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Abstract

Borehole water contamination from abattoir operations is an emerging environmental and public health
concern in developing urban centers like Kaduna Metropolis. This study evaluated the pollution status
of borehole water sources located around abattoirs within Kaduna Metropolis, Nigeria, focusing on
heavy metals and physicochemical parameters to assess compliance with international and national
water quality standards. Borehole water samples were collected from selected abattoir and control sites.
Heavy metal concentrations were determined using Atomic Absorption Spectrophotometry (AAS),
while physicochemical parameters were analyzed following APHA Standard Methods (2017). Data
were subjected to one-way analysis of variance (ANOVA) to evaluate spatial variation, and pollution
indices such as the Contamination Factor (CF) and Pollution Load Index (PLI) were applied to assess
the degree of metal contamination. Concentrations of zinc (Zn) and copper (Cu) were within the World
Health Organization (WHO, 2017) guideline limits, suggesting no immediate health risk. In contrast,
cadmium (Cd) and lead (Pb) exceeded permissible limits at both abattoir and control locations, whereas
nickel (Ni) met WHO standards but slightly surpassed the Nigerian Standard for Drinking Water
Quality (NSDWQ) threshold. ANOVA results (p > 0.05) indicated no significant variation among
sampling sites, suggesting uniform contamination from both abattoir and non-abattoir sources. CF and
PLI values identified Tudun Wada abattoir as the most contaminated site, particularly for Cu. Most
physicochemical parameters, including pH, potassium, biochemical oxygen demand (BOD), and
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chemical oxygen demand (COD), were within acceptable limits, though nitrate (72 mg/L) and total
dissolved solids (738 mg/L) exceeded WHO standards at Tudun Wada, indicating localized pollution.

The study concludes that while groundwater around Kaduna abattoirs generally meets quality
standards for most indicators, the elevated levels of Pb and Cd highlight potential public health and
ecological risks. Continuous monitoring, improved effluent management, and enforcement of
environmental protection regulations are recommended to prevent long-term groundwater
contamination.
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INTRODUCTION

Heavy metal levels in Kaduna's surface and groundwater have risen due to rapid industrial
growth and increased residential and agricultural activities. Studies indicate that improper
disposal of wastes from tanneries, textile industries, and abattoirs is a major contributor to the
contamination of these water sources with lead (Pb), cadmium (Cd), chromium (Cr), and
nickel (Ni) (Abubakar & Uzairu, 2022). Access to safe drinking water continues to be a major
global challenge, despite its essential role in sustaining life, preserving ecological integrity,
and promoting socioeconomic development. This issue is particularly severe in rapidly
urbanizing regions of low and middle income countries, where infrastructure and governance
often struggle to keep pace with population growth and urban expansion. Abattoirs produce
substantial quantities of wastewater rich in organic matter, nutrients, and heavy metals. When
inadequately treated, this wastewater can infiltrate the soil and lead to contamination of
borehole water (Ogunlade et al., 2021). Boreholes situated close to abattoir sites are highly
vulnerable to pollution resulting from the leaching of waste pits, slaughter residues, and
discharged effluents. Inadequate treatment of this wastewater can deteriorate water quality,
permeate the soil, and ultimately contaminate borehole water (Ogunlade et al., 2021). The poor
management of abattoirs in Kaduna poses significant risks to public health and the
environment. Inadequate infrastructure, unsanitary conditions, and the proximity of abattoirs
to residential areas and water bodies contribute to the contamination of both soil and water
resources (Adelegan, 2021; Haroun et al., 2021). Studies have shown that abattoir effluents
commonly contain hazardous heavy metals, organic pollutants, and pathogenic
microorganisms, which negatively impact the quality of surrounding water resources
(Olanike, 2020; Nafarnda et al., 2019). In Kaduna, the discharge of untreated wastewater has
led to increased pollutant levels in streams and drainage channels, posing a threat to aquatic
ecosystems and elevating the risk of waterborne diseases among nearby communities (Agada
et al., 2024).

