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Abstract: This study investigated the spatial variability of surface water quality parameters in River 
Getsi, Kano, Nigeria. Two hundred and forty water samples were collected from eight different 
sampling sites. Fifteen physico-chemical and biological parameters namely: pH, electrical 
conductivity, turbidity, hardness, total dissolve solids, dissolve solids, dissolve oxygen, biochemical 
oxygen demand, chemical oxygen demand, mercury, lead, chromium, cadmium, iron and nickel were 
analyzed. Principal component analysis and factor analysis (PCA/FA) were applied on the data set to 
investigate the origin of the water pollution sources. PCA/FA yielded five PCs with 81.8% total 
variance, in addition PCA/FA identify anthropogenic factor (i.e. industrial, urban sewage and 
agricultural) and natural factor (soil erosion, weathering) as latent pollution sources. This work is 
believe to serve as a baseline data for further studies in Getsi River as well as to inform decision 
makers on the possible sources of pollution in the study area. 
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INTRODUCTION 
 

Urbanization and industrial development in the developing countries during the last decade have provoked 
some serious concern for the environment (Reza and Singh, 2010). Human activities such as intensive 
agriculture, urbanization and industrialization contribute to river water deterioration (Cachada et al., 2011). 
Surface water quality in a river is a matter of serious concern. Rivers due to their role in carrying-off the 
domestic and industrial wastewater and run-off from agricultural land in their vast drainage basin are among the 
most vulnerable water bodies to pollution (Singh et al., 2005). 

A river system comprising both the main courses and the tributaries, carrying the one-way of a significant 
load of matter both natural and anthropogenic sources (Shrestha and Kazama, 2007). Rivers are heterogeneous 
at different spatial scale which may be attributed to a number of factors including anthropogenic input, biomass 
characteristic, soil erosion, weathering of crustal minerals, local environmental conditions, water discharge, 
water velocity and degree of surface water chemistry (Qadir et al., 2007; Singh et al., 2004). River flow is 
highly variable with respect to climatic condition and drainage pattern (Sharma et al., 2008).  

Kano metropolitan is located between Latitude 12◦ 30� N and Longitude 8 � 30�, is the largest and most 
populous city in Nigeria. The population of the metropolitan is estimated at over ten million during the 2006 
national population census (Dan azumi and Bichi, 2010). It is the commercial nerve center of northern Nigeria. 
The climate of the region is tropical dry-and-wet type, the seasonal migration of the Inter- Tropical 
Discontinuity (ITD), gives rise to two seasons, one dry and the other wet. The wet season lasts from June to 
September, although May is sometimes humid. The dry season extends properly from mid-October of one 
calendar year to mid-May of the next. The annual mean rainfall in the region is between 800mm and 
900mm.Variation about the mean value is up to +30 or -30 per cent. More than 300mm of the rainfall is 
received in August alone, while the truly wet season lasts from June to September. In addition, the mean 
monthly temperature is 21� C and 23� C with diurnal range of 12� -14� C (Lynch et al.,  2000). 

Getsi River is a tributary of Jakara River, it join the later and flows north east direction almost across Kano 
metropolitan. The basin being together with its tributaries serve as the main water source of this region with 
more than five million inhabitants (Lynch et al.,  2000). 

The study is aimed to identify the natural and anthropogenic factors controlling the variation of Getsi River 
water quality using principal component analysis and factor analysis (PCA/FA). 
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MATERIALS AND METHOD 
 
Water Sampling and Analytical Procedures: 

Thirty water samples were collected from eight randomly selected sites, making the total number of 240 
samples along river Getsi at approximately the same sampling locations during the dry season in the year 2011, 
when there were no natural inputs in to the river. Every collected sample was kept in a plastic bottle clearly 
marked and labeled with references to the sampling points. Similarly, to eliminate differences in the water 
quality that could arise due to variation in the timing, all the samples were collected during the same period of 
the day. Fifteen physio-chemical and biological parameters were selected for analysis, which represent the 
quality of the river water. A detailed reconnaissance of the study area was conducted to ascertain the sampling 
sites. Survey was made by tracing the Getsi River up to where it joins Jakara River system. During the survey, 
all sites where waste water are discharge into the river were noted and sampling stations designed as SB01 to 
SB08 were established. 

SB01 is located at the upstream, this sampling site is located close to foam, rubber and rubber products 
industries, SB02 is located close to metal processing and fabricating industies, SB03 is located around leather 
and tanning industry, SB04  closely located to food,  beverage and vegetable oil , SB05 paper, paper products 
and stationaries mills. SB06 soap, perfume, toiletries and cosmetics, SB07 Glass and steel industries, and SB08 
is located around sweet and confectionery and also textile, weaving, knitting and spinning industries. 

