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Abstract

Access to safe drinking water is a critical public health concern, particularly in semi-arid regions such
as Damaturu, Yobe State, Nigeria, where anthropogenic activities and environmental factors may
increase heavy metal contamination. This study aimed to evaluate the levels of selected heavy metals in
drinking water sources and assess their potential health risks. Twenty water samples were collected
using a simple random sampling technique, each labeled with a unique identification code and
georeferenced with GPS coordinates. Heavy metal concentrations were determined using a Micro
Plasma Atomic Emission Spectrometer. The mean concentrations obtained were 0.4355 mg/L for
arsenic (As), 0.076 mg/L for lead (Pb), 0.0271 mg/L for cadmium (Cd), 0.915 mg/L for chromium (Cr),
0.29615 mg/L for nickel (Ni), 0.01706 mg/L for zinc (Zn), 3.4249 mg/L for manganese (Mn), and
11.0635 mg/L for magnesium (Mg). Risk assessment revealed that the estimated daily intake of As, Pb,
Cd, and Cr exceeded the permissible limits set by the World Health Organization (WHO) and United
States Environmental Protection Agency (USEPA). Furthermore, hazard quotients (HQ) and hazard
indices (HI) were greater than one, indicating significant non-carcinogenic risks, while incremental
lifetime cancer risk (ILCR) values surpassed acceptable thresholds, suggesting elevated carcinogenic
risks. These findings highlight a substantial threat to public health from long-term consumption of
contaminated water in Damaturu. Continuous monitoring, public awareness, and the enforcement of
regulatory interventions are therefore essential to mitigate exposure and safequard water quality in the
region.
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INTRODUCTION

The availability of safe and clean drinking water is essential for safeguarding public health
and supporting socioeconomic progress. However, contamination of drinking water by heavy
metals has become a significant environmental and health concern worldwide, particularly in
developing countries where industrialization, agricultural activities, and inadequate waste
management practices often lead to elevated levels of toxic metals in water sources (WHO,
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2000; Jarup, 2003; Tchounwou et al., 2012). Heavy metals such as lead (Pb), cadmium (Cd),
arsenic (As), mercury (Hg), and chromium (Cr) are persistent environmental pollutants that
can bioaccumulate and pose serious health risks including neurological, renal, and

carcinogenic effects even at low concentrations (World Health Organization, 2017; Abubakar
et al., 2021; Bello et al., 2020).

The presence of heavy metals in drinking water often arises from both natural and
anthropogenic influences. Geochemical processes such as soil and rock weathering,
alongside human activities including mining, industrial discharges, and agricultural
runoff, serve as major contributors to the release of these metals into water systems
(Tchounwou et al., 2012; EPA, 1989). In the context of Damaturu, Yobe State,
groundwater contamination may stem from agricultural activities involving chemical
fertilizers and pesticides, as well as from inappropriate waste management practices.
Toxic elements such as lead, cadmium, arsenic, and mercury are particularly
problematic due to their environmental persistence and bioaccumulative tendencies.
Once ingested through drinking water, they can build up in vital organs and tissues,
potentially resulting in long-term health problems including neurological
impairments, kidney dysfunction, cardiovascular complications, and an elevated risk
of cancer (EPA, 1991; Adebo & Adetoyinbo, 2009; Adeleke et al., 2019; Ghanbari et al.,
2018).

The potential health consequences of heavy metal exposure are even more critical in regions
where healthcare services and public awareness regarding water quality are inadequate. In
Nigeria, the rising demand for potable water, combined with insufficient treatment facilities,
heightens the likelihood of exposure, particularly in rural and peri-urban settings such as
Damaturu. Despite its significance, there remains limited research on the concentration of
heavy metals in local drinking water sources and their corresponding health implications.
Against this backdrop, the present study investigates the levels of selected heavy metals in
water samples from Damaturu and evaluates the associated risks using recognized health risk
assessment models. The outcomes of this study are expected to guide policymakers and
relevant stakeholders in formulating strategies aimed at safeguarding water quality and
improving community health.

