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ABSTRACT. Accumulation of heavy metals in groundwater system could portend adverse health 
consequences to users. Heavy metal content of five randomly selected hand dug wells in Ikpe community, 
Akwa Ibom State, Nigeria was assessed between April and November 2022. The water was evaluated 
using standard methods and water quality indices to determine its suitability for human consumption. 
Eight heavy metals were evaluated using Heavy metal Pollution Index (HPI) and Comprehensive 
Pollution Index (CPI). The results were compared with the National drinking water standard. Results 
showed that chromium ranged from 0.001 to 0.20 mg/L, cadmium (0.001 - 0.008 mg/L), nickel (0.01- 
0.08 mg/L), manganese (0.001- 0.6 mg/L), zinc (0.36 -1.90 mg/L), iron (0.1 - 0.8 mg/L), lead (0.001 
- 0.02 mg/L) and arsenic (0.00 - 0.004 mg/L). HPI and CPI ranged between 44.62-126.30 and 0.18-
1.33, respectively. Concentrations of these heavy metals exceeded acceptable limits, except lead and 
arsenic. The concentration of the metals from wells 2, 4 and 5 were generally higher and/or had values 
that exceeded acceptable limits. This could be attributed with geogenic and anthropogenic influences 
as well as the general conditions of the wells and their environment. The water quality indices (HPI 
and CPI) showed varying levels of heavy metal pollution in line with the heavy metal concentrations. 
Consequently, it can be concluded that water from wells 2, 4 and 5 is not suitable for human consumption, 
and it can be used for other purposes.
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1. Introduction

Globally, groundwater is an indispensible 
resource; providing the largest reservoir of freshwater 
with exception of the ice caps (WWQA, 2021). The 
chemical quality of groundwater is influenced by 
a number of natural factors like the structure of the 
geology, lithology and geochemical processes etc. that 
can work together to degrade its quality (Hassen et 
al., 2016). However, groundwater can also be degraded 
from contaminants introduced into the environment 
from human activities (Zakaria et al.,  2020). Yan et 
al. (2019) observed that heavy metal contamination 
of groundwater is a complex problem requiring urgent 
attention.

Heavy metal contamination of groundwater 
comes from a number of anthropogenic activities 
like agriculture, industrial activities, mining and 
indiscriminate dumping of wastes, etc. (Manisalidis et 
al., 2020; Agrawal et al., 2021; Zhai et al., 2022; Jonah 
et al., 2023a). Heavy metal contamination of water is 
associated with huge medical and health implications 

(Akhilesh et al., 2009). Naturally, groundwater is 
protected from pollution; as a result it has an advantage 
over other sources when it comes to drinking water 
supply (WWQA, 2021). Traditionally, water quality 
assessment is done by comparing the observed 
parameters with national and international standards, 
which may provide limited information on the quality 
of the water (Xia et al., 2018; Davoudi Moghaddam et 
al., 2021). However, it is sometimes difficult to draw 
meaningful inferences on the quality of the water when 
large number of parameters is involved under varying 
natural and anthropogenic influences. Hence, the 
need to introduce water quality indices that is capable 
of aggregating and reducing large amount of water 
quality data into a simple and single value (Aljanabi et 
al., 2021). Water quality and its suitability for human 
consumption can be assessed using a number of indices 
like heavy metal pollution index and comprehensive 
pollution index. Researchers have used these indices 
to evaluate the overall quality of water for different 
purposes (Anyanwu et al., 2020; Anyanwu et al., 2022a, 
b; Prasad et al., 2022; Jonah et al., 2023b).
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In Nigeria, greater portion of the 
population’s drinking and domestic water 
needs are provided by boreholes and hand-
dug wells (Okareh et al., 2023). Therefore, 
the assessment of groundwater quality is very 
important (Ajibade et al., 2011). Hence, this 
study is aimed at assessing the heavy metal 
content of some groundwater sources in Ikpe 
Community, Akwa Ibom State, Nigeria vis-
à-vis its suitability for human consumption.

2. Materials and methods
2.1. Description of study area

Ikpe community is made up of many 
villages with Ikot Nton, Mbiabet, Nkana, 
Itie Ikpe being prominent. The community 
is located in the coastal area of Ini local 
Government Area, Akwa Ibom State, South-
South Nigeria (Fig. 1). The inhabitants of these 
villages are engaged in fishing, agricultural, 
sand and gravel mining activities. The 
community depends on hand dug wells as 
major source of water for drinking and other 
domestic purposes because pipe-borne water 
are lacking due to the terrain of the area.

