—gii 5

where CAi is the analytical concentration and CNi is the upper permissible concentration. CI
values less than 1 indicate low contamination, 1-3 indicate moderate contamination, and
greater than 3 indicate high to severe contamination (Egbueri, 2020).

Metal Index (MI)
The MI was calculated using the formula (Tamasi & Cini, 2004):

MI = z . 6
;=1 MAC

where Ciis the concentration of each metal and MACiis the maximum allowable
concentration. MI values less than 1 indicate excellent water quality, 1-3 slightly affected, 3-6
moderately affected, 4-6 strongly affected, and greater than 6 seriously affected (Sheeja &
Harilal, 2022).

Ecological Risk Index (RI)
The RI was calculated using the method of Hakanson (1980):
RI = X7, E; 7

Ei=TXCf 8

where Ei is the toxic response factor (As =10, Pb =5, Cu =5, Cr = 2, Zn = 1), and Cs is the
contamination factor. RI values less than 150 indicate low ecological risk, 150-300 moderate

risk, 300-600 considerable risk, and greater than 600 very high ecological risk (Fang et al.,
2022).

RESULTS AND DISCUSSION

The result of concentration of “selected heavy metals in the water in Kumbotso Local
Government, Kano State, Nigeria

TABLE 1.0 Heavy metal concentration of groundwater in the study area

WELL ID Cu Zn As Pb Cr
Al 10 0 410 210 40
A2 20 0 290 240 280
A3 40 0 490 150 760
A4 40 0 380 140 480
A5 80 10 980 370 870
A6 110 0 1870 30 1150
A7 160 20 1140 450 1090
A8 160 10 820 640 1320
A9 180 10 1980 960 950
A10 180 20 2510 1220 1400
B1 670 40 2680 210 1050
B2 660 80 2370 590 1540
B3 730 70 3340 1160 1910
B4 770 80 2410 1670 1910
B5 800 90 2730 2090 2490
B6 860 70 3550 3000 3140
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B7 930 60 3580 3570 4000
B8 930 60 3390 3590 4850
B9 990 70 3830 4360 5830
B10 1050 100 4030 4920 6140
Min 10 10 410 210 40
Max 1050 100 4030 4920 6140
Mean 650 60 2500 3360 5350
NSDWQ 1000 3000 10 10 50
WHO 2000 3000 10 10 50
Copper:

Copper concentrations in groundwater ranged from 10 to 1,050 parts per billion, with a mean
value of 650 parts per billion. All samples fell within the WHO and Nigerian drinking water
standards of 2,000 and 1,000 parts per billion, respectively. The low copper levels suggest this
metal is not a primary concern in Kumbotso, although some borehole samples approached
the NSDWQ limit. This finding is consistent with a study from Yobe State, where similarly
low copper concentrations were reported, and copper exceeded permissible limits in only 16
percent of water samples analyzed (Kwaya et al., 2017). To prevent future copper
contamination, it is essential to replace corroding copper pipes and fittings with non-corrosive
materials, as acidic water accelerates copper leaching. Additionally, copper-containing
industrial effluents from electroplating, electronics, and metal processing industries should
be treated before discharge to prevent them from entering groundwater (Hamidu et al., 2021).
Continued monitoring of copper levels in borehole samples is also recommended.

Zinc

Zinc concentrations ranged from 0 to 100 parts per billion, with a mean of 60 parts per billion.
All samples were well within the WHO and NSDWQ permissible limit of 3,000 parts per
billion. The low zinc concentrations suggest minimal leaching from galvanized materials,
batteries, or fluorescent lamps in the study area. This finding aligns with the work of Kwaya
et al. (2017), who reported low zinc concentrations in groundwater from Yobe State. The low
zinc levels are reassuring from a health perspective, as excessive zinc intake can cause nausea,
vomiting, and gastrointestinal distress. Maintaining low zinc levels requires attention to
potential sources. Proper disposal of batteries and fluorescent lamps through established
collection and recycling systems can prevent zinc from leaching into groundwater (Kwaya et
al., 2017). The use of alternative materials to replace galvanized pipes and fittings in water
supply systems can also minimize zinc contamination. In agricultural areas, promoting the
use of zinc-free fertilizers and implementing buffer zones between farms and water sources
can reduce zinc runoff into groundwater (Hamidu et al , 2021). Regular monitoring of zinc
concentrations will help detect any emerging contamination trends (Kana, 2022).