MATERIALS AND METHOD

Study Area

Damaturu is a key town in Yobe State, northeastern Nigeria, situated in a semi-arid climate
with hot, dry seasons and limited rainfall. Damaturu, located at approximately 11.7461° N,
11.9608° E, serves as the state capital. Damaturu has a population of around 44,000, whereas
Gashua has about 125,000 residents. Agriculture is central to the economy, with residents
engaged in cultivating crops such as millet, sorghum, maize, and rice. In addition to farming,
livestock rearing, including cattle, sheep, and goats, is common, especially among the Kanuri
and Fulani ethnic groups (Umar et al., 2018).

Damaturu face challenges, including environmental issues like desertification and climate
impacts on water resources. Security issues have also disrupted economic stability, but recent
improvements have enabled slow recovery efforts. The people’s resilience continues to drive
progress in these communities, even amid ongoing challenges (Ismaila ef al., 2019).
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Figure 1: Map of study area.

Population, Sample, and Sampling Technique

The study focused on drinking water sources within Damaturu, Yobe State, Nigeria. To ensure
fair representation and equal probability of sample selection, a simple random sampling
approach was applied. A total of twenty (20) water samples were collected from the study
area.

Sample Collection Procedure

Prior to sampling, all plastic containers were thoroughly washed and rinsed with distilled
water to eliminate any possible contamination. Each container was then pretreated with
concentrated nitric acid (20 ml per liter of water) to reduce the adsorption of dissolved radon
on the container walls. Water was drawn from wells to guarantee fresh samples, with
containers filled completely to eliminate headspace and prevent carbon dioxide dissolution,
which could otherwise alter chemical parameters such as pH. Immediately after filling, the
containers were tightly sealed to minimize radon loss through degassing during transport.

Samples were transported to the laboratory without undue delay (not exceeding three days)
in order to minimize the effects of radioactive decay. Each sample was given a unique
identification code, and its geographical coordinates were recorded using a GPS device.

Sample Preparation for Heavy Metal Analysis

For digestion, 250 ml of each water sample was measured into a conical flask, and 5 ml of
concentrated nitric acid was added. The mixture was heated in a microwave system until its
volume was reduced to approximately one-third of the original, ensuring the breakdown of
complex compounds and the release of metal ions into solution. The digested sample was
filtered through standard filter paper into a clean beaker, diluted to 50 ml with distilled water,
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and mixed thoroughly. Prepared samples were transferred into clean bottles for analysis using
a Micro Plasma Atomic Emission Spectrometer (MP-AES).

Analytical Procedure

All prepared samples were analyzed for heavy metal concentrations using MP-AES under
recommended operating conditions. To maintain data quality, each sample was tested in
triplicate. Additionally, after every ten samples, two standards—a blank and a 2.5 mg/L
standard —were analyzed. The reproducibility of results was confirmed at a 95% confidence
interval, and the mean value for each element was considered for further interpretation.
Standard solutions were prepared from certified 1000 mg/L stock solutions of each metal by
dilution with double-distilled water. All reagents and acids used were of analytical grade. The
analyses were conducted at the Centre for Dryland Agriculture, Bayero University, Kano,
Nigeria.

Estimation of Hazard Parameters for Heavy Metal Exposure
To evaluate both carcinogenic and non-carcinogenic risks in children and adults, the chronic
daily intake (CDI) was calculated, representing the lifetime average daily dose of exposure.

CDI was determined using Equation (1):
CxIRXEFXED

Where: CDI is the chronic daily intake (mg/kg/day); C is the concentration of the
contaminant in water sample (mg/L); IR is the ingestion rate per unit time (1 L/day for a child
and 2.2 L/day for an adult); ED is the exposure duration (6 years for a child and 30 years for
an adult); EF is the exposure frequency (365 days/year); BW is body weight (15 kg for a child
and 70 kg for an adult); AT is the average exposure time (for carcinogens, AT = 70 x 365 =
2550 days for both children and adults; for non-carcinogens, AT = ED x 365 = 2190 days and
10950 days for children and adults, respectively) (Bamuwuwamye et al., 2017; Grzetic &
Ghariani, 2008).

