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tion (APHA) and the Association of Official Analytical Chemists (AOAC). Temperature, pH, electrical
conductivity (EC), dissolved oxygen (DO), biochemical oxygen demand (BOD), total solids (TS),
total dissolved solids (TDS), total suspended solids (TSS), total hardness (TH), and total acidity (TA)
were measured, while heavy metals were analysed by atomic absorption spectrophotometry (AAS).
Temperature (28.97-29.30 °C), pH (6.3-6.8), and EC (30-90 xS/cm) were within acceptable ranges
for freshwater systems. Total hardness ranged from 158 to 180 mg/L, indicating hard-water conditions.
DO concentrations were low (0.94-2.16 mg/L), indicating limited oxygen availability. BOD ranged
from 2.2 to 79 mg/L, with the highest value at the abattoir discharge point, suggesting substantial
organic loading from untreated effluent. Chromium (0.327-0.532 mg/L), lead (1.885-2.716 mg/L),
and manganese (0.075-1.772 mg/L) exceeded permissible drinking-water limits, while cadmium was
not detected. The findings indicate that abattoir effluents and other anthropogenic activities contribute
to water-quality deterioration in River Benue.
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1. INTRODUCTION

Water pollution is a pressing environmental issue that poses a
threat to human health, the environment, and the socio-economic
development of society around the world. Rapid urbanization,
*Corresponding author: Tel. No.: +234-903-376-1919. population growth, industrialization, and indiscriminate disposal
e-mail: benzmusa@gmail . com (Benjamin Zobada Musa'"") of wastes have significantly increased environmental pollution in
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many developing countries, particularly in sub-Saharan Africa
[1, 2]. Polluted water resources continue to be a significant
global public health problem, affecting the spread of water-borne
diseases, environmental degradation and mortality risks. Accord-
ing to the latest World Health Organization figures, there are still
some 2.2 billion people without safely managed drinking water
services, and unsafe water, sanitation, and hygiene cause hun-
dreds of thousands of preventable deaths every year, particularly
in low- and middle-income countries, where the majority of chil-
dren reside [3].

The sources of water pollution include both natural and an-
thropogenic sources. Natural contaminants can come from soil
particles, dissolved minerals, decomposing organic matter, and
biological processes in the aquatic system. In many developing
countries, however, anthropogenic sources such as industrial ef-
fluents, agricultural runoff, municipal wastewater and waste dis-
charges, mining, and abattoir operations have now become the
primary sources of aquatic contamination [4, 5]. Rapid popula-
tion growth has also put a strain on freshwater resources, leading
to their overexploitation, eutrophication, salinization, and high
levels of heavy metals in aquatic ecosystems [2].

Water pollution may occur through point and non-point
sources. Point source pollution is pollution from a known
discharge point, such as an industrial effluent pipe, municipal
drainage system, or sewage channel, while non-point-source pol-
lution is pollution originating from a non-point source, such as
agricultural runoff or urban surface wash-off [6]. Water pollu-
tion can result from many industrial and agricultural activities, in-
cluding the discharge of heavy metals, hydrocarbons, pesticides,
nutrients, suspended solids and pathogenic microorganisms into
water bodies [7, 8]. Agricultural runoff containing fertilizers,
pesticides, animal wastes, and abattoir residues has been widely
reported as a significant source of river pollution in developing
countries [1].

Abattoir activities are among the prominent anthropogenic
sources of aquatic pollution and have received significant envi-
ronmental concern due to the large volume of untreated efflu-
ents released into nearby water bodies. Abattoir effluents con-
tain high concentrations of organic loads, suspended solids, fat,
blood, grease, hair, animal tissues, intestinal content, pathogenic
microorganisms, and toxic heavy metals, which can pose a se-
rious threat to water quality and public health [9-11]. In addi-
tion, the practice of abattoir operations in many developing coun-
tries is generally conducted in unhygienic conditions, without ad-
equate wastewater treatment systems and environmental laws. It
is, therefore, not unusual to have untreated effluents pumped di-
rectly into nearby streams and rivers, resulting in a high level of
environmental pollution [12].