Heavy metals such as Cd, Pb, Cr, and Fe may infiltrate and leach into underlying aquifers via
processes of weathering, dissolution, and runoff leaching (Veskovic et al., 2024). Wastewater's
physicochemical parameters, including high biochemical oxygen demand (BOD), chemical
oxygen demand (COD), turbidity, total dissolved solids (TDS), and total suspended solids
(TSS), can increase contaminant mobility. Ogunlade et al. (2021), reported that concentrations
of Cd, Fe, and Pb frequently surpassed the permissible limits set by the FAO and WHO,
whereas the levels of Cr, Ni, and Mn were generally within acceptable ranges. The
accumulation of these metals poses health risks to humans and aquatic life. Moreover,
Ogunlade et al. (2021), reported turbidity levels in wastewater from abattoirs in Ekiti State,
Nigeria, ranging from 96.83 to 182.26 NTU, BOD values between 527.42 and 640.66 mg/L, and
COD levels from 850.67 to 1033.33 mg/ L all significantly exceeding WHO permissible limits.
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Pollutants from abattoirs pose significant risks to both the environment and public health if
not managed properly. Recent studies have examined the physicochemical properties and
heavy metal concentrations in abattoir wastewater, highlighting the urgent need for effective
treatment and monitoring strategies. Prolonged exposure to contaminated groundwater can
cause serious health problems such as kidney impairment, neurological disorders, and an
elevated risk of cancer (Ezekiel et al., 2019). Therefore, it is essential to monitor and manage
abattoir effluents to prevent groundwater pollution and safeguard public health.

Existing research on water contamination in Kaduna and other urban areas of Nigeria has
consistently demonstrated elevated levels of heavy metals in both surface and groundwater,
primarily due to anthropogenic activities. Industrial operations, including tanneries, textile
manufacturing, and abattoir discharges, have been widely identified as major contributors to
heavy metal pollution in both surface and groundwater systems. In Nigeria, recent studies
have confirmed elevated concentrations of Pb, Cd, Cr, and Ni in effluents and soils
surrounding abattoirs and tanneries. For instance, Bakare-Abidola et al. (2025), and Adeniji et
al. (2024) reported that abattoir wastewater and nearby soils contained Pb and Cd levels
exceeding permissible limits, posing ecological and health risks. Similarly, Garba-Barde and
Nwuyi (2023), found significant enrichment of Pb and Cd in agricultural soils amended with
tannery sludge in Kano, Nigeria. On a broader scale, Nandomah and Tetteh (2023),
demonstrated through a global systematic review that abattoir effluents contribute
substantially to heavy metal loading in aquatic ecosystems, while studies by Al-Dahri et al.
(2024), and Singh et al. (2024), highlighted that textile wastewater remains a persistent source
of Pb, Cd, Cr, and Ni contamination in industrial regions across Asia and Africa. Collectively,
these findings underscore that industrial waste discharges remain a dominant pathway for
heavy metal contamination in the environment, with implications for public health and
sustainable water management. These contaminants originate from untreated effluents that
infiltrate nearby water sources, compromising water safety and posing significant health
hazards. Similarly, several studies (Ogunlade et al., 2021; Adelegan, 2021; Haroun et al., 2021),
have emphasized that abattoir wastewater is often rich in organic matter, nutrients, and
metals, which, if not properly managed, can percolate through the soil into aquifers. The
proximity of abattoirs to residential and water catchment areas, coupled with poor waste
management practices, has further exacerbated the degradation of water quality across urban
regions in Nigeria. Reported physicochemical parameters, such as elevated biochemical
oxygen demand (BOD), chemical oxygen demand (COD), turbidity, and total dissolved solids
(TDS), indicate significant organic and inorganic pollution from abattoir sources (Ogunlade
et al., 2021).

The aim of this study is to assess the levels and spatial distribution of heavy metals, pollution
indices, and physicochemical properties in borehole water from abattoirs within Kaduna
metropolis. This evaluation will help determine the potential impacts on groundwater quality,
public health, and the urban environment. Additionally, the study seeks to generate empirical
data that will support evidence-based policy formulation and promote sustainable abattoir
management practices for a cleaner and healthier urban ecosystem.

MATERIALS AND METHODS

Description of the Study Area

Kaduna State, located in northwestern Nigeria, is situated at the geo-coordinates of
10.52640°N, 7.43880°E, according to the World Population Review. By 2025, the state's
population is projected to reach approximately 9,857,682 residents. Kaduna State is home to
several key abattoirs, including the Kakuri Abattoir (Kaduna South), Sabon Tasha (Chikun
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LGA), Kawo (Kaduna North), and Natnudo Abattoir. These slaughterhouses play a crucial
role in meat production and supply for both urban and rural communities. However, they
face significant challenges related to waste disposal, sanitation, and environmental pollution,
particularly concerning water contamination.

