
J. Environ. Res. Develop. 
Journal of Environmental Research And Development             Vol. 7 No. 3, January-March 2013 

1294 
 

1294 

STATISTICAL ANALYSIS TO IDENTIFY THE MAIN 
PARAMETERS TO THE WASTEWATER QUALITY  

INDEX OF CETP :  A CASE STUDY AT  
VAPI, GUJARAT, INDIA 
Shah Abhishek* and Khambete A. K. 

Department of Civil Engineering, SVNIT, Surat (INDIA) 

 
       

Received August 25, 2012                                           Accepted February 02, 2013 
ABSTRACT 

The Wastewater Quality Index (WWQI) for wastewater of Common Effluent Treatment Plant 
(CETP) was found considering all the parameters described by Central Pollution Control Board 
(CPCB). CCME (Canadian Council for Management for Environment) method was used for the 
development of WWQI. Initially 23 parameters were analysed. But the values of some 
parameters were very low with respect to their prescribed limits and few parameters were found 
totally absent during the analysis. Hence, these parameters were omitted and WWQI was 
developed with 16 parameters. Further, with the help of software called SPSS correlation 
between WWQI and different parameters of wastewater was found out. From this analysis, the 
parameters significantly affecting WWQI were determined and a regression equation was 
developed considering these parameters only using SPSS software. Again, WWQI was found out 
with the help of regression equation. At the last results from both CCME method and regression 
equation were compared.  

Key Words : Wastewater Quality Index (WWQI), Chemical Oxygen Demand (COD), 
Biochemical Oxygen Demand (BOD), Total Dissolved Solids (TDS),  

SPSS, Canadian Council for Ministry for Environment (CCME) 
 

INTRODUCTION 
Water Quality Index (WQI) is a unitless 
number that describes a quality value to an 
aggregated set of measured chemical, physical 
and microbiological parameters. Basically, a 
WQI attempts to provide a mechanism for 
presenting a cumulatively derived numerical 
expression to define a certain level of water 
quality1.Water quality indices are tools to 
determine conditions of water quality and, like 
any othertool require knowledge about 
principles and basic concepts of water and 
related issues2.WQI is a mechanism for 
presenting a cumulatively derived numerical 
expression defining acertain level of water 
quality3. 
Water quality indices aim at giving a single 
value to the water quality of a source reducing 
great amount of parameters into a simpler 

expression and enabling easy interpretation of 
monitoring data4. Developing the WWQI on 
the line of WQI is expected to be more 
practical in implementation and can become 
effective decision making tool for authority.5 
WQI is a mechanism for presenting a 
cumulatively derived numerical expression 
defining a certain level of water quality.3 In 
other words, WQI summarizes large amounts 
of water quality data into simple terms (e.g., 
excellent, good, bad, etc.) for reporting to 
management and the public in a consistent 
manner. Various researchers have considered 
similar approaches which brought changes to 
the methodology depending on the usage and 
parameters under consideration. Pratiet et al6 
considered 13 different parameters of equal 
weight in their system. 
Further, development and calculation of WQI 
includes consideration of numerous parameters 
such  as  COD,  BOD,  TDS,  SS, Temperature,  *Author for correspondence 
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Chloride, Heavy metals (Cr, Ar, Fe, Cu, Pb, Hg 
etc.) Sulphate etc. To analyse and determine all 
the parameters is very long and tedious process. 
Also, there is a fact that among all the parameters 
there are only some selected parameters that 
significantly affect the WWQI. Others have very 
low or almost no impact on WWQI. With 
application of correlation analysis, these 
parameters can be easily identified. Once they 
are identified, a regression equation can be easily 
developed with help of statistical analysis 
software.  
With help of this equation WWQI can be easily 
determined by only measuring significantly 
affecting parameters. This removes the long 
laboratory hours to determine all the parameters. 
Instead with help of very few required 
parameters, WWQI can be easily determined. 
With the above objective WWQI was developed 
for the effluent of Vapi, Gujarat, India, CETP by 
CCME method. Further correlation and 
regression analysis was performed and equation 
was developed. With this equation again 
predicted WWQI was calculated and compared 
with the results of CCME method in order to 
check the efficiency and acceptance of regression 
equation. 
In Vapi, CETP of 55 MLD treats wastewater 
from industries of Vapi Industrial Area. Waste 
water comes from the industries like paper mills, 
chemicals and pharmaceuticals industries, dye 
and dye intermediates, plastic engineering etc. 
Various methods are available for calculating 
WQI. Numerous water quality indices have been 
formulated all over the world which can easily 
judge out the overall water quality within a 
particular area promptly and efficiently. For 
example, US National Sanitation Foundation 
Water Quality Index (NSFWQI), Canadian 
Council of Ministers of the Environment Water 
Quality Index (CCMEWQI), British Columbia 
Water Quality Index (BCWQI) and Oregon 
Water Quality Index (OWQI).7-9 These indices 
are based on the comparison of the water quality 
parameters to regulatory standards and give a 
single value to the water quality of a source.9,10 
AWWQI was developed using CCME method. 
The final formulation ofthe CCME WQI, 
although based on the BC index, incorporates 
modifications  developed  by  the  province   of 
Alberta and closely resembles the Alberta 
Agricultural Water Quality Index or AAWQI.  

