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Abstract

The deleterious seasonal variation of waterbodies content leaves so much concern for safety of environment. In this
study, heavy metals: Pb, Ni, Mn, Zn, Cd, Cu and Cr, as well as physiocochemical parameters: pH, temperature, turbidity,
silica, nitrite, nitrate, nitrite as nitrogen and ammonia were determined in 80 samples of sediments and water samples
from Chanchaga River and Tagwai Dam in Minna metropolis during dry and rainy seasons. The mean concentrations of
the heavy metals in water and sediment samples were ranged as follows respectively: Pb (ND ; ND), Mn (ND - 0.01
mg/dm3;ND - 0.09 mg/dm?3), Zn (0.00 - 0.02 mg/dm3; ND - 0.12 mg/dm?3), Cd (ND ; ND-0.03 mg/dm3), Cu (ND - 0.01
mg/dm?3;ND - 0.03 mg/dm3) and Cr (ND-0.02 mg/dm3; ND-0.02 mg/dm3) for rainy and dry seasons. The concentrations
(mg/dm3) of the physicochemical parameters were as follows: pH (6.35 - 7.46 ; 4.41-7.75), temperature (27.64 - 30.57°C
; 25.35-27.91), silica (ND - 6.09 mg/dm3; 1.97 -10.11 mg/dm3) ammonia (0.41- 7.54 ; 4.50 - 14.33 mg/dm?3), turbidity
(30.87 -80.86 NTU ; 15.33-66.30 NTU), Conductivity (87.43-115.70 uS/cm ; 209.00 - 421.93 puS/cm), nitrite (ND - 0.12
mg/dm3; 0.05 - 0.41 mg/dm?3), nitrite-nitrogen (0.01 - 0.03 mg/dm3; 0.03 - 0.13 mg/dm?3) and nitrate (ND - 8.13 mg/dm3
; 2.80 - 21.62mg/dm3). Cd, Zn, Mn, ammonia, turbidity, Cu, pH, and nitrite were above the WHO limit in water and
sediment samples and in both seasons. The results of the analysis showed the pollution in Chanchaga River and Tagwai
Dam to be above WHO permissible limit.. Principal Component Analysis of the datasets showed nitrite-nitrogen,
turbidity and pH as the signature contaminants among the water samples, while nitrate, nitrite-nitrogen, Cd, silica and
turbidity characterize the sediment samples. Hierarchical Cluster Analysis (HCA) of the water and sediment samples
characterizes the pollution source types. Correlation analysis showed strong positive relationship among conductivity-
temperature (0.839), nitrate - nitrite nitrogen (0.806), nitrite - nitrite nitrogen (0.999) in the water samples and strong
positive correlation between temperature and silica (0.763mg/dm3), conductivity (0.919uS/cm) and Zn
(0.664mg/dm3) in the sediment samples.

Keywords: Water quality; Heavy metals; Chemometrics; Pollution; Physiocochemical parameters; Chanchaga River;
Tagwai Dam; Signature; Hydrogeological origin

1. Introduction

Pollution of the aquatic environment has become a significant problem due to industrialization and urbanization making
it essential to monitor the presence of these toxic chemicals in the aquatic environment for the safety assessment of the
environment. Over the past decades, human activities have led to ecological pressure in natural habitats thereby
increasing the atmospheric deposition of heavy metals (Chukwuemeka et al, 2020). Heavy metals are metallic chemical
elements that have relatively high density greater than 5 g/cm3 and are toxic even at very low concentrations. Some of
the toxic heavy metals include lead (Pb), cadmium (Cd), chromium (Cr), Mercury (Hg), Arsenic (As) and Thallium (Ti).
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Long term exposure of Heavy metals may cause cancer and can also result in degeneration of neurological, physical and
muscular processes leading to diseases such as Alzheimer’s disease, Pakinson’s disease and muscular sclerosis. (Oguh
et a.l, 2020). They enter into river water from mining areas through various ways such as mine discharge, run-off,
chemical weathering of rocks and soils, wet and dry fallout of atmospheric particulate matter (Venugopal et al,, 2019)
or from industrial areas via discharge of untreated industrial effluent in the river (Singh et al, 2008). The presence of
heavy metals in surface and underground water at above background concentrations is undesirable (Adelekan et al,
2016).

Heavy metal concentrations in aquatic ecosystems are monitored by measuring their concentrations in sediments and
water, since for the normal metabolism of the aquatic life, metals are taken up from water, food or sediment (Bolawa et
al, 2018). Investigations pertaining to the metals in sediments have enlarged in recent years; while previously
sediments were only considered as pollutantreservoirs (Passos et al, 2017). A minor fraction (about 1%) of these
pollutants remains dissolved in water whereas overwhelming concentrations (99%) are stored in sediments.

Water does contain different types of floating, dissolved, suspended and microbiological as well as bacteriological
impurities. Some physical test should be performed for testing of its physical appearance such as temperature, color,
odour, pH, turbidity, TDS etc, while chemical tests should be performed for its BOD, COD, dissolved oxygen, alkalinity,
hardness and other characters (Muhammad et al, 2018). Tagwai Dam and Chanchaga River are important aquatic
ecosystems in Minna and are also major sources of water in Minna Metropolis, Niger State. Anthropogenic activities
such as farming, fishing and irrigation are seen within and around the lake making it necessary to identify and evaluate
the presence of heavy metals status and to comparatively determine if they are within or exceed the permissible limits.

Chemometric techniques are powerful tools for the evaluation and interpretation of river pollution data. Principal
component analysis (PCA) is a dimension-reduction method that is used to convert a large number of related original
variables into a smaller number of uncorrelated variables called principal components, which are linear combinations
of the original variables. Among the statistical techniques, both principal component analysis (PCA) and cluster analysis
(CA) are useful methods to discover common patterns in data distribution, leading to initial dimension reduction of
datasets and helping its interpretation. PCA and CA assist to set up analyzed parameters in different factors/groups on
the basis of contribution from their possible sources (Matthias et al., 2020).

Principal Component Analysis (PCA) has been widely used to expose variable redundancy and combine variables into
single factors. Cluster Analysis (CA) is often coupled to PCA to provide groupings of individual variables according to
distances or similarity indices (Han et al, 2018). The explanation of the above data processing helps to identify pollution
sources and allocate natural vs. anthropogenic contribution.