Arsenic

Arsenic concentrations ranged from 410 to 4,030 parts per billion, with a mean of 2,500 parts
per billion. The WHO safe limit is 10 parts per billion, meaning the average arsenic level was
250 times higher than the safe limit. Arsenic enters groundwater from weathering of arsenic-
bearing rocks and from human activities such as pesticide use, industrial discharge, and over-
pumping of groundwater (Ojobor & Nnabo, 2014; Hamidu et al., 2021; Hassan & Sada, 2024).
In the Riruwai mining area of Kano, arsenic concentrations ranged from 5 to 350 parts per
billion (Badamasi et al , 2021a). Arsenic is a known carcinogen that causes dermal, cardiac, and
cancerous health problems (Badamasi ef al., 2021a). The total cancer risk for arsenic exceeded
the tolerable limit in mining areas and boreholes (Badamasi ef al., 2021b). The levels found in
Kumbotso constitute a public health emergency. Immediate steps must include providing
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alternative water sources and educating the community that boiling does not remove arsenic
(Badamasi et al., 2021b). Long-term solutions include regulating arsenic content in phosphate
fertilizers, as phosphate releases arsenic into groundwater (Ojobor & Nnabo, 2014). Industries
using arsenic must treat their wastewater before discharge (Hamidu et al., 2021). Regular
monitoring of arsenic levels must be established to track the effectiveness of these
interventions (Kana, 2022).

Lead

Lead concentrations ranged from 210 to 4,920 parts per billion, with a mean of 3,360 parts per
billion. The WHO safe limit is 10 parts per billion, meaning the average lead level was 336
times higher than the safe limit. Lead enters groundwater from disposal of lead-acid batteries,
lead-based paints, industrial effluents, and waste dumpsites (Hamidu et al , 2021; Ojobor &
Nnabo, 2014). In Challawa and Sharada industrial areas, lead concentrations ranged up to 80
parts per billion (Hamidu et al., 2021). In Nasarawa area, lead ranged from 27 to 174 parts per
billion (Hassan & Sada, 2024). Lead is a cumulative neurotoxin with no safe level of exposure.
In children, lead causes brain damage and reduced nervous system function (Olalekan et al.,
2018). In adults, lead causes high blood pressure and anemia. High lead exposure can cause
miscarriage (Olalekan et al., 2018). Pregnant women are particularly vulnerable (Badamasi et
al. 2021b). Immediate actions must include providing safe water to children and pregnant
women without delay. Blood lead testing should be conducted, especially for children
(Olalekan et al., 2018). Industries that discharge lead must treat their wastewater before release
(Hamidu et al., 2021). Lead-acid battery recycling must be properly regulated. Public
education must warn against lead-based paints and burning of lead-containing waste (Ojobor
& Nnabo, 2014). A comprehensive health screening program should be established (Badamasi
et al., 2021Db).

Chromium

Chromium concentrations ranged from 40 to 6,140 parts per billion, with a mean of 5,350 parts
per billion. The WHO safe limit is 50 parts per billion, meaning the average chromium level
was 107 times higher than the safe limit. Chromium can be trivalent (less toxic) or hexavalent
(highly toxic and carcinogenic). Chromium enters groundwater from weathering of
ultramafic rocks and from tanneries, textile mills, and electroplating industries (Kwaya et al.,
2017; Hamidu et al., 2021). In Challawa and Sharada, chromium ranged from 0 to 80 parts per
billion (Hamidu et al., 2021). In Nasarawa, chromium ranged from 42 to 500 parts per billion
(Hassan & Sada, 2024). Chromium causes skin irritation, ulceration, kidney and liver damage,
and carcinoma (Hamidu ef al., 2021). The metal index revealed that groundwater in Nasarawa
is seriously affected by chromium (Hassan & Sada, 2024). The first priority must be to
determine whether chromium is the toxic hexavalent form (Kana, 2022). Until chromium
levels are reduced, alternative safe water sources must be provided. Industries must treat
wastewater before discharge (Hamidu et al., 2021). Chromium-containing wastes must be
disposed of in lined, secure landfills. Contaminated sites should be remediated using
phytoremediation (Amadi et al., 2016). A regular monitoring program must be established
(Kana, 2022). Health surveillance programs should monitor cancer incidence in the
community (Badamasi et al., 2021b).
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Pollution Indices
Table 2: Computed Heavy Metal Pollution Indices for Groundwater Samples

