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Abstract: This study analytically assesses the water quality of the Omambala and Ezu Rivers,
both of which are subject to significant anthropogenic influences and surface runoff, resulting
in pronounced pollution. The primary objective was to assess the water quality using the
Water Quality Index (WQI) methodology, focusing on both physicochemical parameters and
toxic elements. A total of thirty water samples were collected, fifteen from each river, at three
strategically selected sampling locations. Physicochemical analyses were conducted following
the American Public Health Association (APHA) standard methods, and the findings were
evaluated against the permissible limits established by the World Health Organization (WHO)
and the Nigerian Standard for Drinking Water Quality (NSDWQ). Results revealed that both
rivers are heavily polluted, with WQI values indicating severe degradation: 568.269 for River
Omambala and 672.99 for River Ezu, the latter demonstrating a higher level of pollution.
Conversely, the assessment of potentially toxic elements yielded WQI values of 423.67 for River
Omambala and 289.93 for River Ezu, suggesting greater contamination in River Omambala
regarding these elements. Notably, parameters such as pH, temperature, dissolved oxygen, total
dissolved solids, total hardness, chlorides, and sulfates fell below NSDWQ permissible limits,
while electrical conductivity, biochemical oxygen demand, turbidity, and nitrates exceeded
recommended thresholds for both rivers. Elevated concentrations of Arsenic and Iron were
observed, posing additional health risks. These findings underscore the critical influence of
anthropogenic activities on water quality. Comprehensive management strategies, including
pollution mitigation measures and community engagement, are urgently recommended to restore
the ecological integrity of these rivers. Further research is warranted to explore the long-term
impacts of observed pollution and the effectiveness of implemented interventions.

Keywords: Water Quality Index, anthropogenic pollution, physicochemical parameters, toxic
elements, environmental management

1 Introduction
Water is an essential natural resource for the ecosystem and living things which is utilized for

drinking and general well-being [1,2]. Surface water includes rivers, lakes, dams, reservoirs, etc
and the general populace depends on surface water for domestic purposes, irrigation purposes,
economic development and industrial activities. Unfortunately, surface water is no longer safe
as a result of anthropogenic activities such as agricultural wastes, industrial effluents, dumping
of solid wastes into water bodies, contamination by potentially toxic elements pollutants and
increase population, which has greatly contaminated the surface water and hence affects the
quality of such surface water [3]. Thus, making accessibility and availability of clean and
uncontaminated water difficult. As a result, heavy metals is considered one of the most
dangerous pollutants of all these activities as they alter the chemical composition of surface
water thereby resulting to consequences detrimental to humans, other animals, vegetation and
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soil pollution [4]. Thus, considered a worldwide environmental problem [5,6] and causing death
of about 3 million people annually [7].

Potentially toxic elements and metalloids are non-biodegradable elements that occur in the
earth’s crust with high density, significant concentrations of these toxic elements such as Cobalt,
Iron, Lead, Copper, Cadmium, Nickel, Chromium, Arsenic and Zn has high risk on human
health and negative tendency towards the environment [8,9]. Potentially toxic elements enter the
environment through natural and anthropogenic activities such as mining, industrial processes
and waste disposal [10, 11]. Potentially toxic elements such as lead can be present in municipal
solid waste incinerators, fuel, plumbing systems, industrial activities and motor vehicles (i.e.
tetraethyl lead) [12]. Cadmium may be found in automobile tyres, industrial production and
inappropriate disposal of batteries and release of spent oils from automobile workshops while
zinc can contaminate natural waters through roofing sheets, galvanized pipes, metal oxidation
enter the water bodies through surface run-off, sewage, effluent discharge, mine drains and
release of spent oils from automobile workshops etc. Iron can be present in surface water through
oxidation of metals (rusting of metals) [13,14]. Potentially toxic elements tend to accumulate in
food chains [15], thus they cause serious human health issues, such as neurological disorders,
nervous system damage, multiple organ damage such as the kidney, Alzheimer’s disease, cancer,
fragile bones and even death in case of large amount of the potentially toxic elements [16–18].
However, human beings need some trace metals such as iron, zinc and copper for intracellular
and DNA-binding processes, but these metals are toxic even in trace amount [19].