Previous studies have shown that the activities of abattoirs may
adversely influence the quality of soils, groundwater, and surface
water due to the introduction of pathogenic contaminants and
heavy metals into the environment [13]. Environmental concern
is given to heavy metals (lead (Pb), cadmium (Cd), chromium
(Cr), manganese (Mn), zinc (Zn)) due to their non-biodegradable
properties, bioaccumulation potential, toxicity, and persistence.
They can be bioaccumulated in aquatic organisms, plants, ani-
mals, and humans within the food chain, leading to significant
ecological and public health hazards [2, 5]. Polluted water and

contaminated forage from polluted environments may lead to
bioaccumulation of these toxic metals in animal tissues and milk,
and aquatic organisms living in polluted rivers may also act as
vectors for heavy metal exposure in humans.

The environmental impacts of an abattoir's waste production
are high. Research has indicated that slaughterhouse activity
produces significant amounts of solid and liquid wastes such
as blood, manure, paunch contents, bones, fats, and wastewater
with high organic and inorganic contents [1, 12]. Large quan-
tities of undigested feed materials, cellulose fibres, protein, ni-
trogenous compounds, bacteria and organic residues are present
in livestock manure and rumen contents and can lead to high lev-
els of biochemical oxygen demand (BOD), chemical oxygen de-
mand (COD) and microbial contamination of receiving waters.
Decomposition and degradation of such wastes in aquatic sys-
tems can cause undesirable effects including depletion of oxy-
gen, foul odor, eutrophication and deterioration of aquatic biodi-
versity [2, 14].

Also, poor animal carcass hygiene and handling have been
linked with animal carcass contamination with microorganisms
and animal-derived food poisoning in abattoirs. Meat products
and water bodies can become contaminated with pathogenic mi-
croorganisms like Escherichia coli, Salmonella spp., and other
enteric bacteria via contact with animal feces and untreated
wastewater [15]. This contamination poses a risk to the health of
communities relying on contaminated water for drinking, house-
hold purposes, agriculture and fishing.

The investigations carried out on the environmental monitor-
ing of the rivers and groundwater bodies in Nigeria indicate that
the anthropogenic input to the contamination of heavy metals
has been on the rise. According to Ololade et al. [2], elevated
levels of Cd, Cr, Cu, Ni, and Pb were detected in rivers of the
south-western region of Nigeria, and industrial discharge, urban
wastewater, and agricultural run-off were attributed to be the ma-
jor sources of pollution. The study also found that children were
at a special risk of carcinogenic and non-carcinogenic health ef-
fects from exposure to contaminated water over time. Likewise,
Yahaya et al. [5] found that the levels of Pb, Ni, and Cd in ground-
water sources in Lagos State, Nigeria, were not in compliance,
and chronic exposure to contaminated water resources poses a
long-term toxicological threat.

Bakare-Abidola et al. [1] analyzed physicochemical parame-
ters and heavy metal pollution in abattoir wastewater in Lagos
State, Nigeria, and found higher concentrations of Pb, Mn, and
Cd than the recommended environmental limits. The authors
highlighted the importance of robust wastewater treatment and
monitoring of the environment to minimize pollution to the sur-
rounding aquatic ecosystems. Similarly, Amaechi-Onyerimma
et al. [4], noted high levels of contamination in groundwater re-
sources in Port Harcourt from infiltration of untreated abattoir
effluents in the surrounding soils and aquifers. Also, Ref. [13]
found that the heavy metal content of agricultural soils and food
crops planted with abattoir wastewater samples was significantly
higher than in those without such irrigation, suggesting the pos-
sibility of carcinogenic and non-carcinogenic health risks to con-
sumers in Delta state, Nigeria.