2.2. Sampling Points

Five hand dug wells were randomly 
selected for this study. Well 1 (Latitude 
5°23’29.494N and Longitude 7°46’47.718E) 
was located in Ikpe Ikot Nkon, within the 
vicinity of Holy Catholic Church and covered 
with rusted metal (Fig.2). The water is 
extracted for domestic use with underground 
water pump into plastic storage water tanks. 
No human activities were observed during 
the study. Well 2 (Latitude 5°23’36.918N 
and Longitude 7°47’6.498E) was also located 
in Ikpe Ikot Nkon. The well was located 
behind a roadside market, and automobile 
workshops with high surface runoffs. The 
well was properly constructed but not 
covered (Fig.2).The well water was extracted 
for domestic use by the people using a 
plastic bucket. Wastes generated from the 
market were discarded into a stream beside 
the well. Well 3 (Latitude 5°23’45.33N and 
Longitude 7°47’22.873E) is also located 
in Ikpe Ikot Nkon. The well was properly 
constructed and had a wooden cover (Fig.2). 
No human activities were observed during 
the study. Well 4 (Latitude 5°22’50.496 
North and Longitude 7°47’53.49 East) was 
located in Itie Ikpe. The well was properly 
constructed but the edge was at the ground 
level, uncovered and unkempt (Fig.2). The 
area is low-lying and experience high runoff 
during the wet season. The well was located 
adjacent a wetland where rice and other 

Fig.1. Sampling wells in Ikpe community, Ini L.G.A., Akwa Ibom 
State, Nigeria

Fig.2. Images of studied wells
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crops were cultivated. Well 5 (Latitude 5°22’37.028N 
and Longitude 7°48’22.086E) was also located in Itie 
Ikpe. The well was properly constructed but the edge 
was at the ground level, uncovered with some grasses 
around the edge (Fig.2). The area is also low-lying and 
experience high runoff during the wet season. The well 
was located adjacent a wetland where rice and other 
crops were cultivated; domestic wastes are dump very 
close to the wetland.

2.3. Samples collection, data analyses 
and quality control

Water samples for the heavy metals analysis 
were collected between April 2022 and November 2022 
(eight months). The samples were collected monthly 
with 500 mL polyethylene bottles and acidified with 
Nitric acid (HNO3). The sampling containers were 
cleaned with detergent, rinsed with tap water until 
they were free of detergent and dried in sun rays. The 
containers were rinsed three times with well water 
samples before collection. Each sample was collected 
by submerging the sampling bottle into each hand dug 
well below the surface with the aid of a PVC pole.

The samples collected were transported on 
ice chest to the laboratory. The water samples were 
digested according to standard laboratory procedure. 
After digestion, eight heavy metals - chromium (Cr), 
cadmium (Cd), Nickel (Ni), Manganese (Mn), Zinc 
(Zn),Iron (Fe), Lead (Pb) and Arsenic (As) were analyzed 
using Unicam Atomic Absorption Spectrophotometer 
(939/959 model). For quality control, blanks and 
samples duplicates were included in the heavy metals 
analytical process. All data were summarized with 
Microsoft Excel. Single factor ANOVA was used to 
determine significant differences between the means 
while Tukey Pairwise posthoc was used to determine 
the source of variation. P < 0.05 was considered as 
significant.

2.4. Water quality assessment

Water quality assessment was carried out using 
heavy metal pollution index (HPI) and comprehensive 
pollution index (CPI).

Heavy metal pollution index (HPI)
The index based on weighted arithmetic mean 

method was described by Prasad and Bose (2001) 
based the formula developed by Mohan et al. (1996). 
The overall water quality in relation to heavy metal 
concentration has been evaluated with the index 
(Horton, 1965; Mohan et al., 1996). To compute HPI, 
unit weightage (Wi) was considered as a value inversely 
proportional to the recommend standard (Si) for each 
metals (Prasad and Bose, 2001). The HPI was calculated 
using the formula:

HPI �
�

��Qi Wi
Wi

 (1)

where, Qi is the sub-index of i-th heavy metals and Wi 
is the unit weightage of the i-th parameters. The Qi is 

calculated with the equation below:

Qi � �100
Ci
Si

 (2)

where, Ci is the measured value of i-th parameter and 
Si is the standard limit of i-th parameter set by FMEnv 
(2011). The acceptable range for HPI is 100 for drinking 
water (Mohan et al., 1996; Prasad and Bose, 2001); any 
value above 100 is not fit for human consumption.