Sample Collection and Preservation

A total of eight (8) borehole water samples and their corresponding control samples were
collected from abattoirs within Kaduna Metropolis, Nigeria. The abattoir sampling sites
included Kakuri Abattoir (10.4582° N, 7.4265° E), Kawo Abattoir (10.5472° N, 7.4419° E),
Tudun Wada Abattoir (10.5258° N, 7.4383° E), Natnudo Abattoir (10.5663° N, 7.4375° E).
Control samples were collected from nearby non-abattoir areas, namely Kakuri Control
(10.4603° N, 7.4290° E), Kawo Control (10.5505° N, 7.4440° E), Tudun Wada Control (10.5286°
N, 7.4401° E), Natnudo Control (10.5691° N, 7.4398° E).

For physicochemical analysis, samples were collected in 2 L pre-cleaned polyethylene bottles,
while 1 L pre-cleaned polyethylene bottles were used for heavy metal determination.
Immediately after collection, 2 mL of Analar-grade concentrated nitric acid (HNOs) was
added to each sample to prevent metal precipitation and microbial activity. All samples were
stored at 4 °C and transported to the laboratory for analysis of physicochemical parameters
and heavy metals following standard procedures outlined by the American Public Health
Association (APHA, 2017).

Digestion of Samples

Approximately, 100 cm?® aliquot of each borehole water sample was measured into a 250 cm?
beaker, and 10 cm® of concentrated nitric acid (HNOs) was added. The mixture was gently
heated until it became clear and colorless, reducing the volume to approximately 30 cm?
without excessive boiling. After digestion, the solution was filtered using Whatman No. 42
filter paper to remove residues, then transferred to a 100 cm® volumetric flask and diluted
with deionized water for instrumental analysis (USEPA, 1996).

Heavy Metal Determination in Borehole Water

Heavy metal analysis of the samples was carried out by adding 5 mL of concentrated HNOs
to 200 mL of the water sample in a 250 cm® beaker. The mixture was then heated and
evaporated to near dryness (approximately 25 mL). After cooling, the solution was made up
to 25 mL with concentrated HNOs and transferred into a sample bottle for analysis, following
the procedure described by Ipinmoroti and Oshodi (1993). The concentrations of heavy metals
were subsequently determined using Atomic Absorption Spectroscopy (AAS).

Contamination factor (CF)
The CF is an index used to evaluate the extent of pollution by comparing the concentration of
a particular contaminant in an environmental medium (such as soil, sediment, or water) with
its corresponding baseline or background level (Ouchir et al., 2016; Chandrasekaran et al.,
2016).

CF=Cbn/Cn
Where Cbn denotes the background concentration of the same element and Cn represents the
measured concentration of the metal (or contaminant) in the sample.
The CF is used to assess the degree of metal contamination in environmental samples, where
CF <1 indicates low contamination, 1 < CF < 3 indicates moderate contamination, 3 < CF < 6
indicates considerable contamination, and CF > 6 indicates very high or heavy contamination
(Hakanson, 1980; Loska et al., 2004).
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Pollution load index (PLI)

The PLI is an environmental quality indicator developed by Tomlinson et al. (1980) to evaluate
the overall level of heavy metal contamination in soils, sediments, dust, or aquatic systems. It
provides a single comparative value that reflects whether a site is polluted relative to
background concentrations.

PLI=(CF1xCF2xCE3xCFn)1/n

where C;represents the concentration of the metal (or pollutant) in the borehole water sample,
and B; denotes the background or reference concentration of that metal in the environment.
The parameter n refers to the number of pollutants considered in the assessment.

The PLI provides an overall assessment of the degree of heavy metal pollution in sediments
or soils, where PLI = 1 indicates a baseline or reference condition with no significant pollution,
PLI < 1 denotes no or low pollution, and PLI > 1 signifies the presence of pollution, with the
magnitude of PLI reflecting the extent of environmental deterioration — the higher the PLI, the
greater the pollution level (Tomlinson et al., 1980).