CCMEWQI compares observations to a 
benchmark instead of normalizing observed 
values to subjective rating curves, where the 
benchmark may be a water quality standard or 
site specific background concentration.11,10 The 
index is flexible in terms of the benchmarks that 
are used for calculation and depends on the 
information required from the index that is, 
guidelines for the protection of aquatic life may 
be used (when available) if the index is being 
calculated to quantify ecological health of the 
water, or drinking water quality guidelines may 
be used if the interest in the index is in drinking 
water safety.12 CCME is the most commonly 
used method around the world. Also it is the 
most trusted and most efficient method to 
calculate WWQI. This is the only method that 
considers wide number of parameters to develop 
WWQI. The same method is applied to 
determine the WWQI at Vapi CETP and 
minimum, maximum and average values for 
WWQI were found out, which are 61.26, 83.86 
and 69.86 respectively. 
Once, WWQI was calculated the correlation 
between WWQI and all the parameters was 
calculated. Factor Analysis (FA) was adopted to 
assist the in-terpretation of elemental data.13 This 
powerful method allows identifying the different 
ground of metals that correlate and thus can be 
considered as having a similar behaviour and 
common origin.  
Statistical linear regression analysis is a widely 
used statistical tool to model the relationship 
among variables to describe and/or predictpheno-
mena and is useful in a non-fuzzy environment 
where the relationship among variables is sharply 
defined.14 Statistical techniques available in 
literature have recently been adapted for use in 
water quality indices. These indices have the 
advantage of incorporating subjective assumpt-
ions to a lesser degree than the earlier indices.15 
Similarly assessment of surface water quality by 
water quality index at the Cai Sao canal, An 
Giang province, Vietnam was carried out by 
Trinh Thi L. et al.16-18 
For this SPSS was used. From this analysis, 
parameters significantly affecting WWQI were 
found out (TDS, COD  and Sulphate etc.). At 
last, considering only these significant 
parameters a regression equation was developed 
using SPSS. 
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This equation was used to calculate WWQI once 
again.  Finally,  the  results  obtained  from  both  
CCME method and regression equation were 
compared and work was concluded. 
Water Quality Index by CCME method 
The index was developed by a technical 
committee formed by Canadian Council of 
Ministers of Environment in 1997 to create a 
CCME Water Quality Index (CCME WQI) that 
could commonly use by all states of Canada. 
Values range between 0 and 100 with higher 
values indicating water that tends to meet the 
guidelines more frequently  and that is 
considered to be of higher quality. 
The same method has been applied by Lumb A. 
et al19 to monitor the water quality of The 
Mackenzie River Basin, Canada. Semiromi B. et 
al20 have used this index as a guideline for 
development of WQI using fuzzy logic .  
 A case study of the Karoon River of Iran. Dr. 
Khan A. et al21 have also implemented CCME  