i.  Non-Cancer risks: The non-cancer risk was assessed using the hazard quotient (HQ),

calculated as:
cDI

HQ = =5 2
Where: HQ is hazard quotient, RfD is the oral reference dose, i.e., the estimated daily exposure
level that is unlikely to cause adverse effects over a lifetime. The cumulative non-cancer risk
posed by multiple heavy metals was estimated using the hazard index (HI), obtained by
summing all HQ values. An HQ or HI value < 1 indicates negligible risk, while values > 1
suggest potential non-carcinogenic health effects (Asonye et al., 2007; Guerra et al., 2012;
Herschy, 1999).

ii.  Carcinogenic Risk Assessment: Cancer risk was estimated in terms of the incremental
lifetime cancer risk (ILCR), representing the probability of developing cancer from lifetime
exposure to a carcinogen. ILCR was calculated as:

ILCR = CDIxCSF (3)
Where: ILCR is the incremental lifetime cancer risk, CDI is the chronic daily intake
(mg/kg/day), CSF is the cancer slope factor (mg/kg/day)1.

The total cancer risk due to exposure from multiple metals was taken as the sum of all ILCR
values () ILCR). According to the United States Environmental Protection Agency (USEPA),
an acceptable cancer risk level ranges between 1 x 10-¢ and 1 x 10-* (Sultana et al., 2017).
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Table 1: Parameters and input assumptions for exposure assessment of metals through
ingestion and dermal pathways (Guerra et al., 2012).

Parameter Unit Values
Ingestion Dermal adsorption

Heavy metal concentrations (Cw) mg/L - -

Daily average intake (DI) L/day 22 -

Skin-surface area (SA) cm? - 180000

Permeability coefficient (Kp) cm/hour - Cu, Pb, Ba 0.001, Cr,
0.002, Zn 0.006, Ni
0.0002

Exposure time (ET) Hour/event - 0.58

Exposure frequency (EF) Day/years 365 350

Exposure duration (EP) Year 70 30

Conversion factor (CF) L/cm3 0.001

Body weight (BW) Kg 70 70

ABS All 0.001 0.001

Average time (AT) Days 25550 25550

Table 2: Reference dose (RfD) and cancer slope factor (CSF) for different metals (Aliyu et

al., 2020).
Element Rdforal Rdfgermat CSF (kg/day/mg)
Pb 1.4 0.42 8.5
Cr 3 0.015 41
Cd 0.5 0.005 6.1
Mo 5 1.9 -
Zn 300 60 -
Cu 40 12 -
Ba 70 14 -
Ni 20 5.4 0.84

RESULTS AND DISCUSSION

The results of heavy metals concentration in water sample from Damaturu, Yobe State,
Nigeria are presented in Table 3 and Figure 2. The level of As, Pb, Cd, Cr, Ni, Zn, Mn, and Mg
in the water sample were determined.

Table 3: Heavy metals concentration levels in water samples collected from some selected
wells in Damaturu, Yobe State.