Although there have been concerns about the environmental
effects of abattoir activities in Nigeria, information on the pollu-
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tion status of the River Benue around the Wurukum abattoir in
Makurdi is limited. Hence, this study was aimed at assessing the
physicochemical parameters of the River Benue in the vicinity
of Wurukum Abattoir and the concentration of the heavy metals
and the possible public health and environmental impact of using
the river water for domestic and agricultural activities.

2. MATERIALS AND METHODS

2.1. RESEARCH DESIGN

This study employed a purposive non-probability sampling de-
sign. This is because it was necessary to select sampling loca-
tions that can best represent the effect of abattoir activities on the
River Benue. Four sampling points were strategically located
around the Wurukum Abattoir along the River Benue and desig-
nated as Station A, Station B, Station C and Station D.

e Station A: Was upstream of the abattoir discharge point,
near the New Bridge, and was therefore used as the control
station, as there was little direct contamination from abattoir
activity.

e Station B: Located at the point where abattoir wastes are
directly discharged into the drainage channel adjacent to the
river. The abattoir has significant wash-down effluents at
this station.

e Station C: Located at the confluence of the drainage channel
into the main River Benue, which carries the effluent from
the abattoir.

e Station D: Located downstream on the main River Benue
near the Old Bridge, approximately 500 m away from Sta-
tion C, to assess the extent of pollutant dispersion along the
river course.

2.2. STUDY AREA

The River Benue rises in the Cameroons highlands and flows into
Nigeria to the west. It is the second largest river in Nigeria, al-
most 1488 km in length, and has a significant alluvial flood plain
on both sides. The river flows through the capital, Makurdi of
Benue State to join the River Niger at Lokoja in Kogi State of
Nigeria. Makurdi lies between latitude 7°44’N and longitude
8°32’E within the Guinea Savannah ecological zone [16]. Wu-
rukum Abattoir is situated along the bank of the River Benue in
the southern part of Makurdi metropolis. Untreated abattoir efflu-
ents are discharged into the river at this place, including the blood,
animal tissues, fats, and the wastewater generated during slaugh-
tering and cleaning. These wastes are often washed straight into
the river channel. The continuous discharge is a great threat to
the physicochemical and bacteriological quality of river water.

2.3. CHEMICALS AND REAGENTS

All chemicals and reagents used in this study were analytical
grade to achieve the accuracy and reliability of analytical results.
The reagents used included nitric acid (HNO3), hydrochloric acid
(HC)), silver nitrate (AgNO3), and distilled water, sodium chlo-
ride (NaCl), ammonium chloride (NH4Cl), potassium chromate
(K»CrOy), ethylenediaminetetraacetic acid (EDTA), methyl or-
ange, and phenolphthalein. These reagents were used for the de-
termination of selected physicochemical parameters and heavy

metal content of water samples according to the standard pro-
cedures recommended by the Association of Official Analytical
Chemists [17] and the American Public Health Association [18].

2.4. SAMPLE COLLECTION AND PRE-TREATMENT

Water samples were collected from the four designated sampling
stations along the River Benue around the Wurukum Abattoir.
Sampling was carried out in accordance with standard proce-
dures for water quality assessment. At each sampling station,
water samples were collected at a depth of approximately 1015
cm below the water surface using properly labeled acid-washed
polyethylene containers to avoid contamination and minimize
changes in sample characteristics [18].

The samples were labeled according to their respective sam-
pling stations (A, B, C, and D). For heavy metal determina-
tion, the collected water samples were immediately preserved by
adding 2 mL of concentrated nitric acid in order to prevent metal
precipitation and adsorption onto the walls of the containers [19].
The samples were thereafter stored in an ice chest at about 4-5
°C and transported to the laboratory for the analysis of selected
physicochemical parameters and heavy metals.

2.5. WATER SAMPLE DIGESTION

The digestion of water samples was performed according to the
standard procedure for determination of the concentration of
heavy metals in water samples. All samples of water were taken
and then shaken thoroughly prior to digestion. Each sample was
taken in a clear conical flask and the volume of each sample
was measured as 100 mL and 5 mL of concentrated nitric acid
(HNO;) was added to each sample. The mixture was then gen-
tly heated on a hot plate and slowly evaporated to about 20 mL,
without letting the sample boil.