Surface water monitoring is essential, especially when the water is normally used for in-
dustrial, agricultural and domestic purposes [20, 21]. Apart from the use of surface water
as domestic purposes, irrigation purposes, economic development and industrial activities,
the Rivers, Omambala and Ezu, are known to be rich in natural resources such as fisheries,
readily available protein. With the increasing human population, there is need for sustainable
exploitation of these fisheries resources [22].

The importance of this river to the local population is that it serves as a fish ground and
above all as a source of water for domestic purposes, especially when public water supply fails.
This work is therefore, an attempt to examine the selected potentially toxic elements sampled
locations of Rivers Omambala and Ezu, in Anambra State and compared with the WHO and
NSDWQ standard for conformity to physicochemical standards for drinking water quality.

The information obtained from this research work makes recommendations where necessary,
providing knowledge of physicochemical parameters, potentially toxic elements pollutant,
Water Quality Index (WQI) and other reliable information that could be useful to the relevant
government, water treatment agencies, research institutes and the general public health and
safety.

2 Materials and Methods
2.1 Study Area

The description of the study areas are Omambala River, Anambra East L.G.A and Ezu River,
Awka North L.G.A of Anambra State, Nigeria were investigated (Figure 1 and 2). The two
rivers are located at longitude 6o36o.01E and 7o12.01E and latitude 5o42o.01N and 6o36o0

′
N

within the tropical rain forest belt [22]. Omambala is a tributary of River Niger (North), Ezu
River (South), Omor and Umuerum communities (East). The area is located within the tropical
climate of the rainforest vegetation with distinct dry and wet seasons. The dry season lasts from
November to March while the rainy season from April to October with mean annual rainfall of
about 1805 mm. River omambala flows 210 kilometres (130 miles) into the Niger River before
finally being released into the Atlantic ocean through various outlets [23].

2.2 Sample Collection and Pretreatment
Three sampling points were selected along the length of River Omambala (labelled ROWS1,

ROWS2 and ROWS3) and along River Ezu (labelled REWS1, REWS2 and REWS3). Plastic
bottles were used for sample collection; they were washed with detergent, rinsed with distilled
water and dried in an oven overnight 105oC. The marked sterilized bottles were dipped into the
river at a depth of 25cm below the water surface. The samples were collected between 9.00am
and 11.00am, sealed and covered with black polythene bag to prevent reaction with sunlight. A
total of thirty (30) water samples; fifteen (15) water samples each were collected for the study
from the three different points in Omambala River and River Ezu.
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Figure 1 Map showing River Omambala Figure 2 Map showing River Ezu

2.3 Digestion of water sample
The water samples were shaken thoroughly in their various plastic containers before the

commencement of the analysis. 100 ml of water sample was measure into a 100 ml conical
flask, 5ml of concentrated nitric acid was added and heated on a hot plate to evaporated about
20 ml in order to ensure that the water did not boil. A further 5ml of concentrated nitric acid
(65% purity) was added and the beaker was covered with a watch glass while heating continued.
Concentrated nitric acid was added at an interval until the solution appeared coloured and
cleared. Few drops of hydrogen peroxide were then added to ensure complete digestion. The
solution was filtered and the filtrate was transferred to a 100 ml volumetric flask to cool and
then made up to the mark with distilled water [24].