Physicochemical Properties of Borehole Water Samples
The physicochemical properties of the borehole water samples were determined using
standard procedures as described by the American Public Health Association (APHA, 2017).
Parameters assessed included pH (measured in situ), electrical conductivity (EC), total
dissolved solids (TDS), potassium (K*), nitrate (NOs"), phosphate (PO+*"), chemical oxygen
demand (COD), and biochemical oxygen demand (BOD).

pH

pH indicates the hydrogen ion concentration and the acidity or alkalinity of water. Water
samples were measured in situ using a portable digital pH meter immediately upon
collection to prevent alterations due to storage (Uwidia & Ukulu, 2013).

Electrical Conductivity (EC)
Determined using a calibrated conductivity meter. EC reflects the total ionic content of water,
providing an indirect measure of salinity (Adeyeye, 2021).

Determination of Total Dissolved Solids (TDS)

The determination of the total dissolved solids in the water was carried out using the
Gravimetric Method. A portion of the water was filtered, and 10 mL of the filtrate was
measured into a pre-weighed evaporating dish. Following the established procedure for
calculating total solids, the total dissolved solids content of the water was calculated using the

following formula:
_  [(w1-w2)Jmgx1000
mL of the filtrate used

Total dissolved solids (mg/L)

where wi is the initial weight of evaporating dish and w is the final weight of the dish
(evaporating dish + residue) (Albu, 2010).

Determination of Nitrate (NO3’)

A photometric method was used for the determination, NOs~ Analytical water test tablets
prescribed for Palintest® Photometer 5000 (Wagtech, Thatcham. Berkshire, UK) series were
used.
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Determination of Phosphate (PO43)

The mild acid hydrolysis was used to convert the phosphate content to the soluble
orthophosophate before the colorimetric determination was carried out. One drop of
phenolphthalein indicator solution was added to 100mL of the sample and the color was
adjusted to red by the addition of 7N sodium hydroxide solution. A strong sulphuric acid was
added to the solution which was thereafter boiled gently for 90 mins while adding water to
keep the volume between 25 and 50 mL. The solution was then cooled, neutralized to a faint
pink color, and diluted to the original 100mL volume. The transmittance of the sample was
measured against a reagent blank at 400-490 nm, and the result was compared with a
calibration curve of a standard phosphate solution.

Phosphate (mg/L) = [Phosphorus content (mg) x 1000] / Sample volume (mL).

Determination of Biochemical Oxygen Demand (BOD)

This method involves filling the samples to overflowing in an airtight bottle of the specified
size and incubating it at the specified temperature for 5days. Dissolved oxygen (DO) was
measured initially and after incubation, the BOD was computed from the difference between
initial and final (DO). Because the initial (DO) was determined shortly after the dilutions were
added, all oxygen uptake occurring after this measurement was included in the BOD
measurement. One Millimeter (ImL) of MgSOs, CaCl,, phosphate buffer, FeCl; was added to
1L of water. The solution was then shaken thoroughly to saturate the dissolved oxygen. This
solution was used to dilute samples. One hundred millimeters (100mL) of the samples were
measured into different one Liter flasks and were made up to (1L) mark with the dilution
water previously prepared. The dilution sample solution was then poured into BOD bottles
and subsequently incubated at 20°C in the dark for 5 days.

Determination of Chemical Oxygen Demand (COD)

Aproximately, 250 mL of borehole water was warmed to 27°C and transferred to a cleaned
flask. 10 mL of KMnO4 0.0125 M was added and 10mL of 20% V/VH,SO, was added. It was
mixed gently and incubated at 27°C for 4 hours. The mixture was examined at intervals, when
the pink color of permanganate tends to disappear, 10mL of KMnO; was added. After 4 hours,
1 mL KI solution was added and titrated with 0.0125 M NaxS,0; using starch as an indicator
until the blue color just disappeared.

COD (mg/L) = [(mL of Blank-mL required of sample) x 1000] / A x Volume of sample used.
where A is the total volume of KMnO4 0.0125M added to samples.