Another 5 mL of concentrated nitric acid was added, and the
flask was again covered with a watch glass and heated until the
solution was clear, indicating that there was quite a bit of oxida-
tion of organic matter. 2 mL of concentrated hydrochloric acid
(HCI) was then added to further digest any leftover residues fol-
lowed by a few drops of hydrogen peroxide (H,O,) to fully digest
the sample. The digested solution was then left to cool, filtered
and transferred to a 100 mL volumetric flask. The volume was
then made up to the calibration mark with distilled water and the
heavy metal analysis was performed [18, 19].

2.6. PROCEDURE FOR METAL ANALYSIS

All the water samples were analysed for the presence of heavy
metal content by Atomic Absorption Spectrophotometry (AAS)
following a standard analytical procedure. The appropriate hol-
low cathode lamp for each metal analysed was used, and the oper-
ating current was selected as per the manufacturer's instructions.
The wavelength suitable for each metal was selected due to the
characteristic absorption wavelength of different elements.

The instrument was calibrated with standard metal solutions of
known concentration before the analyses were carried out. Op-
timum sensitivity and stability of the analytical signal were ob-
tained by adjusting the burner height and the conditions of the
acetylene-air flame. The water samples were then transferred
from the beaker into the flame by aspirating through the capil-
lary tube and the absorbance values were measured. The concen-
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Figure 1. Map of the study area showing the sampling stations along River Benue, Wurukum, Makurdi Metropolis, Benue State, Nigeria. Source: Authors’
compilation using ArcGIS 10.8 and field survey data, 2026.

Figure 3. Section of River Benue and surrounding catchment area used for
water sampling at Wurukum, Makurdi Metropolis. Source: Authors’ field
survey, 2026.

Figure 2. Slaughtering activities and waste-disposal area near the effluent
discharge point into River Benue at Wurukum Abattoir, Makurdi. Source:
Authors’ field survey, 2026.

dards [18, 20].

trations of metals in the samples were then calculated using the
comparisons of the absorbance values with the calibration stan- ~ 2.7Z. DETERMINATION OF PHYSICOCHEMICAL PARAMETERS
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2.7.1. Determination of temperature

A mercury in glass thermometer marked with degrees was used
to take the temperature of the water at each of the sampling points
in the field. The thermometer was placed straight into the water
samples at a depth of approximately 10—15 cm below the water
surface and the temperature readings were taken in the morning
peak time of the abattoir, and repeated three times to ensure ac-
curacy.

2.7.2. Determination of pH

The pH of the water samples was measured by a calibrated digital
pH meter according to standard method. The pH meter electrode
was washed with distilled water before putting it in each sample.
pH values were allowed to stabilize prior to readings. Each mea-
surement was repeated three times and the average values were
determined.

2.7.3. Determination of electrical conductivity

A digital conductivity meter (HQ14D - HACH, USA) was used to
measure electrical conductivity (EC). The conductivity cell was
cleaned three times with the sample water before the analysis
to reduce the possibility of contamination. The probe was then
inserted into the sample and the conductivity reading was taken
after the reading had stabilized, in microSiemens per centimeter.
It was repeated three times and the temperature was recorded for
each time.

2.7.4. Total acidity

The total acidity of the water samples was calculated by titrating
50 mL of the water samples with a standardized sodium hydrox-
ide solution (NaOH) using phenolphthalein as an indicator. A
slight, permanent pink coloration was taken as the endpoint. To-
tal acidity was calculated using equation (1) and expressed as
mg/L as CaCOs:

A X N x 50,000
V 9
where A is the volume (mL) of standard sodium hydroxide used

for titration, N is the normality of the sodium hydroxide solution,
and V is the volume (mL) of the water samples analyzed.