Although heavy metal pollution in Tagwai Dam and Chanchaga River has been investigated, assessing the contamination
and ecological risks of heavy metals in the water bodies using multiple approaches that are based on multivariate
analytical tools is meaningful. The assessment would help characterize the contamination sources in river and surface
sediments and provide a tool for effectively protecting the river environment.

Thus, this study focused on the analysis of the physico-chemical quality and accumulation of selected heavy metals in
water and sediment samples from Chanchaga River and Tagwai Dam, and application of chemometric techniques to the
pollution data. Methods of multivariate data analysis were applied for the evaluation and interpretation of data. This
analysis could be helpful for Nigerian Government to optimize the marine water monitoring plan and enhance their
pollution control actions

1.1. Study Sites

The study was carried out in Minna, Niger State, located within longitude 6°33’E and latitude 9°37’N, covering a land
area of 88 km2 (Fig 1). The area has a tropical climate with mean annual temperature, relative humidity and rainfall of
30°C, 61.00% and 1334.00 mm, respectively. The climate presents two distinct seasons, a rainy season (between April
to October), and a dry season (between November and March). The vegetation in the area is typically grass-dominated
savannah with scattered tree species.
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Figure 1 Map of Minna Showing the Study Areas

1.2. Tagwai Dam

Tagwai Dam is about 10 km away from Minna town. Mean maximum temperature remains high throughout the year
having about 30°C, particularly in March and June. The vegetative cover is characterised by woodland and tall grasses
inter spread with tall, dense species. In some areas, traces of rain forest species can be seen of Sudan Savannah alongside
the plain of the River.

Tagwai Dam lies between Latitudes 09° 37’ N to 09° 33’ N of the equator and longitudes 06° 39’ E to 06° 42’ E of the
Greenwich meridian of Nigerian sheet 142 North Western (Minna) Nigeria. It covers an area of 9 km2. Most parts of the
area are covered by vegetation. Some of the outcrops are not accessible due to thick vegetation. The river was
constructed for the purpose of domestic water supply to Minna metropolis. Fishing in the area is dominated by artisanal
fishermen that use manually operated wooden canoes, using mostly cast net, gill nets, drift net and traps for fishing.

1.3. Chanchaga River

Chanchaga River transverses Muya, Shiroro, Paikoro, Bosso, and Katcha Local Government Areas and can be located on
Longitude 6°33’E -longitude 6938’E and latitude 9°32’N-latitude 9°35’N.The total land area covered by the basin is
159,259 km. Chanchanga River plays very important role to many people because it serves many purposes ranging from
irrigation farming, fishing and domesticwater supply sources to Minna city, and some towns along the river, (e.g. Gidan
Kwano, Kateregi). The people of the area are predominantly farmers and a lot of farming activities are done on daily
basis. Domestic wastes are dumped in the river and activities such as bathing, washing and defecation are done on the
banks of the river (Nda, et al., 2019).
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2. Material and method

2.1. Samples, Sampling and Pretreatment

2.1.1. Water

Each study site was divided into ten sections. Four hundred water samples were collected at different points in rainy
and dry seasons and homogenized into 40 composite samples. Water samples were gently collected in clean plastic
containers and were subjected to preliminarily acidification. This was done by adding 5cm3 of nitric acid to each water
sample, and then they were transported to the laboratory for storage awaiting digestion. Water samples were collected
in rainy and dry seasons.

2.1.2. Sediments

Each study site was divided into ten sections. Four hundred water samples were collected at different points in rainy
and dry seasons and homogenized into 40 composite samples.. Samples of sediment were collected with a PVC pipe
which was pushed with pressure through the water to obtain sediment layer at a depth of approximately 15 cm.
Sediment samples were packed in polythene bags and transported to the laboratory where they were dried at 105 2C
until there was no further change in weight. Dried sediments for each sampling station was mixed and crashed with a
pestle and mortar to homogenize. The homogenized samples were sieved and packed in clean polythene bags and kept
for digestion and measurement of the heavy metals. Sediment samples were collected in rainy season and dry season.

2.2. Analysis Procedure

Physicochemical measurements such as temperature, silica, pH, turbidity, conductivity, Nitrite, nitrite nitrogen,
ammonia, copper, nitrate, zinc, manganese, cadmium, lead and chromium were analyzed.

On-site analyses of pH, conductivity, and turbidity were carried out at the site of sample collection following the
standard protocols and methods of American Society for Testing and Materials (ASTM D3557-12) using different
calibrated standard instruments. The pH of the water samples was measured by using a pH meter. The pH meter was
calibrated, with three standard solutions (pH 4.0, 7.0, and 10.0), before taking the measurements. The value of each
sample was taken after submerging the pH probe in the water sample and held for a couple of minutes to achieve a
stabilized reading. After the measurement of each sample, the probe was be rinsed with deionized water to avoid cross
contamination among different samples.

The conductivity of the samples was measured using a conductivity meter. The probe was calibrated using a standard
solution with a known conductivity. The probe was submerged in the water sample and the reading was recorded after
the disappearance of stability indicator. After the measurement of each sample, the probe was rinsed with deionized
water to avoid cross contamination among different samples.

The turbidity of the water samples was measured using a turbidity meter. Each sample was poured in the sample holder
and kept inside for a few minutes. After achieving the reading stability, the value was recorded.

Silica was determined using the Standard Test Method for Silica in Water as described byASTM D859-16.A test of the
molybdenum-blue method was used for silica measurement. In each of a series of 100 ml flasks, 5ml of 5%ammonium
molybdate and 3ml in hydrochloric acid was placed and 25ml of distilled or sea water containing known additions of
silicon was added. After 10minutes, 5 ml of 35% v/v sulphuric acid was added, the solution was allowed to stand for 5
minutes and I ml 0.1N-stannouschloride was added. After a further 10 minutes, the extinction softhe solutions were
measure dina I cm cuvette using red filters.

For nitrite-nitrogen determination, the Nitrate/Nitrite-N in Water and Biosolids by Manual Colorimetry method as
described by U.S. Environmental Protection Agency (2011) was used. 2 mL of color reagent (prepared by adding 100
mL 85% phosphoric acid (H3P04) and 10 g sulfanilamide was added to about 800 mL reagent water and mixed to
completely dissolve the sulfanilamide. 1 g N-(1-naphthyl)-ethylenediamine dihydrochloride was added and mixed to
dissolve. It was diluted to 1 L with reagent water and added to 50.0 mL of sample. It was allowed ten minutes for the
color to develop, the absorbance of the sample was measure at 540 nm.