Sample ID HPI HEI CI MI RI

Al 1256.1 62.81 57.81 62.81 516.63
A2 1172.2 58.61 53.61 58.61 421.25
A3 1584.4 79.22 74.22 79.22 595.5
A4 1232.4 61.62 56.62 61.62 469.3
A5 3048.87 152.44 147.44 152.44 1200
A6 4261.1 213.06 208.06 213.06 1931.28
A7 3617.73 180.89 175.89 180.89 1409.01
A8 3449.67 172.48 167.48 172.48 1193.2
A9 6261.87 313.09 308.09 313.09 2498.45
A10 8021.93 401.1 396.1 401.1 3176.46
Bl 6206.97 310.35 305.35 310.35 2828.69
B2 6543.13 327.16 322.16 327.16 2728.28
B3 9771.77 488.59 483.59 488.59 3998.25
B4 8932.23 446.61 441.61 446.61 3323.35
B5 10644.6 532.23 527.23 532.23 3876.63
B6 14365.07 718.25 713.25 718.25 5177.77
B7 15909.7 795.49 790.49 795.49 5527.35
B8 15909.7 795.49 790.4 795.49 5381.35
B9 18722.37 936.12 931.12 936.12 6245.7
B10 20367.17 1018.36 1013.36 1018.36 6738.26
Min 1172.2 58.61 53.61 58.61 421.25
Max 20367.17 1018.36 1013.36 1018.36 6738.26
Mean 7738.92 386.95 381.95 386.95 2830.31

Table 3: Interpretation Scale for Heavy Metal Indices

Index Value Range Interpretation
HPI (Heavy Metal Pollution Index) <50 Low pollution
50 - 100 Medium pollution
>100 High pollution
HEI (Heavy Metal Evaluation Index) <10 Low contamination
10-20 Medium contamination
>20 High contamination
CI (Contamination Index) <1 Low contamination
1-3 Moderate contamination
>3 High to severe contamination
MI (Metal Index) <1 Excellent
1-3 Slightly affected
3-6 Moderately affected
>6 Seriously affected
RI (Ecological Risk Index) <150 Low ecological risk
150 - 300 Moderate ecological risk
300 - 600 Considerable ecological risk
> 600 Very high ecological risk

Heavy Metal Pollution Index (HPI)

The Heavy Metal Pollution Index (HPI) values recorded in groundwater from Kumbotso
Local Government Area were extremely high, ranging from 1,172.20 in A2 to 20,367.17 in B10,
indicating severe and progressive pollution of the aquifer system. Similar elevated HPI levels
have been reported in groundwater systems influenced by industrial and urban activities in
Kano and other regions (Hamidu ef al., 2021). The high HPI values in this study are largely
driven by arsenic and lead contamination. Arsenic exposure has been shown to cause skin
lesions, cardiovascular diseases, and cancer, while lead toxicity affects neurological function,
particularly in children, and contributes to kidney damage and hypertension in adults.
Effective mitigation requires routine groundwater monitoring, stricter control of waste
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disposal, and the application of efficient treatment technologies such as adsorption and
reverse 0smosis.

Heavy Metal Evaluation Index (HEI)

The Heavy Metal Evaluation Index (HEI) further confirms the severity of groundwater
contamination, with values increasing from 58.61 in A2 to a maximum of 1,018.36 in B10,
reflecting extreme cumulative metal loading. Elevated HEI values have also been documented
in groundwater systems affected by prolonged anthropogenic activities in Kano State (Hassan
& Sada, 2024). In this study, arsenic (410-4,030 ppb) and lead (210-4,920 ppb) are the dominant
contributors. Prolonged exposure to arsenic-contaminated water may impair liver function,
disrupt enzyme activity, and increase cancer risk, while lead exposure is known to reduce
cognitive development, cause behavioural disorders, and interfere with calcium metabolism
in the human body. Mitigation strategies should include proper borehole siting away from
potential contamination sources, corrosion control in distribution systems, and the use of
household treatment methods such as activated carbon, ion exchange, and membrane
filtration technologies to ensure safe drinking water.