Sample Heavy Metals Concentration Level (mg/L)
As Pb Cd Cr Ni Zn Mn Mg

DAM1 0.382 0.002  0.03 3.559 0.269 0.001 3.223 10.006
DAM2 0.437 0.036  0.02 13.917 0.547 0.0012 5.432 14.139
DAM3 0.421 0.031  0.02 0.04 0.261 0.023 3.142 9.243
DAM4 0.453 0.083  0.04 0.03 0.333 0.04 4.022 9.438
DAM5 0.502 0199  0.01 0.083 0.143 0.022 3.91 11.538
DAM6 0.355 0.022  0.03 0.012 0.355 0.012 2.013 13.452
DAM7 0.316 0.006  0.02 0.043 0.263 0.012 3.043 9.001
DAMS 0.467 0.037  0.06 0.062 0.441 0.026 4111 11.043
DAM9 0.599 0198  0.03 0.076 0.331 0.006 3.672 14.823
DAM10 0.388 0.003  0.05 0.03 0.183 0.055 3.261 12.435
DAM11 0.345 0.005  0.01 0.08 0.263 0.009 2.821 7.392
DAM12 0.456 0.072  0.012 0.02 0.483 0.015 3.542 10.342
DAM13 0.567 0.188  0.03 0.05 0.222 0.003 3.193 15.532
DAM14 0.543 0.198  0.02 0.02 0.332 0.002 4271 12.882
DAM15 0.432 0.099  0.04 0.07 0.142 0.005 2.712 7.332
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DAM16 0.421 0.031  0.02 0.04 0.261 0.023 3.142 9.243
DAM17 0.453 0.083  0.04 0.03 0.333 0.04 4.022 9.438
DAM18 0.502 0199  0.01 0.083 0.143 0.022 3.91 11.538
DAM19 0.355 0.022  0.03 0.012 0.355 0.012 2.013 13.452
DAM20 0.316 0.006  0.02 0.043 0.263 0.012 3.043 9.001
Mean 04355 0.076  0.0271 0915 029615  0.01706 3.4249  11.0635
Min 0.316 0.002  0.01 0.012 0.142 0.001 2.013 7.332
Max 0.599 0199  0.06 13.917 0.547 0.055 5.432 15.532
WHO 0.01 0.01 0.003 0.05 0.07 NA 0.4 NA
USEPA 0.01 0.015  0.005 0.1 0.1 NA 0.05 NA
EU 0.01 0.01 0.05 0.05 0.02 0.1 0.05 NA
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Figure 2: Comparison of heavy metals concentration levels in water samples collected from some selected wells
in Damaturu, Yobe State.

Table 3 and Figure 2 presents the results of heavy metals concentration levels in water samples
collected from some selected wells in Damaturu, Yobe State. The mean concentrations of the
heavy metals are As (0.4355 mg/L), Pb (0.076 mg/L), Cd (0.0271 mg/L), Cr (0.915 mg/L), Ni
(0.29615 mg/L), Zn (0.01706 mg/L), Mn (3.4249 mg/L), and Mg (11.0635 mg/L). This values
significantly exceed the recommended limits set by the World Health Organization (WHO)
and the U.S. Environmental Protection Agency (USEPA) for drinking water in most cases. As,
Pb, Cd, Cr, Ni, and Mn are found at levels far above the safe thresholds, indicating potential
health risks such as cancer, kidney damage, and neurological disorders. These elevated levels
highlight the severity of contamination and the urgent need for intervention.

While Zinc and Magnesium do not have strict drinking water limits set by WHO or USEPA,
their presence should still be monitored to prevent long-term health impacts. High levels of
these metals in water or other environmental media can arise from industrial discharge,
mining activities, and agricultural runoff. Given the significant exceedances in toxic metals,
immediate mitigation strategies such as water treatment, pollution source control, and public
health interventions are necessary. Further, a comprehensive assessment of the contamination
sources and possible bioaccumulation risks should be conducted to prevent long-term
environmental and health hazards.
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Table 4: Calculated Chronic Daily Intake of water samples collected from Damaturu, Yobe