2.3.1 Determination of Physicochemical Properties of River Omambala and
River Ezu

The physical parameters such as temperature, pH, electrical conductivity and total dissolved
solid were measured and recorded at the time of collection of water samples. The physico-
chemical analysis was carried out using the American Public Health Association (APHA) [25]
standard methods for water analysis as follows [APHA]:

(1) Determination of pH: The pH was determined using a pH meter (Hanna Instrument,
Model: HI991300). The pH meter was calibrated using buffer standards at pH 4, pH 7 and pH
9. After the calibration, the pH electrode was rinsed with distilled water, cleaned dry and then
rinsed with the water sample. The electrode was then dipped into each of the water samples in
turn and the respective pH readings were obtained from the digital readout.

(2) Determination of Temperature: This was determined using the mercury-in-glass ther-
mometer, calibrated in degree Celsius with a range of 0–100◦C. The thermometer was immersed
into the can containing the water sample for five minutes to ensure a complete stabilization
before taking the readings.

(3) Determination of Electrical Conductivity: The conductivity meter used was HANNA EC
215 conductivity meter. The conductivity meter probe was rinsed with deionized water, cleaned
dry and then rinsed with the water sample. The probe was then dipped into the water samples in
turn to obtain the respective conductivity reading from the digital readout.

(4) Determination of Dissolved oxygen: This was determined using the Winkler method.
(5) Determination of Biochemical oxygen Demand: This was determined using the Winkler

method.
(6) Determination of Turbidity: Turbidity was determined using a turbidity meter (Thermo

Fisher Scientific, Model: AQ4500).
(7) Determination of Total Hardness: This was determined by titrimetric method using

Solochrome Black-T as indicator and 0.01EDTA as titrant. The titre values were recorded and
the total hardness of the water sample was calculated thus:

Total hardness (mg/CaCO3) =
Volume of Titrate × 1000

Volume of samples (cm3)
(1)

(8) Determination of Chloride: This was done by the Argentometric titration method using
potassium chromate as indicator and 0.01M silver nitrate as titrant. The titre values were
recorded and chloride concentration of the water sample was calculated thus:

Chloride concentration = titre value× 10 = 10×mg/l (2)

(9) Determination of Nitrate and Sulphate: Nitrate and Sulphate were measured using a
UV–visible spectrophotometer (Bioevo-peak, Model: 721G-100).
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2.3.2 Potentially Toxic Elements Analysis
Potentially toxic elements analysis was conducted using Varian AA240 Atomic Absorp-

tion Spectrophotometer (AAS) according to the method of APHA (American Public Health
Association) [26, 27]. The wavelength (energy) absorbed in the flame is proportional to the
concentration of the element in the sample. The standard solution for each tested element was
prepared according to its concentration and the calibration curve for each metal was prepared
by plotting the absorbance of standards versus their concentrations [23, 28].

2.4 Data Analysis
The data obtained from this study was analyzed using statistics (mean) for the three sampling

points on Omambala River and Ezu River and compared with the recommended limits set
by the Nigeria Standard for Drinking Water (NSDWQ) [29] and World Health Organization
(WHO) [30].

2.5 Water Quality Index
Water quality index is a tool used to determine status of water quality by integrating all the

parameters while comparing with the standards recommended by the government authorities to
safe guard human health [31,32]. The WQI was calculated using the standards recommended by
World Health Organization (WHO) and the Nigeria Standard for Drinking Water (NSDWQ). The
WQI was calculated by averaging the individual index values of some or all of the parameters
within five water quality parameter categories that depicts the pollution level or status of the
water: turbidity biochemical oxygen demand, dissolved oxygen, nutrients (total nitrogen (mg/l),
and/or total phosphorus (mg/l)) and total solids. The standard value of the ith parameter is
inversely proportional to the relative weight. Relative weight (wi) is calculated by:

Wi α 1/Si (3)

The unit weight for each water quality parameter is calculated by using the following
parameter:

Wi = k/Si (4)

K = 1/
∑

1/Si (5)

Where:
Wi = relative weight
Si = Recommended NSDWQ/WHO standard value of i parameter
K = Proportionality constant

The Quality rating scale is calculated as [31–33]:

Qi = 100× (Vi−Vi0)

(Si−Vi0)
(6)

Qi = Vi/Si× 100 (7)

where,
Qi = sub index of the ith parameter.
Vi = concentration of the ith parameter.
Si = Recommended WHO standard value of the ith parameter.
Vi0 = the ideal value of the nth parameter in pure water. The ideal value used for all

parameters was zero, except pH =7 and DO = 14mgL−1 [33].