WQI for Real time water quality monitoring 
network and water quality indices for river nile. 
For the calculation of Water Quality Index 
(WQI) of Euphrates River, Heety et. Al.22 
employed the CCMEWQI. For determination of 
WQI for Lakes Of Mandya, Karnataka State, 
India, CCME method was implemented by Devi 
Prasad A. et al. 23 
The index is based on a combination of three 
factors 
1) The number of variables whose objectives are 
not met, (Scope) 
2) The frequency with which the objectives are 
not met, (Frequency)  
3) The amount by which the objectives are not 
met, (Amplitude) 
Range of CCME WQI is 0 to 100. A value of 100 
is the best possible index score and a value of 0 is 
the worst possible. Once the value has been 
determined, water quality is ranked in different 
categories as described below : 

S/N Rating WQI Categorization 

1 Excellent 95-100 Water quality is protected with a virtual absence of threat or 
impairment; conditions very close to natural or pristine levels. 

2 Good 80-94 
Water quality is protected with only a minor degree of threat 
or impairment; conditions rarely depart from natural or 
desirable levels. 

3 Fair 65-79 
Water quality is usually protected but occasionally threatened 
or impaired; conditions sometimes depart from natural or 
desirable levels. 

4 Marginal 45-64 Water quality is frequently threatened or impaired; conditions 
often depart from natural or desirable levels. 

5 Poor 0-44 Water quality is almost always threatened or impaired 
AIMS AND OBJECTIVES 

The main reasons to choose CCME method 
among various methods are as follows 
It is flexible with respect to the type and 
number of water quality variables to be tested, 
the period of application and the type of water 
body (stream, river reach, lake, etc.) tested. 
The index is based on combination three 
factors which helps to communicate better 
way. Objective (limit) of parameters can be 
selected as per requirement. This helps the 
index to apply anywhere in the world. 

METHODOLOGY 
The variables and objectives have been defined  

first. Variables selections are site specific or 
user defined. Objectives are limit which set by 
authorities which should be satisfied. The 
index has three factors and each one of them 
must be calculated. The calculation of F1 and 
F2 is relatively straight forward; F3 requires 
some additional steps. F1(Scope) represents the 
percentage of variables that donot meet their 
objectives at least once during the time period 
under consideration (failed variables), 
relativeto the total number of variables 
measured. F1 (Scope) can be determined with 
the application of equation 1. 

퐹 =
푁푢푚푏푒푟 표푓 푓푎푖푙푒푑 푣푎푟푖푎푏푙푒푠
푇표푡푎푙 푛푢푚푏푒푟 표푓 푣푎푟푖푎푏푙푒푠

× 100 … … … … (1) 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development             Vol. 7 No. 3, January-March 2013 

1297 
 

1297 

F2 (Frequency) represents the percentage of 
individual tests that do not meet objectives 
(failed tests) which is determined with the 
application of equation 2. 

퐹 =
푁푢푚푏푒푟 표푓 푓푎푖푙푒푑 푡푒푠푡푠
푇표푡푎푙 푛푢푚푏푒푟 표푓 푡푒푠푡푠

× 100 … … … (2) 
F3 (Amplitude) represents the amount by 
which failed test values do not meet their 
objectives. F3 is calculated in three steps. 
i) The number of times by which an 

individual concentration is greater than 
(or less than, when the objective is a 
minimum) the objective is termed an 
excursion and is expressed in equation 
3a and 3b. When the test value must not 
exceed the objective. 

푒푥푐푢푟푖푠표푛 =
퐹푎푖푙푒푑 푇푒푠푡 푉푎푙푢푒

푂푏푗푒푐푡푖푣푒
−  1  … … … (3푎) 

For the cases in which the test value must not 
fall below the objective : 

 
 
 

ii) The collective amount by which 
individual tests are out of compliance is 
calculated by summing the excursions of 
individual tests from their objectives and 
dividing by the total number of tests 
(both those meeting objectives and those 
not meeting objectives). This variable, 
referred to as the normalized sum of 
excursions, or nse, is calculated as per 
equation 4. 