Contamination Index (CI)

The Contamination Index (CI) values ranged from 53.61 in A2 to 1,013.36 in B10, indicating
that heavy-metal concentrations exceeded permissible limits by several orders of magnitude.
Such high contamination levels are typical of aquifers impacted by both natural geochemical
processes and intensified anthropogenic activities, particularly in mining and urban-
influenced environments (Egbueri & Mgbenu, 2020). Arsenic and lead remain the principal
contributors to these elevated values. Chronic arsenic exposure can result in severe skin
disorders, including hyperkeratosis and melanosis, as well as internal organ damage and
increased cancer risk, while lead toxicity contributes to anemia, kidney dysfunction, and
cardiovascular complications. Furthermore, continuous intake of contaminated groundwater
has been associated with increased non-carcinogenic and carcinogenic health risks, especially
in communities relying solely on untreated water sources. Reducing CI levels requires
improved waste management practices, controlled use of agrochemicals, proper regulation of
mining activities, and provision of community-level water treatment facilities such as
centralized purification systems and safe alternative water supplies.

Metal Index (MI)

The Metal Index (MI) values ranged from 58.61 in A2 to 1,018.36 in B10, indicating extreme
cumulative metal toxicity in the groundwater. High MI values have been widely reported in
regions where groundwater is influenced by mining, industrial discharge, and geogenic
mineral dissolution processes (Egbueri & Mgbenu, 2020). The dominance of arsenic and lead
suggests a high toxic burden, with arsenic contributing to cardiovascular diseases, organ
failure, and cancer, while lead affects brain development, causing long-term neurological
impairment and behavioral disorders. In addition, combined exposure to multiple heavy
metals can result in synergistic toxicity, increasing overall health risks beyond individual
metal effects, including endocrine disruption and metabolic disorders. Such cumulative
exposure pathways are particularly dangerous in areas with prolonged reliance on
contaminated groundwater. Mitigation should involve integrated groundwater management,
strict enforcement of environmental regulations, continuous health risk assessment, and
adoption of low-cost treatment technologies such as biosorption, membrane filtration, and
locally adapted purification systems.

A. H. Bala, T. S. Bichi, S. M. Muhammad, DUJOPAS 12 (2e): 30-42, 2026 38



Assessment of Heavy Metal Concentration in Groundwater at Kumbotso Local Government Area, Kano, Nigeria

Ecological Risk Index (RI)

The Ecological Risk Index (RI) showed values increasing from 421.25 in A2 to 6,738.26 in B10,
indicating very high ecological and human health risks. Such elevated RI values are
characteristic of environments where toxic metals accumulate due to industrial discharge,
mining activities, and poor environmental management practices (Egbueri & Mgbenu, 2020).
The high RI values are largely attributed to the toxicity and persistence of arsenic and lead.
Continuous exposure may lead to multi-organ damage, cancer, and severe neurological
disorders, particularly among vulnerable populations such as children and pregnant women.
Ecologically, elevated heavy metal concentrations can disrupt aquatic ecosystems, reduce
biodiversity, and bioaccumulate along the food chain, thereby posing indirect risks to human
health through food consumption. Long-term mitigation should focus on environmental
monitoring, remediation of contaminated sites, regulation of mining and industrial activities,
public health awareness, and provision of safe alternative water sources, alongside
sustainable techniques such as phytoremediation and constructed wetlands.

CONCLUSION

The results indicate significant heavy-metal contamination of groundwater from wells (A1-
A10) and boreholes (B1-B10) in Kumbotso Local Government Area. Copper and zinc
concentrations ranged from 10-1,050 ppb (mean ~ 650 ppb) and 0-100 ppb (mean ~ 60 ppb),
respectively, and were largely within WHO and NSDWQ limits. In contrast, arsenic (410-
4,030 ppb; mean ~ 2,500 ppb), lead (210-4,920 ppb; mean = 3,360 ppb), and chromium (40-
6,140 ppb; mean ~ 5,350 ppb) far exceeded permissible limits. Pollution indices (HPI, HEI, CI,
MI, and RI) consistently classified most samples as highly polluted, with arsenic and lead
being the dominant contributors to overall contamination and ecological risk. These results
confirm that groundwater in the study area is unsuitable for long-term drinking without
treatment and requires urgent monitoring and remediation.
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