Comprehensive pollution index (CPI)
The index provides vital information about water 

quality for effective management. All investigated 
heavy metals were used to calculate the CPI using the 
formula below:

CPI Pl�
�
�1
0n
i

i

n
 (3)

where, n is the number of considered heavy metals and 
PIi is the pollution index number i. The PIi is calculated 
using the equation:

Pli Ci
Si

=  (4)

where, Ci is the concentration of each heavy metal 
and Si is the acceptable limit for each heavy metal 
recommended by WHO (2017). The CPI was classified 
based on Matta et al. (2018) as > 0.21 (clean water), 
0.21 – 0.40 (sub-clean water), 0.41 – 1.00 (slightly 
polluted water), 1.01 – 2.00 (moderately polluted 
water) and >2.01 (heavy polluted water).

3. Results and Discussion

The summary of the heavy metal results is 
presented in Table 1. The Cr values ranged from 0.001 
to 0.20 mg/L. The lowest was recorded in Well 1 while 
the highest was in Well 5. The mean values recorded 
in Wells 4 (0.067 mg/L) and 5 (0.073mg/L) exceeded 
acceptable limit (0.05 mg/L) set by FMEnv (2011) and 
were significantly (p < 0.05) higher than the others.

This could be attributed to the well construction, 
lack of cover and general sanitation of the wells. Runoffs 
laden with inorganic and organic chemicals can also 
discharge into the well during the wet season because 
their edges were on the ground level. Wells 1 – 3 had 
significantly lower values probably because they were 
well constructed with edges above ground level and 
covered; though well 2 was not covered. Folorunsho et 
al. (2022) recorded values (0.00 – 0.006 mg/L) within 
this study range in hand dug wells around dumpsites 
in Okene, Kogi State, Nigeria. This could be due to the 
geology of the area and season because value up to 0.019 
mg/L was recorded in the leachates. However, higher 
values were recorded in related studies in Nigeria. 
Jagaba et al. (2020) recorded 0.01 – 0.25 mg/L in Rafin 
Zurfi, Bauchi State, Nigeria and Ogbonna et al. (2022) 
recorded 0.01 – 0.21 mg/L in Ibadan, Nigeria. Jagaba 
et al. (2020) attributed the high Cr values recorded to 
improper waste disposal and community markets.

The Cd values ranged from 0.001 to 0.008 mg/L. 
The highest values were recorded in Wells 4 and 5 
while the lowest were recorded in Wells 1 – 3. The 
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highest mean value (0.005 mg/L) was recorded in Well 
5 while the lowest (0.001 mg/L) was recorded in well 
1. Well 5 was significantly (p< 0.05) higher than Well 
1-3 while Well 4 was significantly (p< 0.05) higher 
than Well 1. The mean values recorded in Wells 4 and 
5 exceeded the acceptable limit (0.003 mg/L) set by 
FMEnv (2011). This trend was observed in Cr and could 
be attributed to the same factors. Higher values were 
recorded in related studies in Nigeria. Folorunsho et 
al. (2022) recorded values (0.003 – 0.054 mg/L) in 
hand dug wells around dumpsites in Okene, Kogi State, 
Nigeria, Ogbonna et al. (2022) recorded 0.01 – 0.23 
mg/L in Ibadan, Nigeria and Tsor et al. (2022) recorded 
0.007 – 0.015 mg/l in Makurdi, Benue State, Nigeria. 
Cd is the most toxic element, their presence in drinking 
water accompanied with deleterious effects on human. 
Durmishi et al. (2016) reported hypertension, kidney 
damage and potential prostate cancer in humans 
subjected to extreme exposure of Cd in contaminated 
water.