Ammonia was measured by Berthelot or indophenol method using a UV-VIS spectrophotometer Perkin Elmer Lambda
25 with double beam. The method is based on ammonium ion reaction with phenol and hypochlorite in alkaline medium
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to form indophenol blue. The blue color formed is intensified with sodium nitroprusside and the absorbance is
measured at 655 nm.

Nitrates were analyzed by a standardized method of molecular absorption spectrometry based on the formation of a
yellow compound through the reaction of nitrates with sulpho salicylic acid (2-hydroxy-5sulfobenzoic acid) under
acidic conditions followed by treatment with an alkaline solution containing also the disodium salt of the etylen
diaminetetra acetic acid (EDTANa2) to prevent the precipitation of calcium and magnesium salts (SR ISO 7890-3-1998).
The absorbance of the resulted compound was measured at 415 nm with a UV-VIS spectrophotometer Perkin Elmer
Lambda 25.

The analyses of six heavy metals such as Cu, Zn, Mg, Cd, Pb, Cr, was carried out based on ASTM standards (ASTM, 2012),
which are approved by APHA (American Public Health Association) using Atomic Absorption. For analysis of Cd, Cr, and
Pb, direct extraction/air-acetylene flame method was used. The standard solution for each tested element was prepared
according to its concentration and used to calibrate the system before analyzing each water sample. The results were
recorded automatically on a computer connected with the AAS system. The mean of the triplicate measurement was
taken.

Analyzed data was subjected to multivariate analysis of PCA and HCA using Eigenvector Research Inc Solo software,

stand-alone Chemometrics software powered by PLS_Toolbox for pattern recognition. Microsoft Excel 2014
(Multivariate Analysis Add-in) was used to carry out the descriptive statistics and correlation analysis.

3. Results and Discussion

3.1. Physiocochemical Parameters and Heavy Metals Concentration

3.1.1. Physiocochemical Parameters and Heavy Metals Concentration in Water

Table 1 Physico-chemical Parameters and Heavy Metal Concentration in Water Samples during Rainy and Dry Seasons

Parameters Chanchaga Rainy | Chanchaga Dry | Tagwai Tagwai Dry | WHO
Season Season Rainy Season (2014)
Season
pH 6.93+0.01¢ 7.46+0.054 7.44+0.014 6.35+0.072 6.5-
8.5(7.50%)
Temperature(°C) 27.67+0.10b 30.57+0.01cd 27.64+0.01> | 30.48+0.01c¢ 252
Silica(mg/1) 6.09+0.014 NDa 4.38+0.01b NDa 10.00¢
Turbidity(NTU) 80.86+0.01f 58.37+0.0b 76.25+0.018 | 30.87+0.01¢ 5.00a
Conductivity(uS/cm) | 96.49+0.29¢ 115.70£0.05f 87.43+0.01> | 115.06£0.19¢ 10008
Nitrite(mg/1) 0.07+0.014 NDa 0.12+*0.01e 0.03+£*0.01¢ 3.00f
Nitrite as N, (mg/1) 0.02+0.012b 0.01+0.002 0.03+*0.01bc | 0.01+0.002 0.04¢
Ammonia(mg/1) 0.41+0.012 7.54+0.01f 6.49+0.05¢ 2.63+0.01P 0.402
Copper(mg/1) 0.01+0.00v *0.02+0.00¢ *0.40+0.00¢ NDa 0.01b
Nitrate(mg/1) 7.16+0.04¢ NDa 8.13+0.06f 0.92+0.05¢ 10.00¢
Zinc(mg/1) 0.01+0.002 0.02+0.00v *0.03+£*0.01¢ | *0.02+0.00P 0.012
Manganese(mg/1) 0.01+0.00° NDa NDa NDa 0.10¢c
Cadmium(mg/1) NDa NDa NDa NDa 0.03*c
Lead(mg/1) NDa NDa NDa NDa 0.01b
Chromium(mg/1) 0.02+0.01bc NDa 0.01+0.00v *0.04+*0.01¢ 0.054

Values are reported as average mean * standard error of triplicate determinations .Values along the rows with the different alphabetic superscripts

are significantly different at p<0.05 while values with the same alphabet are not significantly different (p<0.05); * = 10-1; ND = Not Detected
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The concentrations of Ph, temperature, turbidity, silica, nitrate, nitrite, nitrite-nitrogen, ammonia, conductivity, Cd, Zn,
Cu, Pb, Cr and Mn in water samples for all sampling locations in dry and rainy seasons are shown in Table 1. The table
represents the mean values for the determined elements during both seasons.

The average mean values of water temperature had significant seasonal variation between the locations. The lowest
water temperature was 27.57°C in samples collected from Chanchaga River during rainy season while the highest water
temperature was 30.57°C in samples collected from Tagwai Dam during dry season. The observed increased values
could be attributed to turbidity and thermal inertia of the water bodies. Seasonal variation in temperature may be due
to absorption of solar energy and subsequent release to the atmosphere. During rainy season, low values of temperature
observed could be due to freshwater flow as stated bySaravanakumar et al., 2018. One of the implications of increased
temperature for water bodies is that metabolic rate and the reproductive activities of aquatic life are controlled by
temperature. Metabolic activity increases with a rise in temperature, thus increasing the demand for oxygen by fish.
However, an increase in river temperature also leads to decrease in dissolved oxygen, limiting the amount of oxygen
available to these aquatic organisms. With a limited amount of dissolved oxygen, fishes in these water bodies may
become stressed. (Kurnaz et al,, 2017). These results show that the obtained values were above the WHO threshold of
259C and the temperature of the water bodies were at the level that can affect the aquatic life negatively.

The average pH values of water samples in the study locations during rainy and dry seasons shown in Table 4.1 were
found to be in the range of 6.35-7.46mg/1 which complies with that of the World Health Organization (WHO) guideline
value of 6.50 -8.50mg/1 for water. These levels differ significantly (p<0.05) for both the rainy and the dry seasons in
each location. This implies that seasonal variations lead to considerable changes in pH. Fluctuations in pH values during
different seasons of the year is attributed to factors like removal of CO: by photosynthesis through bicarbonate
degradation, dilution of waterbodies by freshwater influx, reduction of salinity and temperature and decomposition of
organic matter. It was observed that the pH of the water samples reduced during rainy season but increased during the
dry season. The average mean concentration of the heavy metals also increased with increase in pH values. A reduction
in pH may allow the release of toxic metals that would otherwise be adsorbed to sediment.

