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ABSTRACT: The assessment of water pollution in the 

natural environment is feasible by means of statistical 

modelling. However, the reliability of results of statistical 

analysis is largely dependent on the quality of the 

collected data and efficiency of model calibration. Water 

is an essential ingredient to healthy living but has become 

a major threat due to physical and chemical factors 

associated to it. This work presents studies of 

measurement of water pollution in Eleyele reservoir. A 

single factor model is applied to study the hypothetical 

correlation between the water pollution and physical and 

chemical factors, which showed that ALK, CA, TH, Ch 

and DO were significantly and hypothetically related to 

water pollution. The path diagram of water quality 

parameters provided in Figure 1 contained the means and 

error variances to explain the variability of water quality 

depending on the source of origin of PCF and depth of the 

Eleyele reservoir. The coefficients obtained in ALK and 

TH indicated high constituent concentration to water 

pollution while the results in Table 1 revealed the failure 

thresholds of PCF against the standard specification 

limits. Findings in Table 2 showed that ALK, CA, TH, Ch 

and DO were significantly and hypothetically related to 

water pollution. This consequently implies that these five 

Chemical parameters are important in explaining variation 

in water pollution in Eleyele reservoir. It is evident from 

the study that pollution in Eleyele reservoir is due to 

domestic activities around it. This work has contributed to 

the literature differently using A single factor model. 

KEYWORDS: Hypothetical correlation, Physical and 

chemical factor, Single factor model, Water pollution. 

 

1. INTRODUCTION 

 

About 2 million tons of sewage and industrial as 

well as agricultural waste are discharged into the 

world’s water ([UN03]), the equivalent of the weight 

of the entire human population of 6.8 billion people. 

The quality of water from the reservoir has a 

considerable importance for the reason that these 

water resources are generally used for multiple 

purposes such as: drinking domestic and residential 

water supplies, agriculture (irrigation), hydroelectric 

power plants, transportation and infrastructure, 

tourism, recreation, and other human or economic 

related ways of using water ([V+14]). Water quality 

is the result of several interrelated parameters with a 

local and temporal variation which are influenced by 

the flow rate of water during the year ([MUH10]). 

Water pollution is a major problem of environmental 

concern due to rapid growth in the population of 

people that over exploit and pollute the water 

resources ([OC18]) and this has been accompanied 

by a precipitous increase in urbanization, industrial 

and agricultural land use. The deterioration of water 

quality in Eleyele reservoir has rapidly increased in 

the recent time and the demand for quality water has 

always been on the increase to satisfy the needs of 

the people in Oyo State and its environs. This has 

entailed a tremendous increase in discharge of a 

wide diversity of pollutants to receiving water 

bodies and has caused undesirable effects on the 

different components of the aquatic environment and 

on fisheries ([Tol82]). Olanrewaju et al. ([OAK17]) 

reported the sources of water pollution as domestic 

waste, industrial waste, agricultural runs off and 

poor fishing activities. Osuolale et al. ([OYA14]) 

quoted G.E.P. Box to have said that “all models are 

wrong but some are useful” whereas many methods 

and models still exist. Several studies have been 

conducted using different statistical techniques. 

These techniques include principal component 

analysis, analysis of variance, cluster analysis, 

discriminant analysis, factor analysis and multiple 

regression analysis among other known techniques 

in modelling, analysing and interpreting water 

pollution level. Mustapha and Abdu ([MA12]) used 

principal component and multiple regression 

analyses to assess the surface water quality in Jakara 

basin, Gajbhiye et al. ([GSA15]) used principal 

component analysis for interpreting and grouping of 

water quality parameters in Jabalpur city using Moti 

Nala and Urdana Nala water samples. Kolawole et 

al. ([K+11]) on Asa river, Obisesan et al. ([OLA13]) 