The samples were filtered through Whatman filter paper number 1 and it was preserved at about 5º C. All 
samples were determined according to American Public Health Association Standard Method for Water and 
Wastewater Analysis (APHA 1998). Electrical conductivity, pH and dissolved oxygen of water samples were 
measured in the field immediately after collection of the samples using pH, conductivity and DO meter 
respectively. Biological oxygen demand (BOD) was determined by conventional methods, a sample of the 
solution was placed into a 500 ml BOD black bottle and was filled to the marked with previously prepared 
dilution water, turbidity was measured using turbidity meter (Clesceri et al., 1998), total solids were determined 
using the gravimetry method.  The total metals concentration of chromium (Cr), cadmium (Cd), lead (Pb), iron 
(Fe), Mercury (Hg), and nickel (Ni)in the filtered and digested samples were determine using flame Atomic 
Absorption spectrophotometry (AAS). 

 
Principal Component Analysis/Factor Analysis: 

Principal component analysis (PCA/FA) is very powerful technique which provides information on the 
meaningful parameters which describe the whole data set rendering data reduction with minimum loss of 
information (Singh et al. 2004) PCA/FA is a quantification of the significance of variables that explain the 
observed grouping and patterns of the inherit properties of the individual objects (Kowalkowski et al. 2006) 
PCA/FA allow the explaining of related parameters by only one factor (Boyacioglu and Boyacioglu, 2006, 
Kowalkowski et al.2006, Singh et al. 2004). PCA expose the important factor responsible for variation in river 
water quality and eventually leads to sources identification of river water pollution. PCA/FA can be expressed 
using the equation below: 
 

...........................................................2 amxmjjaaijxijzij           (1) 

 
Where z component score, a is the component loading, x is measured value of variable, i is the component 

number, j is the sample number and m is the total number of variables. 
In this study, PCA/FA was applied to extract the most significance PC’s and to reduce the contribution of 

less significant variables to simplify even more of the data structure coming from PCA/FA. The PC’s obtained 
were further subjected to varimax rotation according to well established rules to maximize differences between 
the variables and facilitate easy interpretation of the data (Shrestha and Kazama, 2007, Singh et al. 2004, & 
2005). The rotating axis defined by PCA/FA generates varimax factor (VF) through factor analysis which can 
further reduce the contribution of variable with minor significance. Factor analysis can be expressed using the 
equation below: 
 

.................................................2211 eijfjmzimzifjzifjyji         (2) 

 
Where y is the measured variable, f is the factor loading, z is the factor score, e is the residual term 

accounting for errors or other source of variation, I is the sample number and m is the total number of factors 
(Tinsley and brown, 2000). 
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RESULT AND DISCUSSION 
 
Water Pollution Sources Identification: 

Before PCA/FA analysis, the Kaiser Meyer Olkin test (KMO) and Bartlett’s test were performed on the 
data set. The KMO result was 0.687 and the Bartlett sphericity test was significant (.0001, p <0.01), showing 
that PCA/FA could be considered appropriate and useful to provide significant reduction in data dimensionality 
(Hucheon and Sofroniov, 1999). PCA/FA was applied on the data set to identify the spatial sources of pollution 
in Getsi River. According to Eigen value criterion, only PC’s with Eigen value greater than one are considered 
essential and important. Additional factors provide marginally less explanatory capability and were not 
examined further. According to the Kaiser criterion, only the first five factor groups could be used, because 
subsequent Eigen values are less than 1, the Scree plots is presented in figure 1.  Five PC’s were obtained with 
Eigen value greater than one with total variance of 81.8%, these are considered responsible for the variation in 
the Getsi River system. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Scree plots for principal component analysis. 
 

Table 1 present the PCA of the 15 physio-chemical and biological parameters  which constituted five PCs 
explaining about 81.8% of the total variance. 

Liu, (2003) classified the factor loading as ‘strong’, ‘moderatate’ and week corresponding to absolute 
loading of  >0.75, 0.75-0.50 and 0.50-0.30, respectively. 
 
Table 1: Scree plot for principal component analysis. 

