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Abstract: During wet and dry season of 2012 with a view of evaluating the spatial variations of the water quality. Water
quality samples were transported to the laboratory in samples bottle pre-washed with HNOs. All samples were stored in
ice bottle, preserved at 4° C and subsequently analyzed using laboratory standard methods. Discriminant analysis
revealed data reduction and pattern recognition by revealing only five parameters with (p <0.05) affording 91.67% and
93.06% correct assignation for stepwise forward and backward modes of discriminant analysis respectively. Factor
analysis revealed that most of the variations of surface water at Kano River profile are explained by salinity, conductivity,
pH, TDS, and temperature with 31.6% variability. Multiple linear regression models identified the contribution of each
variable with significant values of r = 0.894, R? = 0.800, (p < 0.05).
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1. Introduction

The spatial concentration of river water quality variations are linked with the diverse input of anthropogenic and
natural influences [1]. Urban rivers especially in developing countries are prone to water pollution due to its proximity to
many pollution sources like domestic wastewater, industrial effluent discharge, solid waste disposal and agricultural
runoff. River water received large quantities of hazardous substances which mainly derived from anthropogenic source
such as industrial and agricultural activities, domestic and municipal sewage treatment plants as well as runoff and
atmospheric deposition [2]. The discharge of excessive nutrients from anthropogenic sources contributes to the
enrichment of organic, inorganic and biological parameters in river water [3]. Natural influences such as regional
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geochemistry, dissolution, precipitation of minerals, water velocity, quantity of receiving water and interactions between
different types of water may have a great impact on the surface water quality [4].

Surface water in rivers is the most vulnerable water bodies to contamination due to their easy accessibility for domestic,
industrial and agricultural discharges. The constant discharge of contaminants and wastewater into surface water from
both anthropogenic and natural influences has a strong effect on the river water quality [5] and such contaminants were
found to enhance the concentration of physicochemical parameters and causing great changes in the river water quality
and became enriched with various pollutants [6]. The evaluation of river water quality in most developing countries has
became a critical issues in recent years and has now reached a point of crisis due to unplanned and fast urbanization,
rapid growth of industrializations, significant land use changes and continuous population increase are among the major
problems and stresses of the river water quality and have been receiving global attention and interest [7]. Many regions
in the world are simultaneously impacted by urbanization processes, industrial and agricultural activities and many cities
in urban areas have been developed without adequate and proper planning, this has led to indiscriminate actions
including dumping of wastes in to the water, washing, and bathing in open surface water bodies. In such areas, the
environmental compartments are affected by pollutants originating from different potential sources. The deteriorating
water quality affects man, animal, and plant life with far reaching consequences. From environmental, economical and
or social point of view, it is important to identify these sources and their contribution to the total contamination of the
area.

In recent years, more attention has been paid to surface water quality, because water quality strongly influences
the multi-usage components of surface water [8] and many studies have shown that surface water quality in a given
region is determined by both natural (weathering processes, erosion, and run-off) and anthropogenic influences
(domestic waste, agricultural waste water and industrial effluent) [9-13]. The aim of this study is to identify the influence
of physicochemical parameters on surface water quality variations at the Kano River for effective river water
management. The novelty of this study is the used of advanced statistical analysis to investigate the sources
apportionment of river water quality and to identify the emerging contaminants. This study has significant in
environmental protection, helps identify pollution sources, support river conservationg.

2. Research Methodology
2.1 Description of the study area

Kano River is part of the complex system of the Kamodugu — Yobe Basin consisting of Hadejia River Basin in
which three principal tributaries of Kano, Challawa and Watari streams joined above Wudil to form what is referred to
as the Hadejia sub watershed of Lake Chad (Fig. 1). The streams are seasonal and have flash flows with flow rising
and falling in response to rainfall occurrences. The high flash flows exceeding 10% of the times are recorded mainly
in July and August in response to rainfall events of 30 mm or more. Such heavy rainfall storms are capable of
generating high flash flows even at the beginning of the hydrological year; this is attributed to the high intensity of storms.
At the beginning of the hydrological year between April and June there is high evaporation and high soil moisture
deficiency. There is high concentration of flow between July and September when about 94% of the annual rainfall and
85 to 90% of the stream flow are recorded. The high flows are mainly recorded during this period due to the more
frequent occurrences of rainfall storms up to 30 mm. The peak discharge is recorded during this period as well. Stream
flow is mainly made up of quick flow component due to higher response of the catchment to rainfall input from the
expanded runoff contributing area.
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Figure 1 Map of the study area (Kano River Basin)