Nickel (Ni) ranged from 0.01 to 0.08 mg/L. 
The values were generally high in all the wells 
irrespective of the well conditions. The highest values 
were recorded in Wells 2 and 4 while the lowest was 
recorded in Well 5. Well 2 was significantly (p < 0.05) 
higher than well 5. All the mean values exceeded the 
acceptable limit (0.02 mg/L) set by FMEnv (2011). This 
could be attributed to geogenic effect exacerbated by 
anthropogenic effects especially in wells 2 and 4 (Ullah 
et al., 2022). Geogenic contamination is the natural 
occurrence of some elements in groundwater at elevated 
levels above acceptable limits with potential of adverse 
health effect (CGWB, 2014). Higher values were also 
recorded in related studies in Nigeria. Folorunsho et 

al. (2022) recorded values (0.00 – 0.016 mg/L) in 
hand dug wells around dumpsites in Okene, Kogi State, 
Nigeria, Jagaba et al. (2020) recorded 0.00 – 0.22 mg/L 
in Rafin Zurfi, Bauchi State, Nigeria, Ogbonna et al. 
(2022) recorded 0.25 – 1.30 mg/L in Ibadan, Nigeria 
and Tsor et al. (2022) recorded 0.00 – 0.016 mg/L in 
Makurdi, Benue State, Nigeria. According to Salem 
et al. (2000), cardiovascular and kidney diseases in 
humans are associate with intake of Ni contaminated 
water. Other medical consequence associated with Ni 
toxicity includes skin allergies; lung fibrosis and cancer 
of the respiratory tract (Kasprzak et al., 2003).

The values of Mn ranged between 0.001 and 0.6 
mg/L. The highest values were recorded in Wells 2 and 
5 while the lowest was in well 1. Wells 2, 4 and 5 were 
significantly higher than wells 1 and 3; though well 4 
was within acceptable limit. This could be attributed 
to geogenic effect exacerbated by anthropogenic 
activities (market and mechanic workshops); well 2 
had the highest mean value (0.312 mg/L). Elsewhere 
in Nigeria, Folorunsho et al. (2022) recorded lower 
values (0.00 – 0.002 mg/L) in hand dug wells around 
dumpsites in Okene, Kogi State, Nigeria and Jagaba et 
al. (2020) recorded 0.00 to 0.45 mg/L in Rafin Zurfi, 
Bauchi State, Nigeria. However, Ogbonna et al. (2022) 
recorded higher values (0.20 – 0.75 mg/L) in Ibadan, 
Nigeria and Tsor et al (2022) recorded 0.04 – 0.61 
mg/L in Makurdi, Benue State, Nigeria. Mn is a known 
human neurotoxin especially when the concentrations 
exceed the standard limit in drinking water and food 
(Alikunju et al., 2023). One of the unusual neurotoxic 
conditions is the hypermanganesemia-induced cerebral 
toxicity (Reinert et al., 2021). The presentation of 
the condition include Parkinsonian-like syndrome 

Table 1. The mean, range values of heavy metals and pollution indices recorded during the study period

Heavy metals 
(mg/L)

STATION 1
X ±S.E.M

STATION 2
X ±S.E.M

STATION 3
X ±S.E.M

STATION 4
X ±S.E.M

STATION 5
X ±S.E.M

FMEnv
(2011)

Cr 0.002±0.0004a

(0.001 - 0.004)
0.002±0.0003a

(0.002 - 0.004)
0.006±0.0005a

(0.005 – 0.009)
0.067±0.011b

(0.04 – 0.12)
0.073±0.02b

(0.02 – 0.20)
0.05

Cd 0.001±0.0002a

(0.001 – 0.002)
0.002±0.0003ab

(0.001 – 0.003)
0.002±0.0004ab

(0.001 – 0.004)
0.004±0.0008bc

(0.002 – 0.008)
0.005±0.0007c

(0.003 – 0.008)
0.003

Ni 0.037±0.005ab

(0.02 – 0.06)
0.053±0.0086b

(0.02 – 0.08)
0.032±0.0053ab

(0.02 – 0.06)
0.036±0.0077ab

(0.02 – 0.08)
0.023±0.005a

(0.01 – 0.05)
0.02

Mn 0.004±0.0007a

(0.001 – 0.009)
0.312±0.058b

(0.02 – 0.6)
0.003±0.00036a

(0.002 – 0.005)
0.187±0.053c

(0.01 – 0.3)
0.275±0.052c

(0.1 – 0.6)
0.2

Zn 0.652±0.057a

(0.36 – 0.83)
0.985±0.163ab

(0.43 – 1.70)
1.118±0.148b

(0.67 – 1.90)
0.582±0.057a

(0.37 – 0.82)
0.967±0.093ab

(0.65 – 1.40)
3.0

Fe 0.362±0.038
(0.2 – 0.8)

0.312±0.035
(0.2 – 0.5)

0.25±0.033
(0.1 – 0.4)

0.375±0.075
(0.1 – 0.8)

0.35±0.05
(0.2 – 0.6)