Total Acidity (mg/L as CaCO3) = (D

2.7.5. Determination of dissolved oxygen (DO)

The dissolved oxygen (DO) was measured by a digital dissolved
oxygen meter (YK-22DO, USA). The probe was simply inserted
into the sample water, and the reading was taken in mg/L after
stabilization.

2.7.6. Determination of biochemical oxygen demand (BOD)
Biochemical Oxygen Demand (BOD) was calculated from the
change in dissolved oxygen concentration of freshly collected
samples, compared with the dissolved oxygen concentration after
incubation in the dark at room temperature for five days. The
change in dissolved oxygen levels before and after incubation
was the BOD of the sample [18].

2.7.7. Determination of total solids
The total solids content was obtained by evaporating a known
volume of the water samples in a pre-weighed evaporating dish,

and drying the residue in an oven at 103-105 °C until a constant
weight was achieved. Total solids were total dissolved solids
(TDS) plus total suspended solids (TSS).

2.7.8. Determination of total hardness

The EDTA titrimetric method was used to determine total hard-
ness. 50 mL of the water samples was placed in a conical flask,
followed by the addition of ammonium chloride buffer solution
and Eriochrome Black T indicator. The sample was then titrated
with 0.01 M EDTA solution till the colour of the sample changed
from wine-red to blue colour which indicated the endpoint. The
total hardness was calculated using equation (2) and expressed
as mg/L as CaCOs:

A x N x 50,000

v . (@

Total Hardness (mg/L as CaCO3) =
where A is the volume (mL) of EDTA used in the titration, N is
the normality of the EDTA solution, and V is the volume (mL)
of the water sample analyzed.

3. RESULTS AND DISCUSSION

This study assessed the selected physicochemical parameters and
heavy metals levels in water samples of River Benue near Wu-
rukum Abattoir, Makurdi, Benue State, Nigeria. The results were
then compared to the acceptable levels by the World Health Or-
ganization and other regulatory water quality standards. The out-
come showed that there were differences in contamination lev-
els associated with activities at the slaughter houses and anthro-
pogenic contribution to the river system.

3.1. PHYSICOCHEMICAL CHARACTERISTICS OF WATER
SAMPLES

3.1.1. Temperature
The temperature values recorded across the sampling stations
ranged from 28.97 to 29.30°C, with a mean value of 29.09°C
(Table 1). There were only small differences in temperature be-
tween the sampling stations, indicating little thermal disturbance
in the study area. Recorded temperatures are within the range
of temperatures that have been reported for tropical freshwater
systems and have little likelihood of negatively impacting river
ecology. Temperature is a critical factor that affects the physic-
ochemical and biological processes of an aquatic environment,
such as microbial activity and the availability of dissolved oxy-
gen. The high-water temperature promotes metabolic processes
of the microorganisms, lowers the dissolved oxygen content, and
can accelerate chemical reactions in the water bodies [21].

The plots of the results in Tables 1 and 2 are shown in Figures
4-13.

3.1.2. Hydrogen ion concentration (pH)

The pH values of the water samples ranged from 6.3 to 6.8, with
a mean value of 6.60. These values fall within the recommended
WHO guideline range of 6.5-8.5 for drinking water, except for
Station C, which showed a slightly acidic condition. The slightly
acidic nature of the water may be associated with the decomposi-
tion of organic wastes such as blood, animal tissues, and intesti-
nal contents discharged from the abattoir into the river.
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Table 1. Comparative analysis of physicochemical properties of water samples and WHO permissible limits.