The sub-index Si and WQI are computed using the relationship in Equations (3) and (4),
respectively.

SIi = wi× qi (8)

WQI =
∑

SIi (9)

Where: SIi is the sub-index of the ith parameter and qi is the rating based on the concentration
of the ith parameter.

Finally, overall WQI was calculated using the WQI [34, 35] according to the following
expression:

WQI =

∑ niQiWi∑
Wi

(10)
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The water quality ratings are 0–25 (excellent), 26–50 (good), 51–75 (poor), 76–100 (very
poor) and > 100 (heavily polluted) [36].

3 Results and Discussion

Table 1 Physicochemical Properties of Rivers Omambala and Ezu in Anambra State

Parameter ROWS-1 ROWS-2 ROWS-3 REWS-1 REWS-2 REWS3 NSDWQ standards

pH 5.51 5.91 5.99 5.09 6.43 4.99 6.5–8.5
Temp. (oC) 27.74 28.97 29.25 27.71 28.53 30.40 25–35
E.C (µs cm−1) 1469.70 1530.65 1623.82 1731.18 1361.52 1830.51 1000
Dissolved oxygen (mg L−1) 6.12 5.48 5.64 4.41 6.84 4.53 10.00
Biochemical oxygen demand (mg L−1) 16.73 18.61 15.45 20.02 26.43 19.70 2.00
Total dissolved solid (mg L−1) 27.54 32.09 38.62 19.75 21.12 24.86 500
Turbidity (NTU) 35.19 29.30 30.36 27.14 21.74 29.50 5.00
Total hardness (mg L−1) 20.27 17.96 17.95 22.26 29.19 22.26 150.00
Chloride (mg L−1) 73.08 93.57 100.58 105.69 84.26 98.33 250.00
Nitrate (mg L−1) 53.85 60.95 63.25 76.89 50.15 80.39 50.00
Sulphate (mg L−1) 49.04 53.77 56.33 50.20 43.51 57.05 250.00

Table 2 Potentially toxic elements in surface water from Rivers Omambala and Ezu in Anambra State

Parameter
ROWS-1
(mg/L)

ROWS-2
(mg/L)

ROWS-3
(mg/L)

REWS-1
(mg/L)

REWS-2
(mg/L)

REWS-3
(mg/L) NSDWQ Standards WHO limits

As 0.095 0.114 0.130 0.080 0.093 0.056 0.01 0.01
Cd 0.008 0.004 0.005 0.004 0.002 0.002 0.03 0.01
Cu 0.010 0.008 0.012 0.09 0.006 0.008 1.00 2.00
Fe 2.004 1.900 1.769 2.533 1.989 2.164 0.30 0.30
Pb 0.007 0.009 0.008 0.008 0.007 0.005 0.01 0.01
Zn 0.305 0.287 0.299 0.456 0.376 0.311 3.00 5.00

Note: * NSDWQ: Nigerian Standard for Drinking Water Quality; * WHO: World Health Organization; * ROWS: River Omambala Water Sample;
* REWS: River Ezu Water Sample.