State.
Sample Chronic Daily Intake (mg/L/day)
code As Pb cd Cr Ni Zn Mn Mg
DAM1 0.010914 5.71E-05 0.000857 0.101686 0.007686 2.86E-05 0.092086 0.285886
DAM2 0.012486 0.001029 0.000571 0.397629 0.015629 3.43E-05 0.1552 0.403971
DAM3 0.012029 0.000886 0.000571 0.001143 0.007457 0.000657 0.089771 0.264086
DAM4 0.012943 0.002371 0.001143 0.000857 0.009514 0.001143 0.114914 0.269657
DAMb5 0.014343 0.005686 0.000286 0.002371 0.004086 0.000629 0.111714 0.329657
DAM6 0.010143 0.000629 0.000857 0.000343 0.010143 0.000343 0.057514 0.384343
DAM7 0.009029 0.000171 0.000571 0.001229 0.007514 0.000343 0.086943 0.257171
DAMS 0.013343 0.001057 0.001714 0.001771 0.0126 0.000743 0.117457 0.315514
DAMY 0.017114 0.005657 0.000857 0.002171 0.009457 0.000171 0.104914 0.423514
DAM10  0.011086 8.57E-05 0.001429 0.000857 0.005229 0.001571 0.093171 0.355286
DAM11 0.009857 0.000143 0.000286 0.002286 0.007514 0.000257 0.0806 0.2112
DAM12  0.013029 0.002057 0.000343 0.000571 0.0138 0.000429 0.1012 0.295486
DAM13 0.0162 0.005371 0.000857 0.001429 0.006343 8.57E-05 0.091229 0.443771
DAM14  0.015514 0.005657 0.000571 0.000571 0.009486 5.71E-05 0.122029 0.368057
DAM15 0.012343 0.002829 0.001143 0.002 0.004057 0.000143 0.077486 0.209486
DAM16  0.012029 0.000886 0.000571 0.001143 0.007457 0.000657 0.089771 0.264086
DAM17  0.012943 0.002371 0.001143 0.000857 0.009514 0.001143 0.114914 0.269657
DAM18 0.014343 0.005686 0.000286 0.002371 0.004086 0.000629 0.111714 0.329657
DAM19  0.010143 0.000629 0.000857 0.000343 0.010143 0.000343 0.057514 0.384343
DAM20  0.009029 0.000171 0.000571 0.001229 0.007514 0.000343 0.086943 0.257171
Mean 0.012443 0.002171 0.000774 0.026143 0.008461 0.000487 0.097854 0.3161
Min 0.009029 5.71E-05 0.000286 0.000343 0.004057 2.86E-05 0.057514 0.209486
Max 0.017114 0.005686 0.001714 0.397629 0.015629 0.001571 0.1552 0.443771
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Figure 3: Comparison of calculated Chronic Daily Intake of water samples collected from Damaturu, Yobe State.
Table 4 and Figure 3 illustrates the estimated chronic daily intake (CDI) of drinking water
samples obtained from Damaturu, Yobe State. The CDI assessment indicates that long-term
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consumption of these water sources may pose considerable health risks. Specifically, the CDI
values for arsenic (0.012443 mg/kg/day), lead (0.002171 mg/kg/day), cadmium (0.000774
mg/kg/day), and chromium (0.026143 mg/kg/day) were found to surpass the permissible
thresholds set by international health agencies, suggesting potential toxic effects from
sustained exposure.

Arsenic ingestion is linked to adverse outcomes such as skin lesions, cardiovascular
complications, and elevated cancer risk. Lead, even at minimal concentrations, can impair
neurological development, reduce cognitive performance, and trigger behavioral disorders in
children. Cadmium is primarily nephrotoxic and has been associated with bone fragility and
pulmonary conditions. Chromium, particularly in its hexavalent state, is recognized for
causing gastrointestinal irritation, respiratory problems, and carcinogenic effects.

Other heavy metals detected, such as Ni (0.008461 mg/kg/day) and Mg (0.097854
mg/kg/day), pose additional health risks. Ni exposure is known to cause allergic reactions,
lung fibrosis, and potential carcinogenic effects. Mn, when ingested at high levels over time,
affects the nervous system and can result in cognitive and motor impairments similar to
Parkinson’s disease. Magnesium, though an essential mineral (0.3161 mg/kg/day), does not
pose a major health risk at this level. However, excessive intake can cause digestive issues
such as diarrhea. Zinc, present at 0.000487 mg/kg/day, is within safe limits and is vital for
immune function, but excessive exposure could lead to nausea and impaired copper
absorption. Given these risks, regular monitoring, remediation strategies, and safe drinking
water interventions are necessary to mitigate potential health impacts in Damaturu.
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Figure 4: Comparison of calculated hazard quotient for water samples collected from Damaturu, Yobe State.