The Upstream of River Kano is underlain by the Basement Complex of Precambrian rocks. The rock types in the
area are older granites, and metasedimentary rocks. The older granites are composed of magmatite, biotite gneiss, and
banded gneiss. The meta-sedimentary rocks result from the weak metamorphism of sedimentary rock. Wind drift
material (a silt wind-blown deposit of the last arid phase) has concealed the pre-arid regolith and its associated
ferruginous soils on the upland plain and old alluvial deposits on the river terraces.

The present climate of the study area is the tropical wet-and-dry type which is characterized by a wet season that
lasts between 4 and 5 months during which 600 to 900 mm of rain occurs, a third in August alone which marks the peak.
Mean annual rainfall recorded at Kano shows that rainfall is highly variable and the rainy season could either start late
or end early or both. The rainfall intensity is high with average during the wet season and is believed to be about 30 to
40 mm while intensities of 80 mm or more are common during rainstorms that mark the onset and end of rains.

2.2. Sampling Technique

Grab water samples were collected at the upper, middle and lower course of a Kano River. Samples were collected
in triplicates at each sampling point every other day in the early hours of and late evening of the day between March
and November, 2014. Fifteen water quality parameters/variables including pH, temperature, salinity, conductivity, total
dissolved solids (TDS), total suspended solids (TSS), turbidity, dissolved oxygen (DO), nitrate and nitrites (NO3+NO3),
total nitrogen (TN), total phosphate (TP), chlorophyll-a, ammonia nitrogen (TAN), soluble reactive phosphorus (SRP)
and Zooplankton density were chosen to represent water quality status in the river profile.

Physical parameters like temperature, pH, TDS, turbidity, dissolved oxygen, conductivity were measured on the
spot at the time of sample collection using portable multiparameter water quality monitoring instruments (DZS-708,
INESA Scientific Instruments CO. Ltd). Calibration of sensors was performed before measurement. Water samples was
collected in 1-1 polyethylene bottle and filtered through 0.45um membrane filter. Samples were stored in insulated
cooler containing ice and transported to the laboratory for analysis. TN was determined using alkaline potassium
persulfate digestion spectrophotometry, TP was determined using ammonium molybdate spectrophotometry. NO2+NO3

in the water sample were determined by phenol disulfonic acid method. Sample of water was collected for the
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determination of Zooplankton density vertically near the bottom surface (0-5 m) with plankton net (25 cm mouth diameter)
and for each station, a small quantity of water (minimum of 30L) was collected at various points using water sampler.

The water was then mixed and filtered through a 60-um plankton net and preserved with formalin (final concentration of
5%). The volume of the samples was calculated based on the depth of each sampling station. The samples were

preserved in 5% formalin. Zooplankton samples collected were sedimented to working volumes ranging from 30-70 ml

depending on the zooplankton densities. A known volume of the sample was placed in a counting chamber and was

allowed to settle.

The samples were identified to the highest taxonomic level possible and counted under an inverted microscope.
Confirmation of the species was accomplished using a compound microscope. Densities were calculated in terms of
the number of zooplankton individuals/m?® of river water. Species diversity index and other related indices (H’ max and
equitability index) were determined using Shannon-Weiner diversity index. The different diversity indices were
calculated using PRIMER (Plymouth Routines in Multivariate Ecological Research). The whole water samples were
also scanned for less abundant taxa. Zooplankton densities were expressed in m= from the knowledge of water filtered
by the net. Water samples were filtered using Whatman GF/C glass fiber filters prior to analyses of TAN, nitrate-nitrite
and SRP. TAN analysis followed that of Nessler's method after preliminary distillation using Kjeltec 2200 Auto Distillation
Unit (FOSS Tecator). Concentration of TAN was determined using a spectrophotometer. NO3-NO2 was analyzed using
cadmium reduction method. For the determination of SRP, the sample was filtered immediately and analysis followed
that of ascorbic acid method and the concentration was determined using a DR 2010 spectrophotometer.

3. Results and Discussion

3.1. Discriminant Analysis (DA)

Discriminant analysis (DA) is a technique for classifying set of observation into predefined classes. The aim of DA
is to determine the class of an observation based on a set of variables based on a set of variables known as predictors
or input variables. The model is built based on a set of observations for which the classes are known. The aim of DA is
to identify the variables that discriminate best between two or more groups. It is use to identify variables or the computed
index to develop a rule to classify future observation into one of several groups.