on Eleyele and Asejire in Oyo state, Basu and 

Lokesh ([BL14]) employed a multiple regression 

analysis and multivariate analysis of variance on 

Srirangapatna. Other studies were done by Awoyemi 

et al. ([AAO14]) who used analysis of variance on 

Majidun-Ilaje area of Ikorodu, Lagos state, Obisesan 

and Christopher ([OC18]) who assessed and 

analysed the variables that contributes to water 

pollution with the application of principal 
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component analysis, generalized linear model to 

measure the level of turbidity of water resources and 

study the impact of the concerned variables on 

leading case of water pollution on Eleyele and 

Asejire reservoirs and Majerek et al. ([M+19]) used 

multiple linear regression and cluster analyses to 

study the concentration of pollutants measured in the 

treated sanitary wastewater discharged to the 

Bystrzyca river from municipal wastewater 

treatment plant, and their concentrations measured 

directly in the river, above and below the location of 

discharge point. This work presents studies of 

measurement of water pollution in Eleyele reservoir 

using a single factor model to determine the 

hypothetical correlation between the water pollution 

and physical and chemical factors. 

 

2. MATERIAL AND METHODS 
 

Samples for Physical and Chemical factors were 

collected from Eleyele reservoir located in Ibadan at 

irregular time interval and un-periodically with the 

support of Oyo State Water Corporation, Nigeria. 

The predominant activities in Eleyele reservoir are 

mainly fishery, water supply and other household 

activities. The Physical- chemical factors  in the 

study include Appearance (APP), Colour (COL), 

Total Hadrness (TH), Taste and Test Odour (TTO), 

Turbity (TUR), Silica (SI), Calcium Hardness (CH), 

Mangenesium ion (MI), Calcium ion (CA), Chloride 

(CCH), Dissolved Oxygen (DO) and PH. Single 

Factor Measurement Model (SFMM) deals with the 

water pollution and its related physical and chemical 

factors. It sufficiently maps physical and chemical 

factors onto water pollution. In order to address the 

problem of water pollution as latent variable, the 

physical and water quality parameters were 

estimated. The SFMM is popularly used to define 

causal relationship between water quality variable 

and water pollution. The strengths of hypothetical 

correlation were indicated in the model summaries 

by the correlation coefficients, standard errors of 

estimates and significance of the coefficients. The 

correlation coefficient implies the degree to which 

the variation in the water pollution is hypothetically 

related to the variation in the water quality 

variable(s). No relationship exists if the correlation 

coefficient is zero, whereas a perfect relationship 

exists if the correlation coefficient is -1 or +1. The 

standard error of estimate is the standard deviation 

of the observed values about the equation line. The 

higher the estimate of the standard error, the less 

reliable is the prediction capability of the regression 

equation. A vector of latent variable (construct) 

water pollution is indirectly observed using a vector 

of 

                                          , 
observable variables (manifest). 

The measurement model is therefore given as  

 

                                        (1) 

 

The matrix    (q×n) is a factor loading matrix and 

the element of    pertaining to manifest i and 

construct t is represented by          . Manifest 

equations could also be given when construct is a 

vector of individual variables of water pollution that 

affect the manifest. This SFMM deals with 

multivariate analysis of Structural Equation 

Modelling (SEM) that has ability to illustrate 

simultaneous linear interconnection among variables 

by constructing linear equation. The variance-based 

category of Structural Equation Model was used to 

make a structural model of formative construct 

([HRS11]). Variance-based SEM was also 

recommended when the study has some tentative 

theories or either the measurement of its latent 

variables still relatively new ([CN99]).  

Measurement models consist of confirmatory factor 

models and mixture. Among continuous latent 

dependent variables, the following relations are 

specified in the full structural equation model 

               and continuous latent 

explanatory variables,                 . 
 

             (2) 

 

where   is a matrix of structural parameters 

connecting the latent dependent variables to one 

another, ᴦ is a matrix of structural parameters 

connecting latent dependent variables to latent 

explanatory variables and   is a vector of 

disturbances. We defined Ω = cov ( ) and    
        , the assumptions made were       
                            . Confirmatory 

factor models are therefore specified for   as  

 

     +Ᵹ     (3) 

 

Here y represents continuous measures while y is the 

factor loading matrix and     is the covariance 

matrix of   Ᵹ. The error term are assumed to be 

uncorrelated across equations in the system. 