Figure 4 present the calculated hazard quotient for water samples collected from Damaturu,
Yobe State. The hazard quotient (HQ) values for the water sample indicate varying levels of
potential health risks associated with chronic exposure to heavy metals. The results show that
arsenic (41.47619), cadmium (1.548571), chromium (8.714286), manganese (6.989592), and
magnesium (3.161) exceed the safe threshold of 1, suggesting significant potential health
effects. Arsenic, with the highest HQ, is particularly concerning as long-term ingestion of
arsenic-contaminated water is linked to severe health issues, including skin lesions,
cardiovascular diseases, and cancer (Sultana et al., 2017). Similarly, chromium, likely in its
hexavalent form, is highly toxic, posing risks of lung cancer and oxidative stress. Cadmium’s
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HQ above 1 indicates potential kidney damage and bone demineralization (JECFA, 2011). The
high HQ values for manganese and magnesium suggest possible neurological effects and
gastrointestinal disturbances with prolonged exposure, despite these being essential elements
(IOM, 2001).

In contrast, lead (0.542857), nickel (0.423071), and zinc (0.001625) have HQ values below 1,
indicating a lower immediate risk from water consumption. However, lead remains a
significant concern even at low levels, as it is a non-threshold toxicant associated with
neurodevelopmental impairments in children. Nickel, while below the risk threshold, can still
lead to allergic reactions and respiratory issues with prolonged exposure (Tepanosyan et al.,
2017). Zinc, being an essential micronutrient, presents no significant health risk at the
observed concentration. Overall, the results highlight the need for urgent mitigation strategies
for arsenic, chromium, cadmium, manganese, and magnesium in the water sample to prevent
potential long-term health consequences for consumers.
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Figure 5: Comparison of calculated hazard index of water sample collected from Damaturu, Yobe State.

Figure 5 present the calculated hazard index of water sample collected from Damaturu, Yobe
State. The hazard index (HI) is the sum of the individual hazard quotients (HQs) for multiple
contaminants and is used to assess the overall non-carcinogenic health risk from exposure to
multiple heavy metals. If HI > 1, there is a potential for adverse health effects, with the risk
increasing as the HI value rises. In this case, the calculated mean HI is 62.85719, which is
significantly above the safety threshold. This indicates a high likelihood of chronic health risks
associated with long-term exposure to heavy metals in the water sample. The primary
contributors to this elevated HI are arsenic (41.47619), chromium (8.714286), manganese
(6.989592), and magnesium (3.161), all of which individually exceed the safety limit (HQ > 1).

The extremely high contribution of arsenic suggests an urgent need for remediation, as
chronic arsenic exposure is strongly linked to cancer, cardiovascular diseases, and
neurological impairments. Chromium, if in the toxic hexavalent form, poses risks of oxidative
stress, liver and kidney damage, and carcinogenicity, while manganese exposure may result
in neurotoxic effects resembling Parkinson’s disease (WHO, 2000).

Although some metals, such as lead (0.542857), nickel (0.423071), and zinc (0.001625), have
individual HQ values below 1, their cumulative presence contributes to the overall risk. The
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extremely high HI value (62.85719) suggests that the combined exposure to these heavy metals
could have synergistic or additive effects on human health, making it necessary to implement
immediate water treatment interventions and regulatory monitoring. Chronic exposure to
multiple contaminants can increase the risk of organ damage, immune dysfunction, and
developmental toxicity, particularly in vulnerable populations such as children and pregnant
women (Adewuyi et al., 2019). To reduce the health risk, filtration systems, source control, and
strict regulatory enforcement should be considered to ensure the water meets WHO and EPA
drinking water safety guidelines.
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Figure 6: Comparison of calculated incremental life-time cancer risk of heavy metals in water sample collected
from Damaturu, Yobe State.