Discriminant analysis (DA) was applied on the dataset to test the significance of discriminant functions and to
determine the most significance physicochemical parameters associated with differences among the Upper, Middle and
Lower courses of Kano River. Discriminant functions (DFs) and classification matrices obtained from standard and for-
ward and backward stepwise modes of DA and the value of Wilk’s Lambda for each discriminant function and the

corresponding significance values were presented in Table 1 and 2, 3 and 4, respectively. The observation axes of the
grouping variables (upper, middle and lower courses) are presented on Figure 2.

Table 1 Standard mode classification function of discriminant analysis

Variable Lambda F df1 df2 p-value
Temperature 0.974 0.912 2 69 0.407
Turbidity 0.766 10.514 2 69 0.000
TSS 0.672 16.870 2 69 < 0.0001
TDS 0.231 114.739 2 69 < 0.0001
Conductivity 0.230 115.695 2 69 < 0.0001
Salinity 0.219 122.920 2 69 < 0.0001
DO 0.533 30.263 2 69 < 0.0001
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pH 0.657 17.972 2 69 < 0.0001
TAN 0.930 2.603 2 69 0.081
NO2+NO3 0.954 1.676 2 69 0.195
TN 0.845 6.336 2 69 0.003
SRP 0.457 41.009 2 69 < 0.0001
TP 0.796 8.855 2 69 0.000
Chlorophyll-a 0.665 17.345 2 69 < 0.0001
Zooplankton density 0.927 2.702 2 69 0.074
Table 2 Standard mode confusion matrix for cross validation result
From \ to Upper course | Middle course | Lower course Total % correct
Upper course 23 0 1 24 95.83%
Middle course 20 3 24 83.33%
Lower course 0 0 24 24 100.00%
Total 24 20 28 72 93.06%
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Figure 2 Observation axes of the discriminant dependent (grouping) variables

The spatial DA was performed on the raw data set comprising of 14 physicochemical parameters after grouping

into 3 categorical classes of upper, middle and lower courses of the river. The courses of the river were the grouping

variables (dependent) while all the 14 measured parameters constituted the independent variables.

Using the first

approach (standard mode) discriminant function and classification matrices obtained from the standard mode presented
on Table 4 and 5 revealed that, turbidity, TSS, TDS, conductivity, salinity, DO, pH, TN, SRP, TP and chlorophyll-a were
significant and discriminating variables. This means that, these physicochemical parameters account for the most
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expected variation in the Kano River system. The standard mode confusion matrices and cross validation result showed

that 93.06% of cases were correctly assigned.
Table 3 Stepwise forward mode of classification function of discriminant analyses
Variable Lambda F df df2 p-value
Temperature 0.974 0.912 2 69 0.407
Turbidity 2 69
TSS 0.672 16.870 2 69 < 0.0001
TDS 2 69

Conductivity 2 69
Salinity 0.219 122.920 2 69 < 0.0001
DO 2 69
pH 2 69
TAN 2 69
NO2+NO3 0.954 1.676 2 69 0.195
TN 2 69
SRP 0.457 41.009 2 69 < 0.0001
TP 0.796 8.855 2 69 0.000
Chlorophyll-a 0.665 17.345 2 69 < 0.0001
Zooplankton density 2 69
Table 4 Stepwise forward mode confusion matrix for cross validation result
From \ to Upper course | Middle course | Lower course | Total % correct
Upper course 24 0 0 24 100.00%
Middle course 1 21 24 87.50%
Lower course 0 2 22 24 91.67%
Total 25 23 24 72 93.06%

The forward and backward stepwise modes includes five physicochemical parameters in the models yielding 93.06%
correct predictions, these modes showed that TSS, salinity, SRP, TP and chlorophyll-a as the most critical for the spatial
discrimination and gave 93.06% correct cases assignation. This study is consistent with findings of  Papaioannou et
al. [14] in which they used DA to construct the best discriminant functions and to confirm the clusters determined by
cluster analysis. The standard, forward stepwise and modes discriminant functions used seventeen and ten parameters
with classification matrix correctly assigned 96.97% and 96.36% of the cases respectively. This study concluded that,
DA proven to be a useful tool in recognizing the discriminant parameters in spatial variation of portable water quality.
Similarly Juahir et al., [15] studied water quality pattern of seven stations located along Langat River, Malaysia. The
study revealed that using stepwise forward and stepwise backward only six and seven water quality parameters
respectively are statistically significance from twenty three parameters that result in water quality variation in Langat

River.