 

3. RESULTS AND DISCUSSION 
 

The diagram presented in Figure 1 showed the 

correlation between water pollution and its 

respective explanatory variables and the summary 

results of physical and chemical factor (PCF) are 

given in Table 1. 

The results given in Table1 contained the mean, 

standard deviation and standard specification limits 
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of the Physical-chemical factors set by the World 

Health Organization (WHO) and Standard 

Organization of Nigeria (SON). The above results 

showed that ALK and TH were from the same 

source of origin because of the high mean of 

concentration estimated as 78.71mg/L and 

89.29mg/L, respectively. The estimated mean of 

COL (20.72mg/L) and SI (3.53mg/L) were above 

the neutral level as against the WHO and SON 

specification limits.  

 

 
Figure 1. Path Diagram of water quality parameter 

 
Table 1. Summary of Physical and Chemical Factors (PCF) 

PCF Mean Std.dev Min Max SON WHO 

APP 

TTO 

COL 

TUR 

PH 

DO 

ALK 

TH 

CH 

CA 

MI 

SI 

CCH 

1.33 0.47 

0.47 0.47 

20.72 27.34 

3.81 10.98 

6.69 0.79 

3.89    3.93 

78.71 33.29 

89.29  20.93 
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Figure 2. Compositional Correlation 
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The matrix displayed in Figure 2 is the correlation 

between parameters which gives information about 

the relationship between variable of interest in the 

study. It showed the results of correlation coefficient 

matrix between water pollution factors. It contains 

the weak and moderate positive and negative 

correlation between the observable variables.  

The negative correlation exists between the observed 

variable are APP and TTO (-1.00), APP and DO (-

0.13), TTO and COL (-0.76), TTO and TUR (-0.33), 

TTO and PH (-0.28), TTO and ALK (-0.65), TTO 

and TH (-0.22),TTO and CH (-0.09), TTO and Ca (-

0.16), TTO and MI (-0.0017), TTO and Si (-0.06), 

TTO and CCH (-0.11), COL and CH (-0.02), TUR 

and TH (-0.12), TUR and CH (-0.16), TUR and Ca 

(-0.13), PH and DO (-0.12), PH and Ca (-0.00), DO 

and ALK (-0.16), DO and CCH (-0.1420), PH and 

CCH (-0.0729), ALK and MI (-0.25), MI and CCH 

(-0.4873), TUR and CCH (-0.1988), ALK and Si (-

0.02), TH and MI (-0.23), TH and Si (-0.13) and Si 

and CCH (-0.1038). It implies that the parameters in 

the negative correlation coefficient with less than 0.5 

do not have any sources of origin.  

 
Table 2. Hypothetical Correlation between Physical-

Chemical factor and Water Pollution 

Factors Coefficient Std Dev P-value R square 

APP 

TTO 

COL 

TUR 

PH 

DO 

ALK 

TH 

CH 

CA 

MI 

Ch 

SI 

.0776383 

-.0776383 

1.049415 

-1.486894 

.0011626 

.9089366 

9.023928 

8.3911 

0.1042 

6.263782 

-2.452492 

3.280868 

-.3780912 

.050382 

.050382 

2.9112 

1.165393 

.0839933 

.4108093 

3.644326 

2.1252 

0.1153 

.5252195 

1.454742 

1.452539 

.3198499 

0.123 

0.123 

0.718 

0.202 

0.989 

0.027 

0.013 

0.000 

0.119 

0.000 

0.092 

0.024 

0.237 

0.9999 

1.0000 

0.7140 

0.1357 

0.0939 

0.0201 

0.5181 

0.0585 

0.0109 

0.0310 

0.0000 

0.0148 

0.0048 

 