Figure 6 illustrates the estimated incremental lifetime cancer risk (ILCR) associated with
heavy metals detected in drinking water from Damaturu, Yobe State. The ILCR provides an
indication of the likelihood that an individual may develop cancer over a lifetime as a result
of exposure to carcinogenic substances. The U.S. Environmental Protection Agency (USEPA)
classifies ILCR values within the range of 1 x 10 to 1 x 10 as tolerable, whereas values above
1 x 10 are regarded as indicative of a significant carcinogenic risk. The results for the water
samples show that arsenic (0.018664), cadmium (0.004723), chromium (0.013071), and nickel
(0.0077) have non-negligible cancer risks, with arsenic posing the highest threat. Arsenic
exposure is strongly linked to skin, lung, bladder, and liver cancer (WHO, 2011). Chromium,
especially in its hexavalent form (Cr®'), is a known group 1 carcinogen, associated with lung
cancer, DNA damage, and oxidative stress. Cadmium, classified as a group 1 carcinogen by
the International Agency for Research on Cancer (IARC), is linked to lung, prostate, and
kidney cancer (EPA, 1989). Nickel, although a lesser contributor, has been associated with
respiratory and nasal cancers upon chronic exposure (EPA, 1991; Tepanosyan et al., 2017).

Lead (1.85E-05) falls within the acceptable cancer risk range, while zinc, manganese, and
magnesium show no cancer risk (0). However, lead is a probable carcinogen (group 2A),
meaning prolonged exposure could still pose potential risks, particularly for renal and
neurological cancers (EPA, 1989). The total mean ILCR (0.044177) significantly exceeds the
acceptable limit of 10, indicating a very high potential cancer risk from long-term water
consumption. The World Health Organization (WHO, 2000; Sultana et al., 2017) emphasizes
that exposure to arsenic and chromium in drinking water should be minimized as much as
possible due to their strong carcinogenic properties. To mitigate these risks, immediate
interventions such as water treatment technologies, stricter regulatory monitoring, and
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community health awareness programs should be implemented to ensure compliance with
EPA and WHO drinking water safety standards.

CONCLUSION

The findings of this research indicate that well water from selected locations in Damaturu,
Yobe State, Nigeria, contains elevated levels of heavy metals. Concentrations of arsenic (As),
lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni), zinc (Zn), manganese (Mn), and
magnesium (Mg) in several samples were found to surpass the guideline limits set by the
World Health Organization (WHO) and the Nigerian Standard for Drinking Water Quality
(NSDWQ). Such contamination presents considerable health concerns, including potential
damage to the nervous system, kidney dysfunction, and an increased risk of cancer following
long-term ingestion. These results highlight the critical need for continuous assessment of
drinking water sources, adoption of appropriate purification methods, and targeted public
health strategies to minimize exposure and safeguard community health.

REFERENCES

Abubakar, M. G., Udochukwu, M. O. & Enokela, O. S. (2021): The Effect of Land Uses on Soil
Erodibility (Index) and Soil Loss of the Keana Geological Sediments of Parts of
Nasarawa State, Nigeria. Asian Soil Research Journal 5(3), 10-20.

Adebo, B. A. & Adetoyinbo, A. A. (2009): Assessment of groundwater quality in
unconsolidated sedimentary coastal aquifer in Lagos State, Nigeria. Scientific
Research and Essay, 4 (4), 314 - 319.

Adeleke, A. S., Fakorede, S. I, & Olajide, O. A. (2019): Analysis of heavy metals and
radionuclides in groundwater in Nigeria. Journal of Environmental Health Science, 21(3),
147-158.

Adewuyi, G. O., Fagbenro, S. P., & Ola, A. O. (2019): Heavy metal contamination of drinking water
sources in Nigeria: A case study of rural areas. Environmental Monitoring and
Assessment, 191(8), 1-12.

Aliyu, H. A., Musa, A., & Salihu, Z. (2020): Impact of mining activities on heavy metal
contamination in Nigerian water resources. International Journal of Environmental
Science, 18(2), 92-101.

Asonye, C. C., Okolie, N. P., Okenwa, E. E. & Iwuanyanwu, U. G. (2007): Some
Physicochemical characteristics and heavy metal profile of Nigerian rivers, streams
and waterways. African Journal of Biotechnology, 6(5), 617 - 624.

Bamuwuwamye, M., Ogwok, P., Tumuhairwe, V., Eragu, R., Nakisozi, H., & Ogwang, P. E.
(2017): Human health risk assessment of heavy metals in Kampala (Uganda) drinking
water, . Food Res. 6 (4) (2017) 6-16.