3.2. Identification of river pollution sources using principal component analysis (PCA)
Principal component analysis (PCA) was used on the raw data to identify the linear combination of
physicochemical parameters and to reveal the sources of water pollution in the. The result of PCA obtained showed that
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the Kaiser Meyer Olkin test (KMO) and Bartlett's sphericity test are 0.771 and 980.5 (df = 68, p<0.05), respectively. The
Bartlett’s test indicated that the physicochemical variables were not orthogonal, but correlated therefore allowing to
explain the data variability with a lesser number of variables [16]. Three principal components (PCs) having eigen values
greater than 1 were extracted. The first three rotated factors with eigen value of 1 or greater than 1 are extracted using
Varimax with Kaiser Normalization explaining 70.1% of the total variance of the data set.

The Principal components (PCs), loadings and variance are presented in Table 5. The highlighted variables have
their absolute values of loading greater than 0.700, they represent the most important information which the
interpretation of factor is based. Liu et al. [17] classified the loadings as: strong, moderate and weak for the absolute
loading values of > 0.75, 0.75—-0.50 and0.50-0.30, respectively.

Table 5 Rotated component matrices showing loading, variance and cumulative variance

Parameters PC1 PC2 PC3

Salinity 0.952 -0.087 0.101

Conductivity 0.946 -0.079 0.157
pH 0.678 -0.017 -0.299
TDS 0.879 -0.227 0.150
Temperature 0.866 0.233 0.123
Turbidity -0.108 0.824 -0.154
TSS 0.278 0.742 -0.077
Transparency 0.126 -0.303 0.072
TAN -0.169 -0.341 0.808
NO2+NO3 -0.283 -0.258 0.722
TN -0.365 0.660 0.718
SRP -0.804 0.111 0.709
TP -0.143 0.622 0.711

Chlorophyll-a -0.269 0.679 -0.180
Eigen Value 5.036 2.514 1.184
Variability % 31.696 24.96 13.458
Cumulative % 31.696 56.657 70.115

Thus, loadings provide a measure of how each variable contributes to each principal component. The loadings
are directly related to the eigen value, as the sum of the squared loadings equals the variance explained by each
principal component. Factor loadings are responsible for correlations between components and selected variables and
those with high loadings make the largest contribution which can be used to track the sources that are responsible for
water quality variations [18]. An eigen value gives a measure of the significance of the factor and the component with
the highest eigen values are the most significance. Eigen values of 1.0 or greater are considered significant [19, 20].
The first principal component (PC1) has the greatest amount of variance (31.6%) and has strong positive loading (>0.70)
on salinity (0.952), conductivity (0.946), TDS (0.879), temperature (0.860) and strong negative loading on SRP (-0.804).
The linear relationship between TDS, salinity and conductivity and zooplankton density, salinity and chlorophyll-a are
shown in Figure 3a and 3b.

172
173
174
175
176
177
178
179
180
181
182
183

184
185
186
187
188
189
190
191
192
193
194


http://www.dapresses.com/

Dialogic STEM Journal,Volume 1, Issue 1,2026, available atwww.dapresses.comFOR PEER REVIEW 8 of 16

This component suggests that PC1 has a common origin from natural processes (Precipitation rate, weathering
processes and soil erosion) occurring in the vicinity of the study area. Various researches conducted revealed that,
conductivity of water is the sum of ionic conductance of all the ionic constitutes and the most expedient to evaluate the
salinity of water is to measure its conductivity. The surface runoff from the expanding urban area appears to be triggered
by aspects of the urbanization process that promote intense transport of particles into the water bodies and raised the
level of TDS, and an increase in the area of agricultural land, when carried out in an uncontrolled way, can also contribute
to the transport of sediments into water bodies.

PC2 explained 24.9% of the variation in the data and represented strong contributions (>0.75) by the variables
turbidity and TSS. This component shows the predominance of variables which are easily influenced by anthropogenic
influence and the component is related to the activities of agriculture as erosion effects occurs during cultivation of soil
and rainfall events from upland areas. This behavior can be related to surface runoff and erosive processes which take

place in urban and rural areas [21].

