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Abstract 
 
Surface water quality is an important factor of human life with great concern nationally and 
internationally. In this study, water samples were taken from 8 sampling locations in triplicate 
(morning, afternoon, evening) with an interval of 200m from each station, samples were taken in dry 
season (January 2020). Twenty water quality parameters were assessed. Quantitative technique was 
used for surface water assessment, determination of the water quality and source identification of 
pollutants in Challawa river. Principal Component Analysis and correlation matrix were applied to 
the dataset. PCA was used to identify the pollution sources of the surface water, six principal 
components (industrial 37.08%, anthropogenic 13.20%, erosion 9.27%, mineralogical composition 
11.15%, metal group 7.08%, soil mining 5.00% were obtained, accounting for a cumulative 81.309% 
variance of the original water quality data. Correlation matrix was used to further explained the 
relationship between parameters under study, where the relationships (r) values from -1 to +1 were 
considered. It is therefore recommended that government should follow various strategies to enforced 
compliance to waste disposal and make sure industries treat their effluents before releasing it into the 
environment. River water should be checked frequently to determine its quality status. 
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INTRODUCTION 
Surface water quality is a very crucial aspect in human life and is of great concern 
worldwide due to its delicate characteristics. Processes such as changes in precipitation, 
surface run off, erosion, weathering constitute the natural process that manipulate its 
quality, so also anthropogenic influences such as sewage, municipal waste, effluents and 
irrigational activities.  Increased use of water resources degrade surface waters in their vast 
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drainage basin and are vulnerable to pollution (Singh et al.,2019). Clean water is a basic 
requirement for human beings, it is essential for better life and good health. Industrial 
activity as a key factor to water pollution make fresh water a necessity in many parts of the 
world, it will become even more limiting due to increased population, urbanization and 
climate change (Mohsin & Sahib, 2013: Jackson et al., 2001). Water quality deterioration due 
to anthropogenic activities are of great concern. The result of water quality deteriorations 
prompted the need to assess and evaluate the quality of surface water especially when 
considering its beneficial purposes such as drinking, industrial and agricultural activities, 
etc. 
 
Worldwide, more people are dying from the impact of contaminated water than from other 
causes including war. Researches have shown  that about 26% of all deaths are as a result of 
contagious diseases caused by pathogenic bacteria (Mohsin & Sahib, 2013),(WHO 2002, 
UNEP GEMS: Water Program 2008). Consequently, this caused many diseases among 
people especially children of younger age. Mohsin & Sahib, (2013):UNICEF and Meta-Meta 
(2009) also identify that biological diseases caused high child mortality rate of 128/ 1000 per 
year. Polluted surface water critically alters the balanced ecosystem which is essential for the 
beneficial interactions of the living things and the environment (Zhao et al., 2012:Iscen et al., 
2008). 
 
Despite efforts made by the government towards improving food and vegetable crops 
production, the problem of anthropogenic activities on water resources is affecting these 
laudable efforts especially in Kano where tannery effluents are discharged into the Challawa 
River which is used for various purposes including irrigation of vegetable crops. Most of the 
tannery industries in Kano are concentrated in Challawa Industrial Estate, the effluents 
generated by the tanneries are channeled into drains and subsequently into the Challawa 
River (Abdullahi et al., 2008). Monitoring and treatment of water in most developing 
countries is given less concern and are mostly within the urban centers neglecting the rural 
populace with contaminated water without considering the reversible implication to the 
environment, thou the cost of treating water is high but less attention is given by 
governments to the quality of water. Industries face challenges with insufficient national 
environmental subsidy/incentive schemes, financial inabilities and inadequacies in technical 
capacity which hinder a lot of tannery industries in developing countries to set up their 
individual treatment plants. Consequently, some industrial estate connects their outlet 
channels to a Common Effluent Treatment Plants (CETPs) to monitor and treat their 
effluents before they discharge it to the environment. In Kano State, some industries have 
installed primary effluent treatment plants while others did not (Nnorom et al.,2019; 
Agunwa 2005). Settlements around Challawa use the contaminated river water for irrigation 
purposes. As a result, trace metals may enter the food chain through irrigated crops thereby 
exposing consumers of these valuable crops to bioaccumulation of trace metals. Reports 
have shown that the communities along the river experience a lot of disasters (extermination 
of fish, distorted plant growth and loss of lives) due to pollution that always contaminate 
their water. 
 