Bello, O. S., Oyewale, A. T., & Abdulhamid, M. A. (2020): Assessment of trace metals in drinking
water sources in Northern Nigeria. Journal of Environmental Science and Health, 55(12),
1490-1501.

EPA. (1989): Risk Assessment Guidance for Superfund: Human Health Evaluation Manual.
U.S. Environmental Protection Agency.

EPA. (1991): Integrated Risk Information System (IRIS) on Nickel. U.S. Environmental
Protection Agency.

Ghanbari, M., Mohammadi, S., & Ataei, A. (2018): Assessment of radon concentration in
drinking water sources and estimation of annual effective dose in Iran. Radiation
Protection Dosimetry, 181(1), 40-47. https:/ /doi.org/10.1093 /rpd /ncx255

Grzetic, I. & Ghariani, A.R.H. (2008): Potential health risk assessment for soil heavy metal
contamination in the central zone of Belgrade (Serbia). Journal of Serbian Chemical
Society, 73(1), 923-934.

lliya I. F., Umaru I., Inusa I. E., DUJOPAS 11 (4a): 223-234, 2025 233



Health Risk Evaluation of Heavy Metal Levels in Drinking Water Sources Across Damaturu, Yobe State, Nigeria

Guerra, F., Trevizam, A.R., Muraoka, T., Marcante, N.C. & Canniatti-Brazaca, S.G. (2012):
Heavy metals in vegetables and potential risk for human health. Journal of Science and
Agric, 69(1), 54-60.

Herschy, R. W. (1999): Hydrometry Principles and Practices (2nd Ed.). John Wiley & Sons,
Chicchester. Pp. 43.

Jarup, L. (2003): Hazards oollf heavy metal contamination. British Medical Bulletin, 68(1), 167~
182. https://doi.org/10.1093 /bmb/1dg032

Sultana, M.S., Rana, S., Yamazaki, S., Aono, T. & Yoshida, S. (2017): Health risk assessment for
carcinogenic and non-carcinogenic heavy metal exposures from vegetables and fruits
of Bangladesh, Cogent Environ. Sci. 3 (1), 1291107.

Tchounwou, P. B, Yedjou, C. G,, Patlolla, A. K., & Sutton, D. J. (2012): Heavy metal toxicity
and the environment. EXS, 101, 133-164. https:/ /doi.org/10.1007 /978-3-7643-8340-
4 6

Tepanosyan, G., Maghakyan, N., Sahakyan, L. & Saghatelyan, A. (2017): Heavy metals
pollution levels and children health risk assessment of Yerevan kindergartens soils,
Ecotoxicol. Environ. Saf. 142 (1), 257-265.

WHO (2000): Handbook on Indoor Radon: a public health perspective. edited by HajoZeeb and
FeridShannoun. 3 - 14.

World Health Organization. (2017): Guidelines for drinking-water quality: Fourth edition
incorporating the first addendum. WHO Press.
https:/ /www.who.int/publications/i/item/ 9789241549950

Ismaila, M., Mohammed, B. G., Lawan, B., Ali, M., Baburo, S. I. B.,, Modu, A. B, & Ma’aji, A.
M. (2019): Assessment of micronutrients status of Damaturu soils of Yobe State,
Nigeria. Asian  Journal of Plant  and Soil Sciences, 4(1), 1-6.
https://doi.org/10.56557 / ajopss/2019/v4i118 journalplantsoil.com

Umar, Y., Yusuf, S. D., & Rabi, M. G. (2018): Impact of desertification on agricultural land in
north east Yobe State. Journal of Global Ecology and Environment, 8(2), 50-56.

lliya I. F., Umaru I., Inusa I. E., DUJOPAS 11 (4a): 223-234, 2025 234


https://doi.org/10.1093/bmb/ldg032
https://doi.org/10.1007/978-3-7643-8340-4_6
https://doi.org/10.1007/978-3-7643-8340-4_6
https://www.who.int/publications/i/item/9789241549950
https://journalplantsoil.com/index.php/AJOPSS/article/view/18?utm_source=chatgpt.com