푛푠푒 =  
∑ 푒푥푐푢푟푠푖표푛

# 표푓 푡푒푠푡푠
… … … (4) 

iii) F3 is then calculated by an asymptotic 
function that scales the normalized sum 
of the excursions from objectives (nse) 
to yield a range between 0 and 100. 
F3 (Amplitude) was determined as per 
equation 5. 
 

 
 

Once the factors have been obtained, the index 
itself can be calculated by summing the three 

factors as if they were vectors. The sum of the 
squares of each factor is therefore equal to the 
square of the index.  
The CCME Water Quality Index (CCME 
WQI) was determined as per equation 6. 
퐶퐶푀퐸푊푄퐼 = 100

−
퐹 +  퐹 +  퐹

1.732  … … … (6) 

The divisor 1.732 normalises the resultant 
values to a range between 0 and 100, where 0 
represents the worst water quality and 100 
represents the best water quality. 
Statistical analysis  
To evaluate waterquality from a large number 
of samples each containing concentrations for 
many parametersis difficult. To analyze water 
quality, different approaches likestatistical 
analyses of individual parameter, multi-
stressors water quality indices etc. have been 
considered.24 
The statistical analysis are generally used to 
identify the calculated WWQI is appropriate or 
not. For this purpose correlation analysis and 
multiple linear regression analysis were 
performed. 
Correlation analysis 
Correlation isa measure of degree of linear 
relationship between two variables. It 
expresses the extent to which two variables 
vary together in same directions or opposite 
directions. Correlation coefficients reveal the 
magnitude and direction of the relationships. A 
correlation has value ranging from -1 to 
1.Values that are closer to the absolute value 1 
indicate that there is a strong positive linear 
relationship between the variables being 
correlated, whereas values closer to 0 indicate 
that there is no liner relationship between two 
variables under study. Table 1 shows the 
correlation different parameters, measured by 
Surat Municipal Commission, applied to 
evaluate WWQI for treated wastewater. 
Correlation between different parameters was 
found out by Florence P. et al25-27 for Water 
Quality Index and Correlation Study at 
Yercaud Taluk, Salem, Tamil Nadu, India. 
During Quality Assessment of Aba River 
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Using Heavy Metal Pollution Index, Akobundu 
A.13 found significant correlation between 
different parameters of pollution index.      
Also,   correlation  analysis  for  lower  Maniar  
Reservoir was carried out by Thirupathaiah M. 
et. Al.28 
Multiple linear regression analysis 
It is one of the very important statistical tools 
which are used in almost all fields of sciences. 
In regression analysis there are two types of 
variables. The variable whose value is 
influenced is called dependent variable and the 
variables which influence the dependent 
variable are called explanatory (regressors) 
variables. And the model equation is : 
Y= β0 +β1X1 + β2 X2 +β3X3 + β4 X4 +β5X5 + β6 
X6 +β7X7 + β8X8 + e     ……………………( 1) 
This model should be free from (as 
assumptions of applying this criteria), 
Multicollinearity (regressors are correlated), 
Heteroscedasticity (error variance is 
nonconstant), and Autocorrelation (error 

terms are correlated). In this study WWQI     
is   considered   as   dependent   variable   and  
parameters are considered as explanatory 
variables. Chenini I. et al29 have successfully 
applied multiple linear regression for 
Evaluation of ground water quality. Rene E. 
et. al.30,31 has also applied regression equation 
for prediction of water quality indices. 

RESULTS AND DISCUSSION 
Constant monitoring of all the parameters 
described by CPCB was carried out weekly 
throughout the year 2011 up to February 2012. 
All the data of analysis is summarised in  
Table 1. All 23 parameters were analysed. 
From this a few parameters were found having 
very low concentration compared to their 
limiting values (i.e. mercury, lead etc.) and 
some parameters were found totally absent 
during analysis (i.e. boron, nickel etc.). Hence, 
these parameters were omitted and finally 16 
parameters were considered to develop WWQI 
(Table 2). 