Researches have been conducted in Challawa River trying to assess the quality of the River 
water such as (Emmanuel & Ibrahim, 2017), (Okolo et al., 2017), Ogabiela, (2007) etc. From 
the previous researches in Challawa there is no work done with multivariate statistical tool 
in surface water quality. Multivariate statistical tool have been used worldwide in 
identifying the sources and interpretation of complex water quality data: ( Mustapha et al., 
2011; Hindon et al., 2016; Koki et al., 2017; Singh et al., 2019) Therefore, this study utilize the 
strength of the technique in analyzing and interpreting sources of pollutants, and variability 
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of the water quality so as to enhance decision-making and effective management of water 
resources in Challawa River. 
 
MATERIALS AND METHOD 
 
Study Area 
Challawa River is located within Latitude 11° 52' 41" N and Longitude 08° 28' 09" E with an 
elevation of 515meters above sea level. The River originate from Gorge dam in Challawa 
village and stretches to River Kano that empties into Lake Chad (Akan et al., 2009). The river 
water is therefore being affected by  industrial effluent that meet the river through the 
effluent carrying canal where a large amount of industrial effluent is discharged from 
different industries at different locations.  
Figure 1: Study area map 

 
Source: Modified from administrative map of Kano State 

 

       
Figure 2: Confluence between effluent        Figure 3: Effluent from Industries 
and River water 
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Figure 4: Polluted River water       Figure 5: Effluent and River water 
used for Irrigation 
Sources: Field Survey 2019 

 
Sampling 
A survey for this study was done before sample collection aimed to enable the researcher to 
have background knowledge of the study area. The knowledge of the study area helped the 
researcher in discovering the points of contaminations from industries into the river, 
selection of sampling locations were also decided.  Purposive sampling was used in 
identifying eight sampling locations with a considerable interval of 200m to determine the 
level of dilution. This choice was made in order to determine the level of dilution within the 
river water where in each location samples were collected in triplicate (morning, afternoon 
and evening) to cope with variability within the sampling point. Table 1 shows the sampling 
locations in the study area 
 
Table 1: Sampling locations 

Sampling points Latitude Longitude 

SP1 11°52'43.02012'' 8°28'12.01188'' 

SP2 11°53'23.76636'' 8°28'28.09956'' 

SP3 11°53'23.76636'' 8°28'33.09956'' 

SP4 11°52'38.04708'' 8°28'37.8966'' 

SP5 11°52'35.8356'' 8°28'39.92052'' 

SP6 11°52'34. 38156'' 8°28'41.943'' 

SP7 11°52'3342288'' 8°28'42.8214'' 

SP8 11°52'31.15812'' 8°28'45.24852'' 

Source: Field work 2020 

 
Sampling and Analytical procedures 

The water samples were collected in a plastic container which were rinsed prior to 
collection. Grab sampling technique was used to collect samples from each location. APHA 
(2005) sited that grab sample is used when a sample can represent only the composition of 
its source at the time and place of collection, When the source composition varies in space 
(i.e., from location to location) rather than time, samples should be collected from 
appropriate locations that will meet the objectives of the study. The samples were 
refrigerated at about 4°C for subsequent analysis. As samples may contain particulate or 
organic materials, pretreatment in the form of digestion was done before analysis of heavy 
metals. Nitric acid digestion method is employed, the digested samples were taken for 
heavy metals determination using Micro Plasma Atomic Emission Spectroscopy (MP-AES) 
in the laboratory of Centre for Dryland Agriculture, Bayero University Kano. Analytical 
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procedures of Standard Methods for the Examinations of Water and Wastewaters by APHA 
(2012) was followed for the analysis. Samples were analyzed as early as possible in the 
laboratory. A quality control procedure was maintained, including calibration of 
instruments. Reagents were prepared as recommended by APHA Standard Methods (2012).  
 