The mean values for turbidity recorded in all study locations were above recommended limit. The average mean
turbidity values obtained increased during rainy season but decreased in dry season in each location. The highest
turbidity value was observed in water sample collected from Chanchaga River (80.86NTU) in the rainy season while the
lowest was observed in TagwaiDam (30.87NTU) during dry season. High turbidity is caused by waste discharge, algae
growth and urban runoff (Popoola et al, 2019). As recorded by the National Population Commission of Nigeria (web)
and National Bureau of Statistics (web), Chanchaga area has increased population when compared to that of Tagwai
area leading to increase in the quantity of wastes discharged into the river as well as elevated runoff during rainy season.

The average Conductivity values were in the range of 87.43 - 115.70uS/cm for water samples, with the values for the
rainy (Chanchaga, 96.49 uS/cm; Tagwai, 87.43 uS/cm) and dry seasons (Chanchaga, 115.70 uS/cm ; Tagwai, 115.06
uS/cm) differing significantly (p<0.05), indicating that seasonal variations have the potential to cause change in the
conductivity. Increased conductivity values were obtained during the dry season and reduced during the rainy season
in both water and sediment samples. The low values obtained during the rainy season may be due to dilution of the
water by rainfall. Also, the lower values of conductivity obtained in the rainy season could be caused by dilution of
dissolved salts due to rainfall (WHO, 2017). As rainfall decreases, the level of conductivity increases as a result of
concentration of the ions due to evaporation in the river. Similar findings were reported in the literature (Agbaire, et al,
2019). The values obtained in this study for both seasons were within the recommended guidelines of WHO (1000
uS/cm) for water bodies.

All samples in this study contained ammonia, significantly (P<0.05) which are all above the WHO recommended value.
There were increased ammonia concentration in the rainy season than in the dry season. This could be due to the
increased agricultural activities in the study locations during rainy season. Elevated levels of ammonia in water bodies
usually result from human activities such as overuse of chemical fertilizers and improper disposal of human and animal
wastes as sources of nitrogen-containing compounds, which are converted in the soil. Also, elevated ammonia pollution
levels are sustained in the rainy season because sludge deposits with high ammonia content become suspended in water
and are washed into water bodies. This may explain the high levels of ammonia seen in rainy season when compared to
dry season. Exposure to ammonia pollution can lead to health issues such as fever, difficulty breathing, chest pain and
cough.

The average mean concentration of Zn in the water samples was observed at values ranging from 0.00 mg/1to 0.01mg/1
which is above the recommended limit. Zn pollution in rivers has been reported to be introduced by discharge of waste
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materials, fertilizers that may leach into groundwater,refuse incinerationand effluent from residential and industrial
area. The water bodies studied are in proximity to intensive agricultural activities and waste discharge is increased
during rainy season, these could explain the observed Zn contamination in them. The increased value during rainy
season could also be attributed to the increased leaching during the season. In a similar study, a higher Zn mean level of
76.25 mg/1 than the 3.00 mg/l recommended limits was recorded from Forcados River while lower mean levels of 0.085
mg/l during dry season and 0.716 mg/l during rainy season from River Ganga’s water and 1.0 mg/1 from Nairobi River’s
water were recorded (Agatha, 2017). The observed Zn pollution in this study could be attributed to land use activities
such as agricultural system.

3.1.2. Physiocochemical Parameters and Heavy Metals Concentrations in Sediments

Table 2 Physico-chemical Parameters and Heavy metal Concentration in Sediment Samples during Rainy and Dry
Seasons in the Study Locations

Parameters Chanchaga Rainy | Chanchaga Dry | Tagwai Tagwai Dry | WHO
Season Season Rainy Season (2014)
Season
pH 4.41+0.01a 6.22+0.014 5.58+0.03¢ 7.75+0.018 6.5-
8.5(7.509)
Temperature(°C) 25.35+0.01b 27.50+0.01¢ 27.91+0.01f 27.57+0.014 252
Silica(mg/1) 8.57+0.014 1.42+0.01> 10.11+0.01f 1.97+0.01¢ 10.00e
Turbidity(NTU) 27.90£0.01b 20.57+0.024 66.30+0.01¢ 15.33+£0.01b 5.002
Conductivity(uS/cm) | 412.80+0.014 421.93+0.01e 209.00+0.01f | 260.23+0.01 1000¢
Nitrite(mg/1) 0.05+0.012b 0.05+0.022b 0.41+0.044 0.09+0.01¢ 3.00e
Nitrite as N, (mg/1) 0.12+0.01¢ 0.04+0.01b 0.13+0.01¢ 0.03+0.01b 0.04pb
Ammonia(mg/1) 14.33+£0.02f 4.50+0.01b 8.29+0.014 7.97+0.01¢ 0.4072
Copper(mg/1) 0.03+0.01¢ NDa 0.03+0.02¢ 0.01+0.01ab 0.01b
Nitrate(mg/1) 4.05+0.014 2.80+0.01a 21.62+0.01s | 3.49+0.01b 10.00f
Zinc(mg/1) 0.12+0.01¢ NDa NDa NDa 0.01b
Manganese(mg/1) NDa *0.01+£0.0120 0.09+0.01¢ 0.02+0.01b 0.10¢
Cadmium(mg/1) 0.02+0.01bc NDa 0.03+0.01¢ *0.03£0.01¢ 0.03%c
Lead(mg/1) ND2 NDa NDa NDa 0.01b
Chromium(mg/1) 0.02+0.01b *0.02+0.01b 0.02+0.01v NDa 0.05¢

Values are reported as average mean * standard error of triplicate determinations.Values along the rows with the different al phabetic superscripts
are significantly different at p<0.05 while values with the same alphabet are not significantly different (p<0.05); * = 10-1:ND = Not Detected

The concentrations of Ph, temperature, turbidity, silica, nitrate, nitrite, nitrite-nitrogen, ammonia, conductivity, Cd, Zn,
Cu, Pb, Cr and Mn in sediment samples for all sampling locations in dry and rainy seasons are shown in Table 2. The
table represents the mean values for the determined elements during both seasons.