VF1 VF2 VF3 VF4 VF5 
Cd (mg L-1) 0.94 0.07 -0.09 0.19 0.09 
Cr (mg L-1) 0.93 0.10 -0.04 0.18 0.07 
Pb ( mg L-1) 0.92 0.06 -0.10 0.30 0.04 
Hg (mg L-1) 0.86 0.06 -0.11 0.17 -0.20 
Fe (mg L-1) 0.82 0.07 0.21 -0.20  0.03 
EC (µs/cm) -0.66 -0.01 0.09 -0.05 -0.25 
DO (mg L-1) -0.06 0.89 0.01 0.03 -0.07 
COD (mg L-1) 0.08 0.80 0.03 0.28 -0.14 
BOD (mg L-1) 0.48 0.68 0.14 -0.31  0.25 
Dissolve solids (mg L-1) -0.09 0.20 0.90 -0.05 -0.17 
Total solids (mg L-1) 0.11 0.08 0.84 0.03 0.05 
pH -0.28 -0.39 0.67 0.02 0.09 
Turbidity (NTU) 0.14 0.01 0.13 0.81 0.33 
Ni (mg L-1) 0.39 0.24 -0.17 0.79 -0.22 
Hardness (mg L-1) 0.11 -0.10 -0.05 0.10 0.94 
Eigen value 5.53 2.21 1.96 1.42 1.13 
% Variance 36.91 14.79 13.06 9.49 7.57 
Cumulative variance 36.9 51.7 64.7 74.2 81.8 
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VF1, explaining 36.9% of the total variance, has strong positive loading on heavy metals Cd, Cr, Pb, Hg 
and Fe. The positive linear relationship between the metals was presented in Figure 2a, 2b, 2c and 2d. This 
result indicated that these metals originate from the same sources such as lithogenic process (Hani and Pazira, 
2011). Heavy metal originates from chemical plants and is associated with traffic and other diffuse sources 
(Mendiguchia, et al., 2004). The high loading of these metals may be related to wastewater and industrial fumes 
as shown by several previous studies (Wisma, et al., 2010; Hani and Pazira, 2009, Lohani et al., 2008, Phiri et 
al., 2005). 

 
 

 
 
 
 
 
 
 
 
 
 
Fig. 2a: Scatter gram Hg (mg L) and Cr (mg L). 

 
 

 
 
 
 
 
 
 
 
 
 
Fig. 2b: Scatter gram Cd (mg L) and Pb (mg L). 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 2c: Scatter gram Pb (mg L) and Fe (mg L). 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2d: Scatter gram Hg (mg L) and Fe (mg L). 
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This cannot be surprise that the study area is surrounded by various categories of wet industries ranging 
from leather and tanning, metal, glass to cosmetic industries among others which they use these compound in 
their production.This finding agrees well with the a report from local environmental agency which states that 
majority of industries located in that area belongs to wet industries. As heavy metals are no decomposed 
biologically, level of these metal beyond the recommended limit, may cause long term health related problems 
to people and communities using the water (Danazumi and Bichi, 2010). 

VF2 explains about 14.8% of total variance, has strong positive loading scores on DO, BOD5 and COD. 
Many of the wastes in the effluent from food processing plants are organic compounds and some lost products, 
as these substance undergo oxidation, they combine with some of the oxygen dissolved in the water. 

VF3 explain 13% of the total variance and has strong loading score on DS and TS. This basically represent 
the solids group, the clustering of TDS and DS point out a common source of river water variation according to 
this factor is natural processes (Precipitation rate, weathering processes and soil erosion) occurring in the 
vicinity of the study are (Singh et al., 2004). The factor represents erosion from upland areas during rainfall 
(Shrestha and Kazama, 2007). 

VF4 explain 9.5% of the total variance and has strong loading on turbidity and nickel. Turbidity of the 
water could have been occurring as a result of suspended clay, silt and fine divided colloidal matter (Juahir et 
al., 2011). This verifies that anthropogenic activities are surrounding the study area.  

VF5 have strong positive loading of hardness and is explaining 7.6% of the total variance. Hardness in 
water is a measure of the capacity of water to precipitate soap, chiefly due to presence of calcium and 
magnesium ions in the water (Clesceri et al., 1998). This can be supported because, there are number of soap, 
perfume, toiletries and cosmetic industries around sampling site SB06, which could have resulted in the 
hardness of the river water. 
 
Conclusions: 

Principal component analysis and factor analysis (PCA/FA) was sucessfully applied to identify the sources 
of  pollution in Gesti River, Kano, Nigeria. The result reveal that among the variables studied heavy metals Cd, 
Cr, Pb, Hg and Fe are statistically the most significant parameters that bring variation in water quality in the 
area.The contribution of anthropogenic activities through discharge of industrial effluent into the river is clearly 
identified by PCA/FA. To restore the ecological stability and aesthethic quality of Getsi River, there is need to 
empowered local environmental agency to enforce regular complience to the standard guidelines to the various 
undustries located around the area. 
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