Statistical analysis 
Descriptive statistics were calculated using Microsoft - Excel 2016, the data was then 
subjected to Principal component and Pearson moment correlation coefficient using IBM 
SPSS Statistics V20 Software.  Principal component analysis (PCA) maximizes the variance 
from linear combinations of the original variables (Rencher, 2002). The first principal 
component is the linear combination of the variables that explains the most variance; the 
second principal component will be the linear combination of the variables that explains the 
most variance statistically independent from the first component; and so on. Eigenvalues 
explains the variance by each principal component while loadings correspond to the 
correlation between the original variables of each of the principal components. Scores from 
the analysis are essentially the values of the components for each case. 
 
RESULTS AND DISCUSSION 
The sources of the pollutants responsible for the water quality variations in the River were 
identified using Principal Component Analysis (PCA). The results of Kaiser Mayer Olkin 
test and Bartlett’s test of sphericity was applied on the data set to show the sampling 
adequacy.  The result obtained was 0.510, a similar trend was identified by Kumar (2017). 
Bartlett’s test of spherecy <0.005 indicate the suitability of the data for PCA while KMO 
result greater than 0.5 implies that it is satisfactory to apply PCA with successful reduction 
of dataset (Mustapha et al.,2011;Belkhiri et al., 2010;Hindon et al., 2016) hence factor analysis 
could be able to reduce the data dimensionality with minimal loss of information.  

Scree Plot 
Figure 6 shows scree plot graph which explain the eigen value against each factor. Six (6) 
factors were retained and others were drop due to their insignificance in the data. As shown 
in figure 6 eigen values greater than one were retained out of 16 components. This explains 
the most significant variables that are responsible for the deterioration of the water 
resources, explaining about 81.3% of the total variance.  Figure 6 shows the Rotated 
components of various sources of pollution. 
 
Figure 6:  Scree plot of Eigen values 

 
Source: IBM SPSS Statistics 20 Software 
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Source identification using Principal Component Analysis 
Table 2 shows the factor loading of rotated component matrix. In this study, eigenvalues 
greater than 1 were extracted from the PCs, FA were obtained with eigenvalues > 1 (Kaiser 
Normalization) accounting for 81.309% variance of the original water quality data. The 
variables with eigenvalues lower than 1, were removed due to their low significance (Low et 
al., 2016; Mustapha et al., 2011).  Factor Analysis is applied as a method to interpret a large 
complex data matrix which provide a way in finding out similarities among variables or 
samples, Monitoring et al., (2017); Mustapha, (2013); Reghunath et al., (2002).  
 
Table 2. Factor Loading of Rotated Component Matrix 
Parameters  VF1 VF2 VF3 VF4 VF5 VF6 