Table 3 Computation of Water Quality Index from River Omambala

Parameter VI SI 1/SI WI QI QIWI

pH 5.80 7.5 0.1333 0.1324 77.33 10.24
Temp. (oC) 28.65 27.5 0.03636 0.03610 104.18 3.76
E.C (µs cm−1) 1541.39 1000 0.001 0.0009927 154.14 0.15
Dissolved Oxygen (mgL−1) 5.75 10.0 0.1 0.09927 57.50 5.71
Biochemical Oxygen Demand (mgL−1) 16.93 2.0 0.5 0.4964 846.5 420.20
Total Dissolved Oxygen (mgL−1) 32.75 500 0.002 0.001985 6.55 0.013
Turbidity (NTU) 31.62 5.0 0.2 0.1985 632.4 125.53
Total Hardness (mgL−1) 18.73 150 0.00667 0.006605 12.49 0.082
Chloride (mgL−1) 89.08 250 0.004 0.003971 35.63 0.14
Nitrate (mgL−1) 59.35 50 0.02 0.01985 118.7 2.36
Sulphate (mgL−1) 53.05 250 0.004 0.003971 21.22 0.084∑

(1/Si) = 1.00733 1.0000447
∑

Qiwi = 568.269

Table 4 Computation of Water Quality Index from River Ezu

Parameter VI SI 1/SI WI QI QIWI
pH 5.50 7.5 0.1333 0.1324 73.33 9.71
Temp. (oC) 28.88 27.5 0.03636 0.03610 105.02 3.79
E.C (µs cm−1) 1641.07 1000 0.001 0.0009927 164.11 0.16
Dissolved Oxygen (mgL−1) 5.26 10.0 0.1 0.09927 52.60 5.22
Biochemical Oxygen Demand (mgL−1) 22.05 2.0 0.5 0.4964 1102.50 547.28
Total Dissolved Oxygen (mgL−1) 21.91 500 0.002 0.001985 4.38 0.0087
Turbidity (NTU) 26.13 5.0 0.2 0.1985 522.6 103.74
Total Hardness (mgL−1) 24.57 150 0.00667 0.006605 16.38 0.11
Chloride (mgL−1) 96.09 250 0.004 0.003971 38.44 0.15
Nitrate (mgL−1) 69.14 50 0.02 0.01985 138.28 2.74
Sulphate (mgL−1) 50.25 250 0.004 0.003971 20.1 0.080∑

(1/Si) = 1.00733 1.0000447
∑

Qiwi = 672.99

Note: K=1/
∑

(1/Si); wi = k/Si; K = 1/1.00733; K = 0.9927; The Quality rating scale is calculated as CCME WQI [31]: Qi =Vi / Si x100
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Table 5 Computation of Water Quality Index of Potentially Toxic Elements in Surface water
from River Omambala in Anambra State

Parameter Vi Si 1/Si Wi Qi Qiwi

Arsenic 0.113 0.01 100.00 0.329 1130.0 371.77
Cadmium 0.00567 0.01 100.00 0.329 56.7 18.65
Copper 0.01 2.00 0.50 0.00165 0.5 0.000825
Iron 1.891 0.30 3.33 0.0110 630.33 6.93
Lead 0.008 0.01 100.0 0.329 80.0 26.32
Zinc 0.297 5.00 0.20 0.000658 5.94 0.00391∑

(1/Si) = 304.03 1.000308
∑

Qiwi = 423.67

Table 6 Computation of Water Quality Index of Potentially Toxic Elements in surface water
from River Ezu in Anambra State

Parameter Vi Si 1/Si Wi Qi Qiwi

Arsenic 0.0763 0.01 100.00 0.329 763.0 251.03
Cadmium 0.00267 0.01 100.00 0.329 26.7 8.78
Copper 0.0347 2.00 0.50 0.00165 1.735 0.0029
Iron 2.229 0.30 3.33 0.0110 743.0 8.17
Lead 0.00667 0.01 100.0 0.329 66.7 21.94
Zinc 0.381 5.00 0.20 0.000658 7.62 0.00501∑

(1/Si) = 304.03 1.000308
∑

Qiwi = 289.93

Note: K = 1/
∑

(1/Si); wi = k/Si; K = 1/304.03; K = 0.00329; The Quality rating scale is calculated as CCME WQI [31]:
Qi = Vi/Si × 100