In Table 2, the pH values indicated acidic nature of the sediments in the study locations during rainy season. Although
the average mean values are within the acidic range, the sediment pH was high in dry season and low during rainy
season possibly due to redox changes in the sediments and water column apart from the influence of freshwater. The
pH of sediment and the interstitial water affects metal retention by developing a pH-dependent charge at a weak acidic
surface and determines the extent of ion-exchange reactions. Similarly, protons and hydroxide ions compete with
absorbing cations and anions respectively. pH variation in sediments influences the release or adsorption of each metal
into sediment fraction. High pH lowers desorption of metals and possesses high buffering capacity against acidic
conditions that may be created as a result of wastes accumulation. Association of metals with the carbonate and organic
fraction are affected by pH variations. Low pH is known to influence the sorption of heavy metals by organic fraction in
sediments (Oshisanya et al, 2021). In this study, the total extractable fraction of the metals in the sediment samples
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generally increased during rainy season with a relatively lower average pH. This may be due to increase in metals
complexation.Acidic pH was obtained by Tukura, et al., (2017) in water and sediment samples from Lagos lagoon.
Although their mean value (4.9) was higher than the mean values obtained in this study, it still falls within acidic range.

In sediment samples, the highest turbidity value was obtained from Chanchaga Diver during rainy season while the
lowest value (1.93NTU) was obtained in Tagwai Dam during dry season. This maybe due to higher rainfall in rainy
season than in the dry season. The mean values obtained during the sampling period for both seasons were higher than
the WHO standards of <5.00 NTU. Seasonal variations in turbidity levels in various rivers in Nigeria have been reported
by Ojelabi et al, 2018. High turbidity increase water temperature due to the particles absorbing sunlight. This may be
part of the reason for the increased temperature values recorded in this study.

Nitrate values varied from 0.63 to 21.62 mg/] respectively. The average value for sediment samples in other locations
were within acceptable limit except in Bosso dam (1.62mg/1) during rainy season. The main source of nitrate
contaminant in water is through run-off from farmlands. These water bodies are surrounded by farmlands and have
increased agricultural activities surrounding them. Nitrate is a major ingredient of farm fertilizer and is necessary for
crop production. Nitrate can also get into water bodies from leaking of wastewater (where latrines and septic tanks are
poorly sited) or other organic wastes (from animals livestock, fish and birds) into groundwater. Nitrate in rivers also
result from sewage disposal systems and livestock facilities. Considering the fact that the site with high nitrate contents
are agrarian, the high nitrate observed is related to runoff from farmlands due to the wide scale use of nitrogenous
fertilizer [nitrogen-phosphorus-potassium (N-P-K)].

In general the nitrate values were increased during rainy season and decreased during dry season. The highest nitrate
value recorded during rainy season may be attributed to heavy rainfall and land runoff. Another possible way of nitrate
entry is through oxidation of ammonia form of nitrogen to nitrite and then consequently to nitrate. The low values
recorded during dry period may be due to utilization by phytoplankton. The higher value of nitrite recorded during
rainy season may be due to various reasons including variation in phytoplankton excretion, oxidation of ammonia and
reduction of nitrate and by recycling of nitrogen and bacterial decomposition of planktonic detritus present in the
environment. The nitrite sources in waters are the organic matters, fertilizers, and some of minerals. Nda et al, (2019)
also observed elevated nitrate pollution values in Chanchaga River during rainy season. Nitrates are higher during rainy
season but reduce towards dry season because rain flushes out deposited nitrate from the near surface (Nda et al,
2019).

Ammonia was observed in the sediment samples at elevated levels above the permissible limit in all locations and in
both seasons ranging from 4.50mg/l - 14.52mg/1. The concentration increased during rainy season and decreased
during dry season. Ammonia can enter the aquatic environment via direct means such as municipal effluent discharges
and the excretion of nitrogenous wastes from animals, and indirect means such as nitrogen fixation, air deposition, and
runoff from agricultural lands. The study areas are surrounded by farmlands. The agricultural activities within the areas
may contribute to ammonia pollution in the water bodies as both chemical fertilizers and human manure may leach
from farmlands. The observed elevated values in rainy season may be due to increased runoffs during this season.

3.2. Chemometric Models

Principal Component Analysis tools such as Score plot, loading plot, biplot, Hotelling T2/Residual plot where applied to
the datasets. HCA was also applied to the datasets.
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3.2.1. Principal Component Analysis (PCA) on Water Dataset

Two principal components (PCs) were selectedwhich accounted for 57.10% of the cumulative variance in the data set.
The plots were obtained as follows.

The Hotelling T"2/Residual plot shown in figure 2 is based on water samples data for water samples during rainy and
dry seasons. Hotelling T"2 enables us to visualize unusual or unique samples. Samples TWR2 (2), TWR8 (18), TWR9 (19)
and CWR2 (2) were shown as unusual. They are considered as unusual because while other samples were gravitating
towards (0,0) origin, TWR2 (2), TWR8 (18), TWR9 (19) and CWR2 (2) stood out. The water samples (12, 18, 19) were
collected from Tagwai Dam during rainy while sample 2 was collected from Chanchaga River during rainy season. These
samples have extreme levels of ammonia, nitrate and Cr concentration in them and that makes them unusual related to
other samples. Sample 2 was the only sample from Chanchaga River with ammonia and Cr detected in it.

Score plot reveals groupings based on the samples hydrogeological origin (Salau et al,, 2020). Figure 3 shows the Scores
plot for water samples, three clusters were identified for water samples during rainy and dry seasons. Group A
comprises water samples of Chanchaga River hydrogeological origin during dry season. Group B comprised water
samples of Tagwai Dam hydrogeological origin during dry season and they are characterized by Cr and nitrate pollution,
and high conductivity values.Group C comprises samples collected from Chanchaga River and Tagwai Dam during rainy
season. Samples in group C are characterized by elevated nitrate pollution. Zn and Cr were also detected in these
samples.

Loadings plot shows the significance of the variables in differentiating the samples. It gives information of signature
variable for study sample (Unaeze et al, 2021). Loadings plot shown in Figure 4is for water samples during rainy and
dry seasons. The plot shows pH, Cu, Mn, Nitrite-Nitrogen, ammonia and turbidity as the signature elements for the
samples. The prominent variables are significant in differentiating the samples. Ammonia was not detected in samples
from Chanchaga during rainy season but was detected at high concentration in Tagwai Dam. However, it decreased in
Chanchaga River and increased in tagwai dam during dry season, this explains why it was selected as being prominent
in differentiating the samples. Also, looking at the results, nitrate was not detected at in samples from Chanchaga River
during rainy season but was recorded at high values in Tagwai Dam during both seasons. Similarly, Mn was detected
only in Chanchaga during rainy season. PC1 accounts for 40.91% of the total variance and It showed a positive loading
on silica, nitrate, nitrite as nitrogen, Mn, pH Cd and turbidity.pH and Ammonia were the prominent variable to PC1
because they had the highest component loading. Positive loading on nitrate, ammonia, turbidity, nitrite as nitrogen as
shown indicates there presence in the samples and may be due to run-off from farmlands containing fertilizers used in
agriculture. PC2 showed positive loadings for Zn, conductivity and temperature, and accounts for 16.90% of the total
variability in the data set. Negative loading of Cr in PC 2 reflects their reduction due to dilution process during rainy
season (Salauet al. 2020).