Data analysis
The data analysis for the data reported in this study was done using MS-Excel and ANOVA

RESULTS

Table 1: Concentration (mg/L) of Heavy Metals in the Kaduna metropolis Abattoir Borehole
water

Heavy Metals Concentration (mg/L)

Abattoirs Zinc Cadmium Lead Nickel Copper

Kakuri 0.052+0.05  0.007+0.01  0.021+0.02  0.021+0.02 0.029+0.02
Kawo 0.201+0.20  0.00610.01 ND 0.033+0.02 0.014+0.01
Tudun Wada 0.113£0.11  0.018+0.02  0.076+0.08  0.023+0.01 0.045+0.05
Natnudo 0.052+0.05  0.007+0.01 ND 0.021+0.02 0.024+0.02

Controls (mg/L)

Kakuri Control 0.147+0.15  0.006+0.01  0.019+0.02  0.036+0.03 0.017+0.02
Kawo Control 0.081+£0.08  0.005+0.01  0.014+0.01  0.019+0.02 0.022+0.02
Tudun Wada Control 0.062+0.06  0.007+0.01  0.032+0.03  0.01940.02 0.384+0.38
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Natnudo Control 0.047+0.15 ND 0.019+0.02  0.026+0.03 0.017£0.02
Standards (mg/L)

WHO/FAOQO, (2011) 3 0.003 0.01 0.07 2

FMEnv, (2002) 3 0.003 0.01 0.02 1

Key: WHO, World Health Organization; FMenv, Federal Ministry of Environment

Table 2: Contamination Factor (CF) of Heavy Metals in Abattoirs Borehole Water Samples
from

Kaduna Metropolis
Heavy Metals Kakuri Kawo Tudun Wada Natnudo
Zinc 2.8 0.4 0.5 0.9
Cadmium 0.9 0.8 0.4 -
Lead 0.9 - 0.4 -
Nickel 1.7 0.6 0.8 1.2
Copper 0.6 1.6 8.5 0.7

Table 3: Pollution Load Index (PLI) of Heavy Metals in Abattoirs Borehole Water from
Kaduma

Metropolis
Abattoirs PLI Control
Kakuri 0.02 0.23
Kawo - 0.14
Tudun Wada 9.84 0.50
Natnudo - -

Table 4: Physicochemical Properties of Groundwater Water from Different Abattoirs

H EC TDS K+ NOs- POy3 BOD COD
Abattoirs PY  @Sem1) (mgl) (mgl) (mgl) (mgl) (mg/L) (mgl)
Kakuri 7.5 0.08 248 28 - 11 1.9 0.87
Kawo 6.9 0.12 97 36 11 13 24 1.8
Tudun Wada 5.7 3.07 738 189 72 85 16.4 23.7
Natnudo 7.3 0.13 258 29 11 13 2.1 0.41
WHO, (2017) 6.5-8.5 1200 500 - 50 5 40 120

Key: EC, Electrical Conductivity; TDS, Total Dissolved Solid; K, Potassium; NOs- Nitrate; PO4-3, Phosphate; BOD,
Biological Oxygen Demand; COD, Chemical Oxygen Demand.

DISCUSSION

Heavy Metal Concentration in Abattoir Borehole Water Samples

In Table 1, the concentration of Zn in borehole water samples from the Kaduna Metropolis
abattoir ranged from 0.052 to 0.201 mg/L, with the highest value recorded at Kawo, while in
the control samples, Zn ranged from 0.047 to 0.147 mg/L, with Kakuri showing the highest.
When compared with the World Health Organization (WHO, 2017) and Federal Ministry of
Environment (FMEnv, 2002) guideline values of 3.0 mg/L for Zn in drinking water, all
recorded concentrations were well below the permissible limit, indicating that zinc does not
pose any immediate health risk in the study area. The relatively low concentration of Zn in
both abattoir and control borehole samples may be attributed to its natural occurrence in
geological formations and limited industrial or anthropogenic input within the sampling
areas. Zinc is an essential trace element that is commonly derived from the weathering of
rocks, soil minerals, and corrosion of galvanized materials rather than from direct abattoir
discharge (Adekunle et al., 2020; Ehi-Eromosele et al., 2012). Furthermore, the slightly higher
Zn levels observed at the Kawo and Kakuri abattoir could be linked to metal leaching from
plumbing materials, metallic animal processing tools, or surface runoff carrying trace
metals into the groundwater.
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Cadmium (Cd) in Table 1 concentrations varied between 0.006 and 0.018 mg/L, with Tudun
Wada abattoir recorded the highest level, whereas in the control samples, Cd ranged from not
detected (ND) to 0.007 mg/L, also highest at Tudun Wada. The Cadmium (Cd) concentrations
in Tudun Wada (0.018 mg/L) and in the control (0.07 mg/L) both exceeded the WHO and
FMEnv (Nigerian) drinking water guideline of 0.003 mg/L for Cd in water samples (WHO,
2017; FMEnv, 2002). Elevated Cd levels in abattoir-impacted environments have also been
reported elsewhere. for example, Oboh et al. (2018) reported Cd concentrations in
groundwater ranging from 0.02 to 0.04 mg/L near the Omu-Aran abattoir, exceeding both
WHO and Nigerian regulatory limits, thereby indicating substantial contamination resulting
from abattoir effluent discharge. Cd is extremely toxic, even at trace concentrations. Beyond
its association with bone demineralization, osteoporosis, and fractures illustrated by the
historical Itai-itai disease outbreak in Japan chronic exposure leads to its accumulation in the
kidneys, causing tubular dysfunction, proteinuria, and chronic kidney disease (Zhou et al.,
2022; Nordberg, 2023). These findings emphasize that the observed Cd values in this study
pose a considerable risk to borehole water quality and public health, underscoring the need
for strict monitoring and management.