0.3

Pb 0.002±0.0003a

(0.001 – 0.004)
0.028±0.0029b

(0.02 – 0.04)
0.003±0.0005a

(0.002 – 0.006)
0.003±0.0007a

(0.001 – 0.006)
0.002±0.0002a

(0.002 – 0.003)
0.01

As ND ND ND 0.002±0.0005
(0.00 – 0.004)

0.003±0.0004
(0.001 – 0.005)

0.01

HPI 44.62 126.30 65.89 100.06 112.86

CPI 0.48 1.33 0.55 0.90 0.98
Note: X = mean, ±S.E.M = standard error of mean; a, b, c = means with different superscripts in the same row are 

significantly difference at P < 0.05; ND = Not detected; FMEnv = national environmental (surface and groundwater quality 
control) regulation (2011).
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(manganism), neuropsychiatric symptoms and stroke 
mimic that is very rare (Bouabid et al., 2016).

The concentrations of zinc were within the 
acceptable limit (3.0 mg/L) set by FMEnv (2011); 
ranging between 0.36 and 1.90 mg/L in the wells. The 
values were relatively high but well 3 was significantly 
(p < 0.05) higher than wells 1 and 4. This could be 
attributed to geogenic influence. Elsewhere in Nigeria, 
Folorunsho et al. (2022) recorded lower values (0.003 
– 0.054 mg/L) in hand dug wells around dumpsites 
in Okene, Kogi State, Nigeria and Tsor et al. (2022) 
recorded 0.08 – 0.50 mg/L in Makurdi, Benue State, 
Nigeria while Jagaba et al. (2020) recorded values 
(0.14 – 1.90 mg/L) within the range of this study in 
Rafin Zurfi, Bauchi State, Nigeria. Zinc is an important 
mineral element to man; prenatal growth of human 
associated with intake of Zn in normal concentration 
(Mahipal et al., 2019). Adverse effect in humans 
occurs when Zn is deficient or excess in concentration. 
In children, low concentration of zinc is associated 
with poor development of brain, and vulnerability 
to infections (Dutta and Sarma, 2015) while higher 
concentration affects bone development and normal 
function of reproductive organ in man (Bytyҫi et al., 
2018).

Iron (Fe) ranged between 0.1 and 0.8mg/L 
without any significant (p > 0.05) difference among 
the wells. The highest values were recorded in wells 
1 and 4 while the lowest were recorded in wells 3 and 
4. All mean values exceeded the acceptable limit (0.3 
mg/L) set by FMEnv (2011) except in well 3, suggesting 
geogenic influence. Okiongbo et al. (2020) observed 
that Fe concentrations in excess of acceptable limit 
(>0.03 mg/L) is very common in groundwaters of the 
Niger Delta. A range of 0.0 – 6.2 mg/L was recorded 
in groundwaters from 60 locations in eastern Niger 
Delta by Abam and Nwankwoala (2020) though lower 
values - 0.005 – 0.738 mg/L and 0.18 – 0.28 mg/L were 
recorded elsewhere in Akwa Ibom State by Etesin et al. 
(2021) and Umana et al. (2022) respectively. Jagaba et 
al. (2020) equally recorded lower values (0.01 - 0.41 
mg/L) in northern Nigeria (Rafin Zurfi, Bauchi State). 
Zhang et al. (2003) pointed that acute exposure to Fe 
come with neurological dysfunction, while Musa et al. 
(2013) reported that chronic intake of Fe is associated 
with gastrointestinal irritation, which could led to high 
growth of Iron bacteria.

Lead (Pb) ranged between 0.001 and 0.02 mg/l. 
The highest value was recorded in well 2 and the 
lowest were in wells 1 and 4. All the values were within 
the acceptable limit (0.01 mg/l) set by FMEnv (2011) 
except in well 2 where all the values exceeded limit and 
significantly (p < 0.05) different from the other wells. 
This could be attributed to anthropogenic influence 
(wastes from the roadside market and automobile 
workshops) and well condition. Well 2 was well 
constructed but had no cover which could predispose 
it to wet and dry atmospheric depositions (Singh et al., 
2022). High values were recorded elsewhere in Nigeria, 
Folorunsho et al. (2022) recorded 0.00 – 1.60 mg/L in 
hand dug wells around dumpsites in Okene, Kogi State, 
Nigeria, Jagaba et al. (2020) recorded 0.01 - 0.87 mg/L 