K+ 0.89 0.05 0.29 0.14 -0.00 0.06 

Cr 0.88 -0.20 0.09 0.11 0.09 -0.00 

COD 0.87 -0.06 0.24 -0.01 0.01 0.16 

Cu 0.85 -0.11 0.03 0 0.30 0.11 

TSS 0.81 0.02 -0.11 0.39 -0.02 -0.08 

Na 0.67 0.25 0.19 0.45 0.09 0.04 

TDS 0.61 -0.27 -0.02 0.34 0.01 -0.41 

EC 0.54 -0.09 0.32 -0.29 0.49 0.24 

Cd -0.49 -0.08 -0.34 -0.48 -0.02 -0.05 

NO3 0.05 0.83 -0.14 -0.09 0.05 -0.24 

BOD5 -0.44 0.74 -0.14 0.20 -0.07 -0.12 

DO -0.20 0.67 -0.21 -0.04 -0.52 0.04 

NO2 0.32 0.61 0.19 -0.31 0.39 0.11 

Mg2+ 0.12 -0.07 0.94 0.09 -0.01 0.06 

Ca2+ 0.18 -0.17 0.92 0.08 -0.07 0.01 

Ph 0.07 -0.04 -0.00 0.86 0.13 0.11 

NH4 0.41 -0.21 0.24 0.69 -0.20 -0.02 

Fe -0.05 -0.05 -0.25 0.02 0.89 0.10 

Temperature 0.39 0.26 0.13 0.42 0.65 -0.25 

Pb 0.16 -0.25 0.07 0.14 0.06 0.86 

Eigen value 7.41 2.64 2.23 1.85 1.41 1.00 

Variance% 37.08% 13.20% 11.15% 9.27% 7.08% 5.00% 

Cumulative% 37.08% 50.29% 61.44% 70.71% 77.80% 82.80% 

Source: IBM SPSS Statistics 20 Software 

 
The rotated component matrix represents the rotated factor loadings, which are the 
correlations between the variables and the factors. The Varimax factor column represents the 
rotated factors that have been extracted out of the total factor. These are the core factors, 
which have been used as the final factor after data reduction. According to the grouping of 
the factors, each group of factors is named which will represent the grouped factor and 
represent the factors. 
 
The VF coefficients having a factor loading greater than 0.75 are considered as “strong”; 
0.75–0.50, as “moderate”; and 0.50–0.30, as “weak” significant factor loadings (Liu et al., 
2003). 
 
VF1 explains the industrial pollution in the River water, it shows a strong loading on K+ 
(0.89) Cr, (0.88) COD (0.87), Cu (0.85), TSS (0.81), Na (0.67), TDS(0.61). Moderate loadings 
was found on EC (0.54), which reveals pollution from industrial effluents to Challawa River, 
concentration of such metals in River water is a determinants of wastes from tannery and 
textiles industries, this account for 37.08 % variance of the pollution sources of the River.  
The direct dumping of waste and the discharge of sewage effluent into the River have been 
identified as the main contributing factor  termed industrial pollution (Mustapha & Abdu, 
2012). 
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VF2 account for 13.20% of the total variance in the data set with a strong positive loading on 
NO3 (0.83), and a moderate positive loading on BOD5 (0.74), DO (0.67) and NO2 (0.61) are 
identified. This explained the highly induced anthropogenic activities such as biodegradable 
organic pollutants, fertilizer applications (Mustapha & Abdu, 2012). DO and BOD5 are used 
to state the pollution status of aquatic system. The concentration of DO in water always is a 
reliable factor to indicate the pollution state of aquatic system ( Voznaya, 1983; Mishra, 
2010). High loading on organic compounds in the water body indicates that the river is 
heavily polluted with both oxidizable organic and inorganic pollutants. DO may be 
consumed by the bioxidation of nitrogenous materials in water; the continual depletion of 
DO in surface water can encourage microbial depletion. This pollution may be due to the 
agricultural activities taking place in the study area. 
 
VF3 explain the mineralogical composition of the Challawa River which originate from the 
parent rocks in the area as a result of weathering and erosion, it accounts for 11.15% 
variance with high moderate loadings on Ca (0.94) and Mg+ (0.92), presence of limestone in 
the area account for the high concentration,  (Belkhiri et al., 2010 ; Badmus & Ojekunle, 2018). 
The geological processes of a  River is due to carbonate, dolomitic and evaporate minerals 
(Belkhiri et al., 2010) high levels of this minerals affect the level of water hardness (Napacho 
and Manyele 2010). Study by Mustapha et al. (2014) have shown that surface water quality is 
a product of several natural factors that triggers extraction of mineral component from an 
existing material. Researches have also shown that the weathering and dissolution of rocks 
may be associated with the release of Ca2+ and Mg+ (Koki et al., 2017).  
 
VF4 shows strong positive loading on pH (0.86) and NH3+ which accounts for 9.27% 
variance. High concentration of pH denotes the presence of alkaline that originates from 
erosion of River banks and weathering of existing parent materials rich in carbonates and 
bicarbonates limestone rocks (Gorde & Jadhav, 2013). The presence of alkaline encourages 
the growth of algae and changes the water appearance to a greener colour (MPCA 2007; 
Kumar et al. 2010). 
 