Lead (Pb) concentrations ranged from ND to 0.076 mg/L in the abattoir samples and 0.014 to
0.032 mg/L in the controls, with Tudun Wada exhibiting the highest Pb concentration in both
cases. The highest concentration of Pb observed in this study was 0.076 mg/L, while the
control site recorded 0.032 mg/L. Both values exceed the WHO guideline of 0.01 mg/L for
drinking water as well as the Federal Ministry of Environment (FMENV) maximum
permissible concentration of 0.01 mg/L. The elevated Pb levels raise concerns because Pb is a
toxic heavy metal with no safe level of exposure. The World Health Organization (WHO, 2017)
notes that any level of Pb exposure in drinking water poses a significant health risk. Prolonged
ingestion, even at low concentrations, has been associated with neurological impairments,
cognitive deficits in children, kidney dysfunction, hypertension, and developmental delays
(ATSDR, 2020; Lanphear et al., 2018). The presence of Pb concentrations exceeding permissible
limits in both the abattoir site and control suggests that contamination is not solely attributable
to abattoir activities. Rather, it may also stem from other anthropogenic sources such as
industrial discharges, vehicular emissions, and the corrosion of lead-based plumbing
materials, which are recognized contributors to environmental Pb pollution (Izah et al., 2016;
Nduka & Orisakwe, 2010).

Nickel (Ni) concentrations in Table 1, ranged from 0.021 to 0.033 mg/L, highest at the Kawo
abattoir, while in the control samples, Ni ranged from 0.019 to 0.036 mg/L, with Kakuri
showing the highest concentration. Ni concentrations measured in this study were 0.033
mg/L (impacted site) and 0.036 mg /L (control). Both values are below the WHO guideline
value of 0.07 mg/L for Ni in drinking water (WHO, 2017), but exceed the Nigerian national
maximum allowable concentration of 0.02 mg L (FMEnv, (2002). Therefore, although the
samples would meet WHO guidance, they are non-compliant with the national drinking-
water standard and may represent a local health and regulatory concern requiring further
investigation and remediation. Potential sources of Ni contamination include natural
geological formations, corrosion of water distribution systems, and anthropogenic activities
such as effluent discharge from abattoirs and industrial operations (Izah et al., 2016; Nduka &
Orisakwe, 2010). Comparable exceedances of Ni beyond Nigerian regulatory limits have also
been documented in groundwater from other parts of the country (Okoye et al., 2021).

Copper (Cu) ranged from 0.014 to 0.045 mg/L, with Tudun Wada showing the highest value,
whereas in the control samples it varied between 0.017 and 0.384 mg/L, also highest at Tudun
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Wada abattoir. Cu concentration at the Tudun Wada control site (0.384 mg/kg) were within
the permissible safety limits. According to the World Health Organization (WHO, 2017), the
guideline value for Cu in drinking water is 2.0 mg/L. Similarly, the Federal Ministry of
Environment (FMENV)/Nigerian Standard for Drinking Water Quality (NSDWQ) prescribes
maximum allowable concentrations of 1.0-2.0 mg/L for Cu in drinking water. Therefore, Cu
concentrations is substantially lower than the set thresholds, indicating that Cu do not pose
immediate public health risks in these samples. However, Cu metal is essential micronutrients
required for enzymatic and metabolic functions, chronic intake above permissible limits can
result in adverse effects. Excessive copper intake is associated with liver and kidney damage.