Parameter WA WB wC WD Range WHO
Temperature (°C) 29.10+£ 032  2930+0.10 2897+0.20 2897+020  28.97-29.30 -
pH 6.6 £ 0.20 6.67 + 0.15 6.3 +0.15 6.8 +0.10 6.3-6.8 6.5-8.5
Electrical conductivity (uS/cm) 60.33 £ 0.58 90 £ 0.71 30 + 1.00 49.66 + 0.58 30-90 250
Total solids (mg/L) 40.36 + 1.79 60 + 2.00 49.65+1.00 19.67 +£1.53 19.67-60 500
Total dissolved solids (mg/L) 0.21 £ 0.03 0.02 £ 0.00 0.01 + 0.00 0.03 £ 0.00 0.01-0.21 500
Total suspended solids (mg/L) 40.15+£1.76 5998 £2.00 49.64+1.00 19.64 +1.53 19.64-59.98 500
Total hardness (mg/L) 180 + 2.00 167 + 0.00 158 +£2.00 170 + 2.00 158-180 -
Dissolved oxygen (mg/L) 2.16 £0.21 0.94 + 0.67 0.98 +0.23 1.05 £ 0.13 0.94-2.16 >5
Biochemical oxygen demand 22+0.00 79 = 1.00 43 +£0.58 4.2 +0.10 2.2-79 <5.0
(mg/L)

Total acidity (mg/L) 9.2 +0.26 8.5 +0.40 8.17 £ 0.25 9.6 £0.15 8.17-9.6 -

WA = Station A water sample; WB = Station B water sample; WC = Station C water sample; WD = Station D water sample; WHO = World Health Organization guidelines for

drinking-water quality.
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The observed pH values place the river water in a moderate
category for potable purposes, but further organic pollution could
lower the pH and increase the corrosiveness of the water. Similar
slightly acidic conditions have been reported for rivers contami-
nated by abattoirs by Fatunsin ef al. [11], and they cited micro-
bial degradation of organic material and microbial production of
acidic metabolites in receiving waterbodies as the cause of this
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3.1.3. Electrical conductivity

The electrical conductivity recorded the value which are below
the WHO permissible limit of 250 uS/cm. Ranged from 30 to
90 uS/cm, with a mean value of 57.50 uS/cm. The electrical
conductivity is the reflection of the concentration of dissolved
ionic substances in water, and it is an indication of salinity and
mineralization.

The low conductivity values measured were perhaps due to low
ionic pollution within the study area despite the impact of abattoir
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waste discharge. However, the comparatively higher conductiv-
ity observed at Station B may be linked to direct discharge of
organic and inorganic wastes from slaughtering activities. The
same was reported by Abasi et al. [10], where elevated conductiv-
ity values were found around the discharge points of the abattoir,
indicating high dissolved salts and decomposing organic matter.

3.1.4. Total suspended solids (TSS) and total solids (TS)

The concentration of total suspended solids (TSS) ranged from
19.64 to 59.98 mg/L, with the highest TSS concentration ob-
tained at Station B, where the abattoir effluent was directly dis-
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charged into the water, and the lowest at Station D, which is lo-
cated downstream of Station B. Likewise, total solids (TS) var-
ied from 19.67 to 60.00 mg/L and had a similar spatial distri-
bution. Similar findings were reported by Omoni et al. [14],
who observed increased suspended and dissolved solids in the
River Benue downstream of abattoir discharge locations. The
high TS and TSS levels found at Stations B and C may be at-
tributed to the presence of suspended organic and inorganic ma-
terial related to abattoir activities and associated runoff. The de-
crease in the concentrations at Station D can be explained by the
natural self-purification, sedimentation, and dilution processes
along the river course. Although all TS, TDS, and TSS values
were below the World Health Organization (WHO) permissible
limit of 500 mg/L for drinking water, the spatial variation among
the stations indicates localized impacts of effluent discharge on
the river's physical water quality.

3.1.5. Dissolved oxygen (DO) and biochemical oxygen demand
(BOD)

The concentration of dissolved oxygen (DO) varied from 0.94 to
2.16 mg/L, with the highest concentration at Station A and the
lowest concentration at Station B. The generally low DO levels
observed across the sampling stations indicate considerable oxy-
gen consumption associated with the decomposition of organic
matter in the river. The minimum level of dissolved oxygen was
recorded at station B at direct discharge from the abattoir (0.94
mg/L), indicating high microbial activity due to the high inflow
of biodegradable waste.