VF5 has a strong positive loading on Fe (0.89) and temperature (0.65) and a negative 
moderate loading on DO (-0.52) which accounts for 7.08% variance. Concentration of Fe in 
surface waters may be attributed to rust formation on plumbing fixtures, laundry and metals 
from industries The presence of Fe basically represents the metal group originating from 
pipelines and industries. Temperature impacts many parameters that are critical to pipe 
corrosion including biological activity, physical properties of the solution and 
thermodynamic (McNeill et al., 2002) 
 
VF6 explains 5.00% of the total variance in the data with a moderate positive loading for Pb 
(0.645), this explained the soil mining that is taking place in the River water. Lead is 
dispersed throughout the environment primarily as the result of anthropogenic activities. 
Lead is mostly found in the soil and sediment and later sink into the River water (Latif  et al., 
2015). Pb is strongly adsorbed and retained in the upper layers of soil and does not leach 
appreciably into the subsoil and groundwater, therefore Pb concentration may be attributed 
to the soil mining taking place in Challawa River.  

The Inter-Relationship between Parameters  
Pearson product moment correlation was applied to identify the interrelationship between 
physiochemical parameters. The result is presented on Table 4. The values of relationship 
takes ranges between −1 to +1, where +1 represents an absolute perfect positive linear 
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Parametes T pH EC TDS Ca
2+

K
+

Mg
+

NO3 NO2 DO BOD5 TSS COD Cd Cu Pb Cr Na Fe NH4

T 1

pH 0.40* 1

EC 0.39 -0.04 1

TDS 0.35 0.3 0.09 1

Ca
2+

0.08 0.13 0.35 0.21 1

K
+

0.45* 0.27 0.58** 0.55** 0.43* 1

Mg 0.12 0.12 0.38 0.11 0.90** 0.41* 1

NO3 0.23 -0.06 -0.13 -0.04 -0.25 0.01 -0.16 1

NO2 0.39 -0.21 0.35 -0.06 0.1 0.37 0.1 0.51* 1

DO -0.34 -0.09 -0.38 -0.35 -0.27 -0.23 -0.26 0.49* 0.02 1

BOD5 0.04 0.03 -0.43 -0.32 -0.35 -0.38 -0.18 0.53** 0.09 0.70** 1

TSS 0.41* 0.44* 0.25 0.72** 0.12 0.76** 0.07 0.09 0.12 -0.15 -0.22 1

COD 0.35 0.1 0.65** 0.50* 0.42* 0.88** 0.33 -0.12 0.3 -0.24 -0.51 0.67** 1

Cd -.43* -0.25 -0.15 -0.43 0-.43* -0.51 -0.4 0.1 -0.12 0.14 0.07 -0.54 -0.5 1

Cu 0.44* 0.12 0.63** 0.45* 0.18 0.75** 0.18 -0.07 0.31 -.41* -0.45 0.64** 0.71** -.47* 1

Pb -0.11 0.21 0.27 0 0.17 0.21 0.2 -0.33 0.03 -0.33 -0.3 0.12 0.3 -0.2 0.25 1

Cr 0.41* 0.16 0.59** 0.56** 0.28 0.77** 0.25 -0.12 0.09 -0.37 -0.5 0.70** 0.72** -0.54 0.89** 0.19 1

Na 0.71** 0.32 0.32 0.34 0.22 0.67** 0.22 0.12 0.29 -0.16 -0.1 0.61** 0.59** -0.67 0.54** 0.15 0.65** 1

Fe .40* 0.15 0.35 0.02 -0.23 -0.14 -0.22 0 0.23 -0.33 0 0 -0.04 0 0.25 0.12 0.02 -0.12 1

NH4 0.33 0.58** 0.02 0.46* 0.39 0.54** 0.32 -0.28 -0.17 -0.22 -0.25 0.50* .41* -.49* 0.34 0.16 0.51* 0.61** -0.27 1

* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).

relationship, 0 represents no linear relationship, whereas −1 represents an absolute inverse 
relationship between the bivariate (Mustapha et al., 2011). 
 