The observed safe levels in this study therefore suggest no acute toxicity risk from these metals
at the abattoir sites, but continuous monitoring remains important due to the potential for
bioaccumulation and seasonal variability. The findings of the present study are consistent
with those of Elemile et al. (2019), who evaluated the impact of abattoir effluents on
groundwater quality in a residential area of Omu-Aran, Nigeria, and copper (Cu)
concentrations between 1.08 and 1.21 mg/L, all within the permissible limits. Oboh et al.
(2018), in their study on the environmental impact of abattoir waste discharge on groundwater
quality in the Osubi community of Delta State, Nigeria, reported comparable findings, with
Cu recorded at 0.00 mg/L.

The one-way ANOVA revealed no statistically significant difference (p > 0.05) in the overall
concentrations of heavy metals (Zn, Cd, Pb, Ni, and Cu) between borehole water samples
collected from abattoir and control sites within Kaduna Metropolis. Although Cd and Pb
recorded slightly higher mean concentrations in abattoir samples compared to controls, both
exceeding WHO and FMEnv permissible limits, the variations were not large enough to be
statistically significant. In contrast, Zn, Ni, and Cu remained below recommended guideline
values, indicating minimal contamination from these metals. Overall, the result suggests that
abattoir activities have not caused a statistically measurable increase in total heavy metal
levels, but localized contamination by Cd and Pb poses potential environmental and public
health concerns that warrant continuous monitoring,.

Assessment of Pollution Status of Borehole Water Samples

Contamination factors (CF)

As shown in Table 2, Cu recorded the highest contamination factor (CF= 8.5) in Tudun Wada
Abattoir. In Kakuri Abattoir, Zn had the highest CF (2.8), followed by Ni with a CF of 1.7,
while Cd and Pb both had CF values of 0.9. The results indicate that the majority of borehole
water samples from Tudun Wada are highly impacted by Cu, since its CF value (>6) places it
in the category of very high contamination. In Kakuri Abattoir, the CF values for Ni (1.7) and
Zn (2.8) fall within the range of moderate contamination (1 < CF < 3). On the other hand, Cd
and Pb, both with CF values of 0.9, are classified as low contamination (CF < 1). However, the
results showed significantly higher contamination in borehole water samples collected
around the abattoirs compared with those taken 500 m away (control sites). At the control
sites, only moderate to low contamination factors were detected. This observation is consistent
with the findings of Nandomah and Tetteh (2023), and Igbokwe et al. (2024), who similarly
reported lower contamination levels at greater distances from abattoirs and other pollution
sources.

Pollution load index (PLI)

The results of the pollution index (PLI) of heavy metals in borehole water samples collected
within the studied abattoirs (Table 3) showed a markedly higher value in Tudun Wada (9.84)
compared with samples from other locations. Despite this, the overall PLI values for all
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samples indicated generally low pollution levels, suggesting a relatively limited influence of
anthropogenic activities across the study area. At the control sites (500 m away), Tudun Wada
still recorded a higher PLI (0.50), whereas Kawo and Natnudo showed no measurable PLL
Conversely, Kakuri and Kawo recorded low PLI values of 0.02 and 0.14, respectively. Overall,
the borehole water in Tudun Wada demonstrates evidence of pollution, with the magnitude
of the index reflecting a degree of water quality deterioration that could pose potential health
risks to consumers (Chris, & Anyanwu, (2022), Ekeoma, et al 2023, Essien et al., 2024).

Physicochemical Parameters in Borehole Water Samples

The results obtained in Kaduna metropolis abattoirs (Table 4), indicated that most of the
physicochemical properties of the borehole water samples collected were well below WHO
limits. Groundwater samples from all abattoir sites had pH values within the WHO guideline
range (6.5-8.5), consistent with findings from other Nigerian studies (Elemile et al., 2019;
Oboh et al., 2018), indicating that pH is not an immediate concern for water safety in the study
area. Maintaining pH within this range is important, as extreme acidity or alkalinity can affect
water palatability, solubility of heavy metals, and the efficiency of disinfection processes
(Edokpayi et al., 2018). Water with pH values below 6.5 tends to be corrosive, increasing the
leaching of toxic metals such as Pb, Cu, and Zn from distribution systems, while pH values
above 8.5 may impart a bitter taste and reduce the effectiveness of chlorine disinfection (EPA,
2012).