Table 7 Water Quality Assessment

Physicochemical Parameters WQI Values Grade

River Omambala 568.269 E
River Ezu 672.99 E
Potentially Toxic Elements WQI Values Grade
River Omambala 423.67 E
River Ezu 289.93 E

Note: Total WQI > 100, CLASS E

3.1 Plots of the actual data

Figure 3 Actual plot for River Omambala

Figure 4 Actual plot for River Ezu
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Figure 5 pH plots

Figure 6 Temperature plots
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Figure 7 E.C (µs/cm) plots

Figure 8 Dissolved oxygen (mg/L) plots
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Figure 9 Biochemical oxygen demand (mg/L) plots

Figure 10 Total dissolved solid (mg/L) plots
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Figure 11 Turbidity (NTU) plots

Figure 12 Total Hardness (mg/L) plots
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Figure 13 Chloride (mg/L) plots

Figure 14 Nitrate (mg/L) plots
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Figure 15 Sulphate (mg/L) plots

3.2 Plot with ANN

Figure 16 ANN for River Omambala

Figure 17 ANN for River Ezu
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3.3 Plot with Fuzzy logic

Figure 18 Fuzzy logic for River Omambala

Figure 19 Fuzzy logic for River Ezu

3.4 Comparative analysis

Figure 20 Comparative plot for River Omambala

Figure 21 Comparative plot for River Ezu

pH: The mean concentration of River Omambala is 5.80 and ranged from 5.51-5.99 while the
mean concentration of River Ezu is 5.50 and ranged from 4.99-6.43. These values are below the
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acceptable limit of the Nigerian Standard for Drinking Water Quality (NSDWQ). This implies
that the mean pH values for both rivers are slightly acidic.

Temperature: The mean concentration of River Omambala is 28.65 and ranged from 27.74-
29.25 while the mean concentration of River Ezu is 28.88 and ranged from 27.71-30.40. These
values are within the ambient temperature range stipulated by the Nigerian Standard for Drinking
Water Quality (NSDWQ).

Electrical conductivity: The mean concentration of River Omambala is 1541.39 and ranged
from 1469.70-1530.65 while the mean concentration of River Ezu is 1641.07 and ranged
from1361.52-1830.51. It can be seen that these values are higher than the acceptable Nigerian
Standard for Drinking Water Quality limit. The high electrical conductivity values were
attributed to the impact of dissolved ions in the surface water [37].

Dissolved oxygen: The mean concentration of River Omambala is 5.75 and ranged from
5.48-6.12 while the mean concentration of River Ezu is 5.26 and the ranged from 4.41-6.84.The
dissolved oxygen values are below the recommended limit stipulated by the Nigerian Standard
for Drinking Water Quality, this is in agreement to the earlier work done by Ikeogu et al. [23]
in River Omambala. Dissolved oxygen is one of the most important indicators of good water
quality and it is required for the survival of fish and other aquatic organisms [38].

Biochemical oxygen demand: The mean concentration of River Omambala is 16.93 and
ranged from 15.45-16.73 while the mean concentration of River Ezu is 22.05 and ranged from
19.70-26.43. The values are much higher than the recommended Nigerian Standard for Drinking
Water Quality, which conforms to the earlier work done by Okeke et al. [22]. This implies that
the water contains biodegradable organic matter, indicating that the water is highly polluted,
therefore High BOD indicates low DO [39].

Total dissolved solid: The mean concentration of River Omambala is 32.75 and ranged from
27.54-38.62 while the mean concentration of River Ezu is 21.91and ranged from 19.75-24.86.
These values are far below the recommended limit stipulated by the Nigerian Standard for
Drinking Water Quality. This is in line with earlier work done by Okeke et al. [22] in River
Omambala and Mor et al. [40] in River Ezu.