The biochemical oxygen demand (BOD) obtained varied be-
tween 2.2 and 79.0 mg/L. The highest BOD value was recorded
at Station B, while the lowest value occurred at Station A. The
high BOD at Station B is due to the significant organic contami-
nation provided by abattoir effluents such as blood, animal tis-
sues, fats, and other biodegradable materials. The same find-
ings were observed by Nandomah and Tetteh [9], who found that
there was a general occurrence of oxygen depletion and eutroph-
ication in aquatic ecosystems due to abattoir wastewater. The
higher a BOD is, the more the microbes are decomposing, which
is evident by the lowered dissolved oxygen concentration. Re-
sults show that the untreated effluents from abattoirs have a pro-
nounced effect on the oxygen budget of the receiving water body
and can pose a threat to aquatic organisms and the health of the
water body.

3.1.6. Total hardness
The total hardness values are in the range of 158-180 mg/L,
with an average value of 168.75 mg/L. Based on conventional
water hardness classifications, water containing 150-300 mg/L
as CaCOj; is categorized as hard water. The hardness levels
recorded could be due to the presence of naturally occurring and
anthropogenic calcium and magnesium salts in the river catch-
ment. Although hardness is not generally considered a direct
health concern, elevated hardness may affect the aesthetic quality
of water and contribute to scaling in water distribution systems.
Similar hardness values were reported in studies conducted
on the River Benue and other abattoir-impacted water bodies in
Nigeria.

3.2. HEAVY METAL CONCENTRATIONS IN WATER SAMPLES
3.2.1. Chromium (Cr)

The chromium concentrations in the water samples ranged from
0.327 to0 0.532 mg/L, with a mean value of 0.428 mg/L (Table 2).
The concentration of chromium recorded in all the samples was
above the permissible limit set by the World Health Organization
(WHO) for drinking water of 0.05 mg/L, showing that there is a
high level of contamination of chromium in the study area. The
highest chromium concentration (0.532 mg/L) was observed at
Station A, the upstream control station, while the lowest concen-
tration (0.327 mg/L) was recorded at Station C.

The presence of a high concentration of chromium in the con-
trol station indicates that the contamination of the River Benue
with this element is not only due to abattoir activities but might
also be from other sources. Rather, the contamination may be de-
rived from a variety of human activities such as urban runoff, agri-
cultural practices, waste disposal in municipal landfills, vehicle
exhaust, and other human-related activities upstream in the river
catchment. However, with the distribution pattern of chromium,
it is possible to conclude that another polluter is contributing to
water quality in the study area, as the pollution load from the abat-
toir has a minor effect compared to other sources of pollution.

Chromium is a potentially toxic heavy metal, and high levels
of exposure for long periods can cause adverse health effects,
such as kidney damage, liver dysfunction, dermatitis, and car-
cinogenic risks. High concentrations of chromium have been re-
ported in polluted aquatic ecosystems impacted by industrial, mu-
nicipal, and abattoir effluents [10]. The results, therefore, high-
light the importance of holistic monitoring and management of
both point and non-point pollution sources to the River Benue.

3.2.2. Lead (Pb)

The concentration of lead in the water samples ranged from 1.885
to 2.716 mg/L with an average of 2.419 mg/L (Table 2). The re-
sults of the measured concentrations have been above the permis-
sible limit set by the World Health Organization (WHO) for the
drinking water of 0.01 mg/L, meaning that there is high contam-
ination of lead in the study area. The highest lead concentration
(2.716 mg/L) was recorded at Station C, followed by Station D
(2.656 mg/L), while Station B recorded the lowest concentration
(1.885 mg/L). Interestingly, the upstream control station (WA)
also showed a high concentration of lead (2.422 mg/L), indicat-
ing that lead contamination had already occurred in the river up-
stream of the abattoir discharge point.