Biplot model, which is a simultaneous plot of both score and loadings, is shown in figure 5 for water samples during
rainy and dry seasons. It shows three groups of samples with characterizing variables. Group A is characterised by
preponderance of ammonia and Zn pollutants. Group B is characterised by considerable temperature values while group
C is characterized by prominent nitrate and Cr concentration values. Similar observation was made from the scoresplot
and dendogram.

3.2.2. Principal Component Analysis (PCA) in Sediment Dataset

Figure 6 is a curve showing theeigenvalue plot for sediment samples during rainy and dry seasons.Two principal
components (PCs) were extracted which captured 22.21% of the total variation in data set.

Figure 7 represents the Hotelling T"2/Residual plot for sediment samples during rainy and dry seasons. It revealed
samples TSR1 (1), TSR 6 (6), CSR 1 (11), CSR2 (12), CSR3 (13) and TSR1 (21) as the outliers having unique pollution.
Samples 1 and 6 were collected from Chanchaga River during rainy season. Samples 12, 13 and 11 were collected from
Tagwai Dam during rainy season while sample 21 was collected from Chanchaga River during dry season. Samples 1, 6,
11, 12, and 13 all have extreme Cd, nitrate, nitrite and Mn pollution in them. Cr was also detected in the outliers except
for samples 1 and 21. These samples were collected within the river bank with on-going irrigation farming. The
observed increased pollutants level could be attributed to fertilizers, pesticides or other agrochemicals applied on the
crops being washed directly into the water bodies.

Figure 8 shows the score plot for sediment samples collected in rainy and dry seasons. Two clusters were identified for

sediment samples during rainy and dry seasons. Cluster A comprises water samples collected from Chanchaga River
and Tagwai Dam during dry season. These samples are characterized by reduced conductivity, silica and nitrate levels.
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Samples in cluster B were collected from both locations during rainy season. Cluster B samples also have elevated
nitrate and ammonia levels. The samples in this cluster are characterized by acidic pH and extreme Cd concentration
values ranging from 0.02-0.07mg/1 which is much higher than the WHO threshold of 0.003mg/1. This may be due to
sedimentation as suggested by Cotman et al, (2019). Mohammad et al, (2018) got similar result in Sokoto river. The
discharge of heavy metals into rivers by domestic and industrial activities causes their rapid association with
particulates and incorporation into sediments.

Figure 9 represents the loadings plot for sediment samples during rainy and dry seasons. The plot shows Nitrate, Nitrite
as Nitrogen, Cd, silica and turbidity as the most prominent variables. PC1 accounts for 42.81% of the total variance and
It showed a positive loading on Cd, Cr, Cu, Zn, conductivity, ammonia, silica and temperature. Positive loading on nitrate,
nitrite as nitrogen as shown indicates there presence in the samples and may be due to run-off from farmlands
containing fertilizers used in agriculture. PC2 showed positive loadings for Pb, Mn and pH, and accounts for 22.61% of
the total variability in the data set. There was no negative loading for any of the variables.

Figure 10 is a Biplot for sediment samples during rainy and dry seasons with Principal Component 2 (PC2) at cumulative
variance of 22.61% plotted on the x-axis and Principal Component 1 (PC1) at 42.81% cumulative variance on the y-axis.
It shows two groups of samples with common variables or similar pollution status. The biplot shows group A to have
Ph, nitrite, Mn and Pb in common. Group B is characterised by Cd, Cr, conductivity, temperature, turbidity, ammonia,
nitrate, silica, Cu, Zn and nitrite-nitrogen as their common variable.

100 T T T T T t } 1 }

Curnulative Variance Captured (%)

1 1 1 1 1 1
2 4 6 8 10 12 14 16
Principal Component Number

Figure 6 PCA Eigen value plot for sediment samples during rainy and dry seasons
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3.2.3. Hierarchical Cluster Analysis on Water and Sediment Data Set

Hierarchical Cluster Analysis groups samples based on their similarities and dissimilarities. Four samples groups were

identified for the water samples data set while three groups were identified for sediment samples.

Dendrogram of Data with Preprocessing: Autoscale

Samples

1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40
Yariance YWeighted Distance Between Cluster Centers

Figure 11 HCA Dendogram for water during rainy and dry seasons

Dendrogram of Data with Preprocessing: Autoscale
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Figure 12 HCA Dendogram for sediment during rainy and dry seasons
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Hierarchical Cluster Analysis (HCA) of Water Dataset

Figure 11 represents HCA Dendogram for water during rainy and dry seasonsshowing the fourty samples plotted on
the x-axis and variance weighted distance between cluster centers on the y-axis. It shows different pairs or groups of
samples with common variables or characteristics.

The clustering procedure highlighted groups in which the sites have similar characteristics and natural source types.
The sample pairs in each of the groups had similar pollution status. Cluster A comprises pairs of samples from both
study locations during rainy season and are considered as samples with elevated levels of nitrate and high turbidity
values. Common source of pollution in these sites include waste water effluents and run off from agricultural lands and
landfills. The nitrate sources in waters are the wastewaters, organic nitrogen and the fertilizers used in agriculture.
Cluster B comprises sample pairs from tagwai during rainy season. Cr was detected in these samples. Cluster C contains
sample pairs with increased conductivity values and also elevated levels of ammonia. These samples were collected
from chanchaga river during dry season. They also showed Zn concentration in them. Cluster D contains pairs of samples
from tagwai dam during dry season. These samples have increased Cr in them. Their conductivity values were also
reduced.

Hierarchical Cluster Analysis (HCA) of Sediment Dataset

Figure 12 represents HCA Dendogram for sediment during rainy and dry seasonsshowing the fourty samples plotted on
the x-axis and variance weighted distance between cluster centers on the y-axis. It shows different pairs or groups of
samples with common characteristics.