31 Conductivity
30 _Graphics script reported errors in lgog. - 3 4044
29 I - 3.6e+4
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Figure 3a and 3b (3a) Contour plot showing linear relationship between TDS, salinity and conductivity (3b) Contour
plot showing linear relationship between zooplankton, salinity and chlopyll-a

PC3 explained 13.4% of the total variation of the data and has strong contributions on TAN, NO2+NOs, TN, SRP
and TP. This nutrient factor represents the non-point pollution of the river. Non-point sources of nitrate nitrogen in this
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region mainly contain agricultural runoff, as well as natural decomposition of organic and geologic deposits. Total
phosphorus also ascribes to the runoff from phosphorous fertilizers and soil erosion [21]. Gholikandi et al. [23] reported
that, intensive agricultural activities through application of fertilizers and pesticides have deteriorates surface water
quality. Nitrogen and Phosphorous are indispensable inputs for the sustainability of agriculture; however, nutrient losses
have a number of environmental consequences. Nitrogen and phosphorous can negatively affect the quality of surface
water [24]. Agricultural activities that causes non-point source of pollution include poorly located or managed animal
feeding operations; overgrazing; improper or excessive application of pesticides and fertilizer in agriculture. Pollutants
that result from farming and ranching may include sediments, nutrients, pathogen, pesticides, metals and salts [25]. An
excess of these nutrients in PC3 may lead to diverse problems such as harmful algal blooms, reduced water
transparency, loss of oxygen, taste and odour problems, fish deaths and loss of biodiversity. Nutrient enrichment
seriously degrades aquatic ecosystems, impairing the use of water for drinking, industry, agriculture, recreation and
other purposes.

3.3 Multiple linear regression models
Multiple linear regression (MLR) models using enter method was used on the selected physicochemical

parameters under study. Before running MLR, classical assumptions of the model was checked and based on the
collinearity diagnostic table obtained in Table 6, none of the model dimensions had condition index equal to or above
the threshold value of 30.0, none of tolerance value smaller than 0.10 and VIF statistics are less than 1.0. This
indicated that there is no serious multi-collinearity problem among the predictor variables of the estimated model.
Table 6 Standardized coefficient of the parameters
Standardized Collinearity
Coefficient t Sig. Statistics
Beta Tolerance VIF
(Constant) 2.042 0.046
Temperature -0.037 -0.487 0.628 0.635 1.574
Turbidity 0.168 1.501 0.139 0.284 3.517
TSS 0.047 0.403 0.689 0.261 3.837
TDS 0.035 0.118 0.907 0.212 24.072
Conductivity -0.692 -0.503 0.617 0.312 527.608
Salinity 0.946 0.729 0.469 0.202 470.193
DO -0.224 -2.105 0.040 0.316 3.169
pH -0.058 -0.65 0.518 0.442 2.262
TAN 0.509 4.249 0.000 0.249 4.015
NO2_NO3 0.175 1.534 0.131 0.275 3.631
TN -0.093 -0.752 0.455 0.233 4.29
SRP 0.045 0.307 0.76 0.167 5.971
TP 0.142 1.03 0.308 0.188 5.319
Chlorophyll a 0.455 3.712 0.000 0.238 4.205
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The normal P-P plot of regression standardized residuals of Figure 4 revealed all observed values fall roughly along 238

the normality line indicating that the residuals were from a normally distributed population. 239
240
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Figure 4 The Normal P-P plot of the regression standardized residual 242
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The scatter-plot as depicted in Figure 4 (standardized predicted values against observed values) indicates the 244
relationship between the dependent variables and the predictors was linear and the residual variances were about 245

equal or constant. 246
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A Fourteen-predictor multiple linear regression models were proposed to explain the variation of Zooplankton

abundance in Kano River (Y). Therefore, the equation of the proposed multiple linear regression models are as

follows:

Y (Zooplankton density) = bo + b1(X1) + b2(Xz2) + b3(X3) + bsa (Xa) ....( X14)+ €

Table 7 showed that, the R-squared of 0.800 implies that the predictor variables explain 80% of the

variance/variation in the density and abundance of zooplankton (Y). This is quite a good and respectable result. The

ANOVA table revealed that the F-statistics (F = 14.906) was very large and the corresponding p-value was highly

significant (p = 0.0001) or lower than the alpha value of 0.05. This indicates that the slope of the estimated linear

regression model line is not equal to zero confirming that the research data(selected physicochemical parameters)

fit the proposed multiple linear regression model of the study.