The positive correlation obtained between the 

observed are APP and COL (0.76), APP and TUR 

(0.33), APP and PH (0.28),  APP and ALK (0.65), 

APP and TH (0.22), APP and CH (0.09), APP and 

Ca (0.16), APP and MI (0.00), APP and Si (0.06), 

APP and CCH (0.1100), TTO and DO (0.13), COL 

and TUR (0.61), COL and PH (0.25), COL and DO 

(0.01), COL and  ALK (0.58), COL and TH (0.13), 

COL and Ca (0.04), COL and MI (0.04), COL and 

Si (0.24), TUR and PH (0.13), TUR and DO (0.02), 

TUR and ALK (0.07), TUR and MI (0.22), TUR and 

SI (0.19), PH and ALK (0.24), PH and TH (0.11), 

PH and CH (0.00), PH and Ca (0.07), PH and MI 

(0.07), PH and SI (0.11), DO and TH (0.18), DO and 

CH (0.24), DO and Ca (0.23), DO and MI (0.17),  

DO and SI (0.31), ALK  and TH (0.38), ALK and 

TH (0.25), ALK and Ca (0.26),  TH and CH (0.25), 

TH and Ca (0.40), TH and MI (0.00), TH and SI 

(0.05), TH and CCH (0.4941), CH and Ca (0.87), 

CH and CCH (0.1995), Ca and CCH (0.2344), MI 

and SI (0.00) and COL and CCH (0.0267).  

The correlation that exists between APP and COL 

(0.76), APP and ALK (0.65) revealed the same 

source of origin between them.  

The results given in Table 2 showed the coefficients, 

standard deviations and p-values of chemical factors 

responsible for water pollution in Eleyele area of 

Oyo state, Nigeria. This study was carried out at 

0.05 level of significance. In the study the null 

hypothetical correlations  failed to be accepted 

between APP and water pollution (0.123), TUR and  

water pollution (0.202), PH and  water pollution 

(0.989), CH and  water pollution (0.366), SI and  

water pollution (0.237), Ch and water pollution 

(0.119), MI and water pollution (0.092), but 

accepted for ALK and water pollution (0.013), TH 

and water pollution (0.0001), CA and  water 

pollution (0.0001), Ch and water pollution (0.024)  

and DO and water pollution (0.027). This implies 

that ALK, CA, TH, Ch and DO were significantly 

correlated to water pollution while APP, TTO,  

COL, TUR, PH and SI were not related to it. The R 

square estimates, coefficients of determination 

indicated that water quality variables are and not 

strongly related to the water pollution. Those with 

high coefficient of determination APP (0.9999), 

TTO (1.000), COL (0.7140) and ALK (0.5181) are 

strongly related to water pollution while those with 

small coefficient of determination TUR (0.1357), 

PH (0.0939), DO (0.0201), TH (0.0585), CH 

(0.0109), CA (0.0310), MI (0.0000), Ch (0.0148) 

and SI (0.0048) are not related to it. 

 

4. CONCLUSION  

 

The data of water quality variables at Eleyele 

reservoir in Ibadan, Oyo State covered a period of 

four years such as 2009, 2010, 2017and 2018, 

respectively. The aforementioned water quality 

variables were analysed using SFMM. In the study, 

Figure 1 showed the path diagram of water quality 

parameters mentioned with means and error variances 

to explain the variability of water quality depending 

on the source of origin of PCF and depth of the 

Eleyele reservoir. The coefficients obtained in ALK 

and TH indicated high constituent concentration to 

water pollution while the results in Table 1 revealed 

the failure thresholds of PCF against the standard 

specification limits. Findings in Table 2 showed that 

ALK, CA, TH, Ch and DO were significantly and 

hypothetically related to water pollution. This 

consequently implies that these five Chemical 

parameters are important in explaining variation in 

water pollution in Eleyele reservoir. It is evident from 
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the study that pollution in Eleyele reservoir is due to 

domestic activities around it. 
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