For the sediment samples, the dendogram obtained by Ward’s method is shown in Figure 12. The resulted dendogram
grouped all 40 sediment samples into two (2) significant clusters. Group A contains samples with low pH values ranging
from 3.80 - 5.70. Extreme Cd and nitrate pollution was also detected in group A samples. They also had Cr concentration
in them at reduced level. The increased nitrate content of sediment during the rainy season can be considered an
indication of increased pollution of from organic sources and increased agricultural activities during this period. Group
B comprises samples with elevated Mn and Cu concentration. These samples were collected from Tagwai dam and
chanchaga river during dry season.

3.2.4. Correlation Analysis of Water and Sediments Datasets

Correlation analysis is about the interdependence of the variables. It reveals how the presence or change in one variable
affects the presence of another variable in the samples.
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Table 3 Correlation Analysis of water samples during rainy and dry seasons

p T S t C n N A Cu nt Zn Mn Cd Pb Cr
p 1
T ]-0.32384 |1
S 10.202572(-0.82719 |1
t 0.434742 |-0.76342 |0.611365 |1
C |-0.29148 |0.839014 |-0.70046 |-0.68438 |1
n |0.350203 |-0.53524 |0.428222 |0.356502 |-0.60646 |1
N [0.359203 |-0.54229 |0.427846 |[0.365169 |-0.60789 |0.999364 |1
A ]0.370009 |0.191611 |-0.30982 |-0.07217 |-0.09403 [0.300643 [0.302575 |1
Cu |(0.350509 |0.039342 |-0.10435 |-0.1948 |-0.02437 |0.04757 |0.051687 |0.230678 |1
nt |0.239448|-0.79421 |0.655775|0.582839 (-0.75358 |0.806177 |0.806747 |-0.07972 |-0.06189 |1
Zn |0.39957 |0.405529 |-0.34199 |-0.07262 [0.433649 |-0.30903 |-0.30712 |0.221814|0.198911 (-0.42539 |1
Mn |0.206821 |-0.40843 |0.424931 |0.445071 |-0.24856 |-0.22347 |-0.21748 |-0.15654 |0.003359 (0.04787 |0.092488 |1
Cd |0.140989 |-0.21283 |0.178886 (0.168732 |-0.2435 [0.119022 |0.125967 |-0.04002 |0.232907 {0.05415 |-0.22475 |0.074125 |1
Pb |0.069012 |0.5382 -1.42091 (0.21682 [0.33986 |0.220197 |0.10932 |-0.83922 |0.3274 |0.13249 |0.44271 |-0.31974 |0.73921 |1
Cr |-0.60196 [0.160122 |-0.12183 |-0.31296 |0.103182|-0.19457 |-0.20118 |-0.30448 |-0.26662 [-0.14132 |-0.5508 |-0.15633 |0.057146 |#DIV/0! |1

C =Conductivity; P = pH; t = Turbidity; S = Silica; N = Nitrite as Nz; A = Ammonia; nt = Nitrate; n = Nitrite; T = Temperature ;
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Table 4 Correlation Analysis of sediment samples during rainy and dry seasons

pH T S t C n N A Cu nt In Mn Cd Pb Cr
pH |1
T [-0.77454 |1
S |[-0.57961 |0.763123 |1
t -0.15017 |0.330537 | 0.445564 |1
C |[-0.77339 |0.919742 {0.841918 | 0.450189 |1
n |[-0.00586 {0.232199 [0.397607 | 0.676513 |0.424772 |1
N [-0.00644 |0.232979 [0.398169 | 0.674039 |0.425512 |0.99994 |1
A |-0.37124 |0.56985 [0.401221|0.136399 |0.518513 |-0.1604 |-0.16213 |1
Cu |-0.22781 [0.416249|0.299062 | 0.012346 |0.36746 |-0.03769 (-0.0377 |0.472154 |1
nt |(-0.11238 |0.313329 [0.543002 | 0.627621 {0.530318 | 0.927821 |0.928193 |-0.09807 |-0.03036 |1
Zn |-0.61667 [0.664151|0.238012 |0.020887 |0.519318 |-0.21469 |-0.21597 |0.539649 | 0.340682 |-0.19361 |1
Mn [0.555558 |-0.34511 (-0.13902 |-0.11109 |-0.19898 |0.098469 |0.097868 |-0.01919 |-0.00993 |0.129118 |-0.37102 |1
Cd |[-0.31978 |0.450448 [0.604058 | 0.340496 | 0.621163 | 0.552477 |0.551754 | 0.32965 |0.257007 |0.637645 |-0.00687 |0.21396 |1
Pb |0.236275 |-0.32506 |-0.34218 |-0.16386 |-0.34239 |-0.11398 |-0.11408 |-0.12244 (-0.0398 |-0.13776 (-0.17256 |0.050435 |-0.11578 |1
Cr |[-0.57485 |0.750039 [0.720554 | 0.317668 | 0.776855 | 0.330214 | 0.332307 | 0.493364 | 0.343593 | 0.450727 | 0.399296 |-0.11251 | 0.516138 |-0.1041|1

Pearson correlation value at 95% confidence level or 0.05% significant level; C =Conductivity; P = pH

; t = Turbidity; S = Silica; N = Nitrite as N2 ; A = Ammonia; nt = Nitrate; n = Nitrite; T = Temperature
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Correlation Analysis of Water Dataset

Correlation analysis of the data was carried out using Microsoft Excel Add-ins. Table 3 represents the correlation output
of the parameters determined in the water samples during rainy and dry seasons. The result shown in Table 3 suggests
that most of the variables were negatively correlated. However, Strong positive relationship is found among
conductivity-temperature, silica - turbidity and nitrate, nitrate - turbidity, nitrate - nitrite and nitrite as nitrogen, Cd -
Pb which was also observed in PC2.pH showed weak negative correlation with temperature (-0.32384), conductivity (-
0.29148) and Cr (-0.60196). This means that changes in pH of water are associated with those in temperature,
conductivity and Cr concentrations. A negative correlation implies that a decrease in pH is related to an increase in
temperature, conductivity and Cr levels in the water bodies and vice versa. It implies that as water becomes more acidic,
more Cu and Cr are dissolved into it. A weak negative correlation between pH-temperature (- 0.365), pH-conductivity
(-0.359) and pH-Cu (-0.249) were found by Daraigan et al. (2017). This is similar to the findings of this study which
indicates a weak correlation instead.