in Rafin Zurfi, Bauchi State, Nigeria and Ogbonna et al. 
(2022) recorded higher values (0.00 – 2.64 mg/L) in 
Ibadan, Nigeria. However, Pb was not recorded by Tsor 
et al. (2022) in Makurdi, Benue State, Nigeria. Lead 
(Pb) is both a toxic and non-essential heavy metal that 
contributes no nutritional value to living organisms, 
including humans (Balali-Mood et al., 2021). Pb 
is injurious even at low concentration in drinking 
water (Mahipal and Rajeev, 2019). High exposure to 
lead toxicity is associated with poor coordination of 
brain, central nervous system and kidney dysfunction 
(Sanders et al., 2009; Collin et al., 2022). Jonah et al. 
(2023b) documented that lead toxicity in adult causes 
constipation and anemia while in children; it causes 
noxiousness and dysfunction of central nervous system.

The arsenic (As) values ranged between 0.00 
and 0.004 mg/L and was recorded only in Wells 4 and 
5. These values were lower than the acceptable limit 
(0.01 mg/L) set by FMEnv (2011). The arsenic values 
recorded could be attributed to pesticides and fertilizers 
used in the rice farms around the wells. Studies have 
shown that fertilizers and agrochemicals are sources of 
arsenic in groundwater (Ogunkolu et al., 2018; Islam 
and Mostafa, 2021). Elsewhere in Nigeria, higher values 
were recorded. Ogunkolu et al. (2018) recorded 0.20 
– 0.25 mg/L in wells in Asa Local Government Area, 
Kwara State, Nigeria, Abubakar et al. (2021) recorded 
0.00 – 0.02 mg/L in New Panteka Area, Kaduna, Kaduna 
State, Nigeria and Mshelia and Bulama (2023) in Kano 
Metropolis, Kano State, Nigeria. Arsenic is a known 
carcinogen and toxic at low levels; making its presence 
in drinking water hazardous (USGS, 2019). Diseases 
associated with arsenic poisoning include spots on the 
skin, high blood pressure, diabetes, cancers of the skin, 
urinary bladder, kidney and lungs (Prakash and Verma, 
2021).

Heavy metal pollution index (HPI) and 
comprehensive pollution index (CP1) has been used 
to evaluate the overall quality of water for different 
purposes (Anyanwu and Umeham, 2020; Anyanwu et 
al., 2020; Anyanwu et al., 2022a, b; Prasad et al., 2022; 
Jonah et al., 2023b).

The HPI and CPI values are also presented in 
Table 1. The HPI values ranged from 44.62 to 126.30. 
The highest was recorded in well 2 while the lowest 
was in well 1. This could be attributed combined 
effects of anthropogenic activities and well conditions; 
reflecting the concentrations of heavy metals in the 
study area. The HPI value recorded in wells 2, 4 and 5 
exceeded the threshold and critical index value (100), 
indicating moderate metallic contamination (Mohan et 
al., 1996; Prasad and Bose, 2001). Higher HPI values 
were recorded elsewhere in Nigeria. Kwaya et al. 
(2019) recorded extremely high values (2.93 - 19572) 
in groundwater (boreholes and wells) in Maru Town 
and environs in Zamfara State, Nigeria and Abubakar 
Kana (2022) recorded 64.72 – 379.86 in groundwater 
(boreholes and wells) in Tudun Wada town, Karu, 
Central Nigeria.

On the other hand, CPI values ranged between 
0.48 and 1.33; following the same trend as HPI. The 
highest value was recorded in Well 2 while the lowest 
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was in well 1; attributed to the same factors. According 
to Matta et al. (2018), Wells 1, 3 – 5 were classified 
as slightly polluted while well 2 was classified as 
moderately polluted. CPI has been previously applied 
in the assessment of surface water in Nigeria (Anyanwu 
et al., 2022a; Jonah et al., 2023b) with good results. It 
has helped in drawing a reliable inference on the water 
quality of the wells assessed in respect to heavy metal 
concentrations.

4. Conclusion

All the heavy metals evaluated had values that 
exceeded acceptable limits except lead and arsenic. 
Wells 2, 4 and 5 recorded values that were generally 
higher and/or had values that exceeded acceptable 
limits. This could be attributed to geogenic and 
anthropogenic influences as well as the general 
conditions of the wells and their environment. The 
water quality indices (HPI and CPI) showed varying 
levels of heavy metal pollution. Consequently, it can 
be concluded that water from wells 2, 4 and 5 is not 
suitable for human consumption. However, it can be 
used for other purposes.
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