Lead is a highly toxic metal that can be stored in the biological
tissues and cause severe health risks at low levels. Chronic expo-
sure has been linked to neurological diseases, kidney dysfunction,
anemia, developmental impairment in children, and damage to
the central nervous system. The observed high levels of lead in
this study are thus a major environmental and public health prob-
lem for the communities relying on the River Benue for domestic,
agricultural, and other socioeconomic purposes. Other incidents
of high lead levels have been reported in the River Benue and
other polluted aquatic environments in Nigeria [14, 22].

3.2.3. Manganese (Mn)

The concentration of manganese in the water samples ranged
from not detected (ND) to 1.772 mg/L, with a mean of 0.681
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Table 2. Comparative analysis of heavy metal levels in water samples and WHO permissible limits.

Heavy metal WA WB wC WD WHO
Cadmium (mg/L) N/D N/D N/D N/D 0.003
Chromium (mg/L)  0.532 + 0.001 0.524 +0.002 0.327 +£ 0.0015 0.328 + 0.0015  0.05
Zinc (mg/L) N/D 1.447 + 0.002 N/D 0.055 + 0.001 3.00
Lead (mg/L) 2422 +0.001 1.885+0.002 2.716+£0.002 2.656 +0.002  0.01
Manganese (mg/L) 0.882 + 0.003 0.075 + 0.002 N/D 1.772 £ 0.002  0.08

WA = Station A water sample; WB = Station B water sample; WC = Station C water sample; WD = Station D water sample;

WHO = World Health Organization guidelines for drinking-water quality; N/D = not detected.

mg/L (Table 2). The mean concentration exceeded the permis-
sible limits recommended by the World Health Organization
(WHO) and the United States Environmental Protection Agency
(EPA) for drinking water. Manganese concentration was highest
at Station D (1.772 mg/L), followed by Station A (0.882 mg/L),
while it was not detected at Station C.

The spatial distribution of manganese suggests that its occur-
rence in the study area is influenced by both natural and an-
thropogenic factors. Elevated manganese concentrations may re-
sult from the weathering of manganese-bearing minerals, sedi-
ment resuspension, urban runoff, agricultural activities, munici-
pal waste inputs, and other human activities within the river catch-
ment. While the abattoir effluent might contribute to the overall
pollution load in the river, the pattern of distribution observed
suggests that the concentration of manganese in the river cannot
be interpreted as being solely the result of abattoir discharge.

Higher levels of manganese in water have been linked to en-
vironmental and public health hazards. Long-term exposure to
elevated manganese concentrations can have significant adverse
effects on water quality, cognitive development, and neurologi-
cal function. The manganese levels observed in this study are
therefore of concern when considering the appropriateness of the
water for drinking and the health of aquatic systems. Similar
findings have been reported in rivers impacted by agricultural,
urban, and slaughterhouse-related activities in developing coun-
tries [11].

3.2.4. Zinc (Zn) and Cadmium (Cd)

Zinc was found in some of the sampling stations with concentra-
tions lower than the permissible limit set by WHO (3 mg/L). Zinc
is a trace element that is essential for biological processes, but
it can cause detrimental effects to aquatic organisms and cause
water quality changes at elevated concentrations. No cadmium
was found in any of the sampling stations. The absence of cad-
mium suggests limited contamination from cadmium-containing
wastes within the study area. However, persistent environmental
monitoring continues to be required because of the toxicity and
bioaccumulation of Cd.

4. CONCLUSION

This study evaluated the physicochemical parameters and heavy
metal concentrations in the River Benue around the Wurukum
Abattoir, Makurdi. The results showed that some of the physico-
chemical parameters were within limits recommended by WHO,
while high concentrations of biochemical oxygen demand, low
dissolved oxygen, and high concentrations of lead, chromium,

and manganese showed the pollution from the discharge of abat-
toir effluent.

Based on these findings, the study recommends that long-term
unmanaged effluents from abattoirs are detrimental to the health
of the river and its inhabitants. Effective wastewater treatment,
regular environmental monitoring, and strict enforcement of envi-
ronmental regulations are recommended to reduce pollution and
protect the quality of the River Benue.
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