Turbidity correlated positively with nitrate and silica. This implies that the presence of nitrate and silicais associated
with turbidity of the water bodies. Temperature has a strong positive correlation with conductivity (0.832). This means
thatincrease in temperature is associated with increased conductivity. Strong positive correlations were found between
nitrite and nitrite as nitrogen (0.999) and nitrate and nitrite as nitrogen (0.807).

Correlation Analysis of Sediment Dataset

Table 4 represents correlation analysis of sediment samples during rainy and dry seasons. Temperature showed strong
positive correlation for silica (0.763), conductivity (0.919), ammonia (0.569), Cr(0.750) and Zn (0.664). This means that
changes in temperature of water are associated with those in silica, conductivity, and Zn concentrations. A positive
correlation implies that an increase in temperature is related to an increase in silica, conductivity, and Zn levels in the
water bodies and vice versa. Silica showed a strong positive correlation with conductivity (0.877), nitrate (0.543), Cr
(0.720) and Cd (0.604). Turbidity strongly correlated positively with nitrate, nitrite and nitrite as nitrogen. This implies
that increase in the concentration of nitrate, nitrite and nitrite-nitrogen increases the turbidity of the water bodies.
Conductivity exhibited strong positive correlation with Cd. This also implies that the presence of Cd associated with the
conductivity of the sediment samples. Nitrite strongly correlated positively with nitrate (0.919) and nitrite as nitrogen
(0.999). This means that increased nitrite level leads to increase in nitrate and nitrite as nitrogen in the water bodies.
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Table 5 Correlation Analysis of water samples during rainy and dry seasons

pH T S t C n N A Cu nt Zn Mn Cd Pb Cr
pH|1
T [-0.77454 |1
S |[-0.57961 (0.763123|1
t [-0.15017 |0.330537 |0.445564 |1
C |[-0.77339 |0.919742|0.841918|0.450189 |1
-0.00586 |0.232199 (0.397607 [0.676513|0.424772 |1
N [-0.00644 |0.232979 [0.398169 [0.674039|0.425512 {0.99994 |1
A |-0.37124 |0.56985 |0.401221 |0.136399 |0.518513|-0.1604 |-0.16213 |1
Cu [-0.22781 |0.416249 |0.299062 |0.012346 |0.36746 |-0.03769 |-0.0377 |0.472154 |1
nt [-0.11238 |0.313329 (0.543002|0.627621|0.530318|0.927821|0.928193|-0.09807 |-0.03036 |1
Zn |-0.61667 |0.664151(0.238012 [0.020887 |0.519318|-0.21469 |-0.21597 |0.5396490.340682|-0.19361 |1
Mn|0.555558(-0.34511 (-0.13902 |-0.11109 |-0.19898 |0.098469 |0.097868 |-0.01919 |-0.00993 |0.129118 |-0.37102 |1
Cd [-0.31978 |0.450448 {0.604058|0.340496 {0.621163|0.552477|0.551754|0.32965 |0.257007|0.637645|-0.00687 {0.21396 |1
Pb |0.236275 |-0.32506 |-0.34218 |-0.16386 |[-0.34239 |-0.11398 |-0.11408 |-0.12244 |-0.0398 |-0.13776 |-0.17256 |0.050435|-0.11578 |1
Cr [-0.57485 |0.750039(0.720554(0.317668 |0.776855|0.330214 |0.332307 |0.493364 |0.343593|0.450727 |0.399296(-0.11251 {0.516138|-0.1041|1

C =Conductivity; P = pH; t = Turbidity; S = Silica; N = Nitrite as N2; A = Ammonia; nt = Nitrate; n = Nitrite; T = Temperature
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4. Conclusion

This work was undertaken to evaluate the pollution status of Chanchaga River and Tagwai Dam. In this study, Cd
concentration heightened in the sediment samples (0.02-0.03 mg/dm3) during the rainy season. Increased Zn
concentration (0.12 mg/dm3)was recorded in Chanchaga River during rainy season in the sediment samples, and also
during dry season (0.02 mg/dm3) in the water samples.

The concentrations of ammonia (0.41-14.33 mg/dm3), nitrate (21.62 mg/dm3), nitrite-Nitrogen (0.04-0.13 mg/dm3)
and turbidity (15.33-80.86 mg/dm3) were above the WHO limit (0.40, 10.00, 0.04 and 5.00 mg/dm3respectively) in the
water and sediment samples in the rainy and dry season.

The Hotelling T"2/Residual plot unveiled samples TWR2 (2), TWR8 (18), TWR9 (19) and CWR2 (2), collected from
Tagwai Dam and Chanchaga River during rainy season as the unusual water samples. Samples TSR1 (1), TSR 6 (6), CSR
1 (11), CSR2 (12), CSR3 (13) and TSR1 (21) were revealed as the unusual sediment samples. The Score plot showed
three groups for the water samples based on their hydrogeological origin, and two groups for the sediment samples.
The loadings plot showed pH, Cu, Mn, Nitrite-nitrogen, ammonia, turbidity, nitrate, Cd and silica as the signature
variables in the water and sediment samples. The biplot showed three groups of samples with ammonia, Zn, nitrate, Cr
and temperature as their characterising variables. The Hierarchical analysis disclosed that sample pairs from Tagwai
Dam during rainyand dry seasons had elevated Cr concentration and reduced conductivity values while samples
fromChanchaga River in the dry season had increased conductivity values, Zn and elevated levels of ammonia.

The correlation analysis of the water samples dataset showed that changes in pH of water are associated with those in
temperature, conductivity and Cr concentrations. It also revealed that the presence of nitrate and silicais associated
with turbidity of the water bodies. The increase in temperature also associated with increased conductivity. The
correlation analysis of the sediment samples revealed that changes in temperature are associated with those in silica,
conductivity, and Zn concentrations. Silica showed a strong positive correlation with conductivity (0.877), nitrate
(0.543), Cr (0.720) and Cd (0.604). It was seen that increase in the concentration of nitrate, nitrite and nitrite-nitrogen
increases the turbidity of the water bodies. Also, increased nitrite level leads to increase in nitrate and nitrite as nitrogen
in the water bodies.

The present investigation clearly indicates that the water and sediments from Chanchaga River and TagwaiDam is
contaminated with Cd, Cr, nitrate, ammonia, nitrite-nitrogen and Znthe water bodies were also highly turbid. The
concentration of the recorded pollutants increased during rainy season. The result observed in this study suggests that
agricultural activities and waste disposal are the major sources of pollution in the water bodies. Consequently, there is
a dire need to reduce/regulate the anthropogenic sources of pollution in the study area
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