Table 3 shows the correlation matrix of the studied physio-chemical parameters a  

Source: IBM SPSS Statistics V20 Software. 

 
The Pearson correlation coefficients are shown in Table 3. The inter relationships between 
parameter support the results obtained from the PCA, and the correlation matrix was useful 
in revealing more associations of the parameters that were not properly stated in the PCA 
(Mustapha et al.,2019).  The correlation matrix shows association among some variables 
which reveals the common sources or origin of some parameters. There was strong 
correlation between Electric Conductivity(EC) and Potassium(K+), (r =0.55), Chromium(Cr), 
(r =0.77), Cadmium(Cd), (r =0.94), Copper(Cu), Total Suspended Solids(TSS), (r =0.76), and 
Chemical Oxygen Demand (COD), (r =0.88). This reveal the influence of effluents waste 
water from industries, this can be termed as industrial pollution, COD is related to the 
discharge of municipal and industrial waste. The positive linear relationship between the 
metals result indicate that this metals originate from the same sources (Hani and Pazira, 
2011). Heavy metal originates from chemical plants of industries such as (Tanning, Textiles, 
Bottling company and Food processing etc and later be released to Challawa River.  
 
Also, Significant positive correlation has been identified between Calcium (Ca+) and 
Magnesium (Mg+), (r =0.90), the area is made up of limestone hills which account for high 
concentration. It suggests that the parameters highly contribute to the hardness of water in 
the study area. Total hardness reveals influence of soil leaching and erosion. Dissolution of 
limestone and gypsum soils in the river catchments which are the major sources of minerals 
in the water, a similar relationship is reported by Badmus & Ojekunle, (2018).  Mustapha et 
al.,(2014) have shown that surface water quality is a product of several natural factors. 
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Moderate correlation was found between DO and BOD5 (r =0.70). DO content is an essential 
parameter that maintains the equilibrium of aquatic ecosystems, it is commonly used to 
assess the water resource quality The higher the Oxygen demand by the organisms the 
lower the free oxygen drops in the water, DO is the amount of oxygen in the water. Low 
level of oxygen is mostly due to removal of free oxygen through respiration by bacteria and 
other animals, this are due to oxygen demand for decomposition of organic matter, Barakat 
et al.,(2016) Qadir et al., (2002); Sanchez et al., (2006). Therefore, DO and BOD can be used to 
measure the water chemistry of a River, their disturbance in this biological system & 
ecological system may affect health of animals and other aquatic life. BOD is indicative of 
organic pollution load on the stream which can be attributed to the anthropogenic sources 
from wastes in the effluent, from food processing plants i.e organic compounds and some 
lost products. The presence of Nitrate and Nitrite are due to agricultural runoff such as 
livestock waste and fertilizers (Buck et al., 2003), moderate positive loading on NO2- and NO3 

(r=0.51) are possibly due to agricultural runoff because nitrogen and potassium fertilizers 
are commonly used. 
  
CONCLUSION 
Multivariate statistical tool was used to assess the spatial variations of surface river water 
quality Challawa River. Multivariate statistics was successfully applied such as PCA and FA 
to find out the sources of pollution, PCA is used to interpret complex water quality data 
with minimal loss of data. The result identified six components responsible for 
contamination of the water resources such as (industrial pollution, anthropogenic, erosion, 
mineralogical composition, metal group, soil mining) VF1 account for 37.08%, VF2: 13.20%, 
VF3: 11.15%, VF4: 9.27%, VF5: 7.08%, VF6: 5.00% accounting for a cumulative variance of 
81.309%. The inter-relationship between parameters were also recorded to determine the 
exact source of contamination to the water resource. Thus, this study illustrates the of 
multivariate techniques for the analysis and interpretation of complex data, water quality 
assessment, identification of pollution sources, and investigating spatial variations of water 
quality as an effort toward a more effective river basin management. 
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