Turbidity: The mean concentration of River Omambala is 31.62 and ranged from 29.30-
35.19 while the mean concentration of River Ezu is 26.13 and ranged from 21.74-29.50. It can
be seen that the turbidity values are significantly higher than the stipulated limit recommended
by the Nigerian Standard for Drinking Water Quality, this conforms to the earlier work done
by Okeke et al. [22] in River Omambala. According to Kabari et al. [33], high turbidity values
in surface waters can harbor microbial pathogens and result to health risks when consumed
directly or indirectly.

Total hardness: The mean concentration of River Omambala is 18.73 and ranged from
17.95-20.27 while the mean concentration of River Ezu is 24.57 and ranges from 22.26-29.19,
this is in line with Okeke et al. [22] and Wakawa et al. [40] in River Ezu. It can be seen that the
total hardness values reported in this study are far below the recommended limit stipulated by
the Nigerian Standard for Drinking Water Quality. This means that the water is not hard, but may
lack some essential minerals like Ca 2+and Mg 2+ ions needed for proper body functioning.

Chloride: The mean concentration of River Omambala is 89.08 and the ranged from 73.08-
100.58 while the mean concentration of River Ezu is 96.09 and ranged from 84.26-105.69 , this
conforms to the earlier work done by Wakawa et al. [40] in River Ezu. These chloride values
are much lower than the stipulated limit by the Nigerian Standard for Drinking Water Quality.

Nitrate: The mean concentration of River Omambala is 59.35 and ranges between 53.85-
63.25 while the mean concentration of River Ezu is 69.14 and ranges between 50.15-80.39. The
values are higher than the recommended limit by the Nigerian Standard for Drinking Water
Quality, which conforms to the earlier work done by Ikeogu et al. [23] in River Omambala.
Nitrate in occurs mainly from fertilizers, waste dumps, and manure storage pollution [41].

Sulphate: The mean concentration of River Omambala is 53.05 and ranged from 49.04-56.33
while the mean concentration of River Ezu is 50.25 and ranged from 43.51-57.05. This conforms
to the earlier work done by Wakawa et al. [40] in River Ezu. The sulphate values are far below
the recommended limit by the Nigerian Standard for Drinking Water Quality. Sulphate in the
water can occur through the oxidation of sulphide in soils, mineral dissolution and runoff of
fertilizers in the soil [42].
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3.5 Potentially toxic elements of River Omambala
Arsenic: The mean concentration of River Omambala is 0.113 and ranged from 0.095-0.130

while the mean concentration of River Ezu is 0.0763 and ranged from 0.056-0.093. The values
are higher than the recommended limit by the World Health Organization (WHO), this conforms
to earlier work done by Tabugbo et al. [43] in River Omambala. Surface run-offs, refuse dumps
and agricultural activities may have contributed to the high concentration of iron. Arsenic is a
potent carcinogen. Excessive exposure to high arsenic levels in water can cause skin lesions,
cancers and other health problems [44–48].

Cadmium: The mean concentration of River Omambala is 0.00567 and ranged from 0.004-
0.005 while the mean concentration of River Ezu is 0.00267 and ranged from 0.002-0.004.
The values are lower than the recommended limit by the World Health Organization (WHO),
this conforms to similar work done by Tabugbo et al. [43] in River Omambala. However,
high concentration of cadmium from batteries, electronic wastes, paints and hydrocarbon
exploration and extraction in surface waters is considered toxic to aquatic organisms and
humans [44, 49, 50]. In fishes, it affects the endocrine function thereby reducing breeding
and fish population. For children, it affects their bone formation. Cadmium is highly toxic.
Long-term exposure to cadmium in water or food can lead to kidney damage, lung cancer, and
bone disorders [44, 51–58].

Copper: The mean concentration is 0.01 and ranged from 0.008-0.012 while the mean
concentration of River Ezu is 0.0347 and ranged from 0.006-0.09. The values are lower than the
recommended limit by the World Health Organization (WHO), this conforms to earlier work
done by Tabugbo et al. [43] in River Omambala and Wakawa et al. [40] in River Ezu.