SE of the Change
R R Square | Adj R Square Estimate Statistics
R Square Sig. F
Change F Change Change
.894a 0.800 0.746 0.3657 0.800 14.906 0.000

Table 7 Multiple linear regression model results

As depicted in Table 8, the largest standardized beta coefficient is salinity (0.946). This means that salinity makes

the strongest unique contribution in explaining the dependent variable (zooplankton density) in Kano River profile when

the variance explained by all other predictor variables in the model is controlled for. It explained that one standard

deviation increase in salinity in the river water is followed by 0.946 standard deviation increase in the abundance and

density of zooplankton.

Table 8 Estimates of the coefficient of the model

Unstandardized Standardized
Coefficients Coefficients t Sig. Collinearity Statistics
Std.

B Error Beta Tolerance VIF
(Constant) 4.045 1.981 2.042 0.046
Zooplakton
density 1.27E-06 0 0.482 6.418 0 0.633 1.58
Temperature -0.027 0.055 -0.037 -0.487 0.628 0.635 1.574
Turbidity 0.003 0.002 0.168 1.501 0.139 0.284 3.517
TSS 0 0 0.047 0.403 0.689 0.261 3.837
TDS 0.01 0.086 0.035 0.118 0.907 0.042 24.072
Conductivity 0 0 0.692 -0.503 0.617 0.002 527.608
Salinity 0.222 0.304 0.946 0.729 0.469 0.002 470.193
DO -0.158 0.075 -0.224 -2.105 0.04 0.316 3.169
pH -0.083 0.127 -0.058 -0.65 0.518 0.442 2.262
TAN 0.036 0.008 0.509 4.249 0 0.249 4.015
NO2_NO3 0.002 0.002 0.175 1.534 0.131 0.275 3.631
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TN -0.001 0.001 -0.093 -0.752 0.455 0.233 4.29

SRP 0.002 0.005 0.045 0.307 0.76 0.167 5.971
TP 0.001 0.001 0.142 1.03 0.308 0.188 5.319
Chlorophyll a 0.027 0.007 0.455 3.712 0 0.238 4.205

The standardized beta value for conductivity (0.692) is the second highest, followed by chlorophyll a (0. 455). The

beta value for temperature (-0.037) and dissolved oxygen (-0.224) revealed a negative linear relationship between

predictors and dependent variable, it means one standard deviation increase in temperature and dissolved oxygen is

followed by 0.037 and 0.224 decreases in the abundance and density of zooplankton. Contour plot in figure 6a and 6b

revealed that there is linear relationship between salinity and chlorophyli-a.

Figure 6a Contour plot showing linear relationship between choropyll-a, salinity and zooplankton density
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Fig. 6b Contour plot showing linear relationship between choloropyll-a, conductivity and zooplankton density.

Limitation of the Study: This study has limitation of not including aquatic ecosystem health and synects of multiple
pollutants in a river system are overlooked.

4. Conclusions

In this study, statistical analyses were used to evaluate the spatial variations of physicochemical parameters of
Kano River with a view to investigate the possible sources and to identify the significant parameters towards water
quality variations. Principal component analysis (PCA) revealed surface water quality at Kano River basin was
dominated by three major sources of water pollution: natural processes (precipitation, weathering processes, soil
erosion), with over 30% variability, activities of anthropogenic influence such as cultivation of soil and rainfall events and
non-point source through diffused sources of pollution, having no definite or specific location where discharge into a
body of water. Forward and backward stepwise modes of discriminant analysis (DA) included five physicochemical
parameters (TSS, salinity, TP, SRP and chlorophyll-a) explaining more than 93% of correct prediction. Multiple linear
regression models revealed that the selected physicochemical parameters explained 76.4% of the total variations in the
zooplankton abundance and density in Kano River profile. Effective water quality management requires that the
concentration and effects of pollutants can be assessed accurately. Increased awareness of pollution and its effects has
emphasized the importance of water quality management in maintaining our natural waters in a fit state for various
purposes. The protection of surface water resources in the Kano River Basin is an urgent matter to permit ecologically

sensitive construction and sustainable socio-economic development in the whole of the basin.
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DA Discriminate Analysis

DFs Discriminate Functions
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