The total dissolved solid (TDS) values recorded for borehole water samples from all abattoir
sites were found to be below the permissible guideline value of 600 mg/L recommended by
the World Health Organization (WHO, 2017). However, the Tudun Wada abattoir recorded a
notably higher TDS concentration of 738 mg/L, which exceeds the WHO threshold. Elevated
TDS levels can adversely affect the palatability of water, contribute to scaling in distribution
systems, and may indicate the presence of elevated salts, minerals, or other dissolved
substances that could compromise water quality.

The values recorded for potassium (K*) in this study were lower than the recommended limits.
According to the World Health Organization (WHO, 2017), no health-based guideline value
has been established for potassium in drinking water, as it is generally not considered to pose
health concerns at typical environmental concentrations. However, elevated potassium levels
may be of concern for individuals with impaired kidney function or those on potassium-
restricted diets (WHO, 2009). The relatively low concentrations observed in this study
therefore suggest no immediate risk to consumers.

The concentrations of nitrate (NOs-) recorded in most of the abattoir sites were below the
World Health Organization (WHO) guideline value of 50 mg/L for drinking water (WHO,
2017). However, the value observed at Tudun Wada (72 mg/L) exceeded this threshold,
indicating potential contamination concerns at that site. In contrast, phosphate concentrations
across all the investigated locations were above the WHO recommended limit of 5 mg/L
(WHO, 2017), suggesting widespread nutrient enrichment that could promote eutrophication
and deteriorate water quality.

The phosphate (PO+*") values observed in all borehole water samples from the studied
abattoirs were lower than the prescribed limits. According to the World Health Organization
(WHO, 2017), elevated phosphate concentrations in drinking water are not typically
associated with direct health effects, but they can indicate nutrient enrichment and contribute
to eutrophication in receiving water bodies. The relatively low levels recorded in this study
therefore suggest minimal risk of nutrient-related pollution from phosphate. Comparable

M. Babagana et al, DUJOPAS 11 (4b): 224-237, 2025 233



Assessment of Heavy Metals, Pollution Indices, and Physicochemical Characteristics of Borehole Water from

Abattoir Sites in Kaduna Metropolis, Kaduna State, Nigeria

results were reported by Elemile et al. (2019) in Omu-Aran, Nigeria, and Oboh et al. (2018) in
Osubi, where phosphate levels in groundwater samples were generally within acceptable
limits. These findings collectively indicate that phosphate is not a major contaminant of
concern in groundwater around abattoir sites when compared with other parameters such as
nitrate or heavy metals.

The Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) values
recorded for all the abattoir sites within Kaduna metropolis were well below the permissible
guideline values set by the World Health Organization (WHO, 2017). This indicates that the
organic load in the borehole water samples is relatively low, suggesting minimal
contamination from readily biodegradable and oxidizable organic matter. Low BOD and COD
levels are generally associated with better water quality, as they reduce the risk of oxygen
depletion that can negatively impact aquatic ecosystems and water potability. Oboh et al.
(2018) also recorded low BOD and COD levels in abattoir-contaminated groundwater in Delta
State, Nigeria, though they cautioned that cumulative discharge over time may lead to
seasonal increases in organic matter concentrations. These findings align with the present
study, highlighting that while BOD and COD values are within acceptable limits, continuous
monitoring is necessary since fluctuations in organic waste discharge from abattoirs can
significantly affect groundwater quality.

CONCLUSION

Borehole water around Kaduna metropolis abattoirs showed mixed quality, with Zn and Cu
within permissible limits but Pb and Cd consistently above WHO and Nigerian standards,
posing significant health risks. Ni concentrations complied with WHO but exceeded national
limits, suggesting localized regulatory concerns. ANOVA revealed no significant differences
(p > 0.05) across sites, indicating uniform contamination patterns from both abattoir and non-
abattoir sources. CF and PLI values highlighted Tudun Wada as the most impacted site,
especially with very high Cu contamination. Most physicochemical parameters (pH, K*, BOD,
COD) were within guideline values, though nitrate (72 mg/L) and TDS (738 mg/L) at Tudun
Wada exceeded limits. Overall, while groundwater quality was acceptable in some respects,
the elevated Pb and Cd concentrations underscore the urgent need for stricter effluent control
and continuous monitoring to safeguard public health.
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