Iron: The mean concentration of River Omambala is 1.891 and ranged from 1.769-2.004
while the mean concentration of River Ezu is 2.229 and ranged from 1.989-2.533. The values
are higher than the recommended limit by the World Health Organization (WHO), this conforms
to earlier work done by Tabugbo et al. [43] and Ikeogu et al. [23] in River Omambala. Surface
run-offs, refuse dumps and agricultural activities may have contributed to the high concentration
of iron.

Lead: The mean concentration River Omambala is 0.008 and ranged from 0.007-0.009 while
the mean concentration of River Ezu is 0.00667 and ranged from 0.005-0.008. The values are
lower than the recommended limit by the World Health Organization (WHO), this conforms to
earlier work done by Tabugbo et al. [43] in River Omambala.

Zinc: The mean concentration is 0.297 and ranged from0.287-0.305 while the mean con-
centration of River Ezu is 0.381 and ranged from 0.311-0.456. The values are lower than the
recommended limit by the World Health Organization (WHO), this conforms to earlier works
done by Tabugbo et al. [43] and Ikeogu et al. [23] in River Omambala.

Water Quality Index

The WQI revealed that all the water samples from both River Omambala and River Ezu
were heavily polluted both for the physicochemical parameters and toxic elements. For the
physicochemical parameters; WQI for River Omambala is 568.269, while that of River Ezu
is 672.99. The values show that River Ezu is more polluted than River Omambala. For the
potentially toxic elements; WQI for River Omambala is 423.67, while that of River Ezu is
289.93. The values show that River Omambala is more polluted than River Ezu. This could
be as a result of anthropogenic activities such as the chemicals employed during fishing and
natural factors.

The WQI values from this study when compared to other regions showed that the WQI
values were higher than the values found in Lagos, Nigeria [21], and (174.49) for Otamiri and
Orimiriukwa, Owerri [48]. However, WQI values higher than the study area results which
ranged from (138.62-44412.16) Niger Delta [33], (1243.9–3034.5) Uyo, Nigeria [46], 752.4–
752.8 Rivers, Nigeria [47]. Therefore, river water must be well treated for drinking, domestic
purposes and to effectively harness the natural resources such as fishes due to the heavy pollution
of the environment.

4 Conclusion
The physicochemical examination of both River Omambala and River Ezu revealed that the

water samples were polluted with different concentrations of pollutants. The pH, DO,TDS,
total hardness, chloride, sulphate values were below the recommended limit according to the

Resources Environment and Information Engineering • SyncSci Publishing 335 of 339

https://www.syncsci.com/journal/REIE
https://www.syncsci.com


Volume 7 Issue 1, 2025 Victor C. Eze, Ugochukwu U. Egereonu, Nkechi J. Okoro, et al.

National Standard for Drinking Water Quality (NSDWQ), while the electrical conductivity,
BOD, turbidity and nitrate values were above the recommended limit according to the National
Standard for Drinking Water Quality (NSDWQ). For potentially toxic elements, only Arsenic
and Iron values were above the World Health Organization (WHO) drinking water limits for
both River Omambala and River Ezu. Water with high electrical conductivity, turbidity, nitrate,
Arsenic and Iron values is unfit for consumption and hence requires treatment. Apart from
providing economic development and domestic purposes, River Omambala and River Ezu is
known to a provide source of food (proteins), through fishing in the community hence it is
suitable for aquaculture purposes when properly treated to reduce high concentrations of heavy
metals

The WQI showed that both rivers were heavily polluted both for the physicochemical
examination and potentially toxic elements. Therefore, there is a need for regular quality
monitoring of both River Omambala and River Ezu. Also, the government and water treatment
agencies, research institutes should ensure quality water is made available for the general public
health and safety.
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