Table 1 : Data for effluent at Vapi CETP for the Year 2011 

Data for effluent at Vapi CETP, Year 2011 

Parameter pH COD SS BOD NH3 TDS Temp Chloride 

Limits 6.5-8.5 250 100 30 50 2100 40°C 1000 

Minimum 7.28 360 50 19 8 4840 32 41 

Maximum 7.77 720 254 112 72 10752 32 4076 

Average 7.5 507 141.2 50 41 8208 32 3117.5 

Parameter Sulfide Phenol Sulfate Cd Cr Cu As Fe 

Limits 2.8 1 1000 1 2 3 0.2 3 

Minimum 0 0 545 0 0 0 0 0 

Maximum 10 2.6 2698 0.087 1.245 0.891 0.718 16.15 

Average 2.433 0.952 1503 0.017 0.302 0.138 0.072 1.411 

To study the wastewater quality index WWQI 
total sixteen parameters were studied. Then with 
the help of Pearson Correlation (summarized in 
Table 3, Annexure 1)statistically significantly 
correlated variableswere identified. Out of 
sixteen parameters, COD-SS, COD-Cr, COD-Fe,    
Cr-As,  Cr-Fe,  Phenol-pH,  Phenol-As,  Sulfate 
TDS, Sulfate-Chloride, Cd-Cu are significantly 
correlated (Table 3). Now as our main motive is  

to check the WWQI is correctly drawn or not, we 
go for regression. From Table 4, we can easily 
find unstandardized coefficients for the equation 
constant, COD, SS, NH3, Chloride, Sulfide, Sulf-
ate as 100.144, -0.037, -0.021, -0.096, -0.002, -
1.105 and -0.004 respectively. These coefficients 
were replaced with coefficients of equation 1 and 
Y predicted is presented in equation 2. Table 5 
shows that the model fits with 81% of accuracy. 
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Ypredicted = 100.144- 0.037 X1 - 0.021 X2 - 0.096 
X3 - 0.002X4 – 1.105 X5 - 0.004 X6 + e …..(2) 
Where: Y= WWQI, X1=COD, X2=SS, X3= NH3, 
X4 = Chloride, X5 =Sulfide, X6 =Sulfate and e is 
error term. 
This model is fitted significantly as F= 35.434 
(p-value: 0.000) (Table 6) also root mean 
square error (RMSE) is 0.000. This model is not 
having problem of auto correlation as Durbin-
Watson test statistic is 1.914 which is nearer to 
2 (Table 5). Also it was found that some 
significant correlation established between 
some of these 16 parameters and there is no 
presence of mu-lticollinearity any parameter 
(Table 4) as VIF is not greater than 10 and 
tolerance isnot near to 0. 
As BOD and Phenol were significantly affecting 
WWQI at significant of 0.05 level, so we 
included BOD and Phenol and re-calculated the 
WWQI. And again fitted the regression model, 
and got the regression equation as follows   with  
83% of accuracy.  

YPredicted = 100.196- 0.035 X1 - 0.026 X2 - 0.075  
X3 - 0.002X4 – 1.138 X5 - 0.003 X6 - 0.008 X7 –  
1.561 X8 + e    ……………………………...(3) 
Where Y= WWQI after dropping BOD and 
Phenol, X1=COD, X2=SS, X3= NH3, X4 = 
Chloride, X5 =Sulfide, X6 =Sulfate, X7=BOD, 
X8=Phenol and e is error term. 
This model is fitted significantly as F= 30.672 
(p-value : 0.000) (Table 6) also Root Mean 
Square Error (RMSE) is 0.000. This model is 
not having problem of auto correlation as 
Durbin-Watson test statistic is 1.914 which is 
nearer to   2 (Table 5). Also it was found that 
some significant correlation established 
between some of these 16 parameters and there 
is no presence of multicollinearity any 
parameter (Table 4) as VIF is not greater than 
10 and tolerance isnot near to 0. From analysis 
throughout the year, WWQI by CCME Method 
and both regression equations was observed as 
follows : 

Table 2 : Minimum, maximum and average values for WWQI by CCME method and 
regression equations 

 WQI For each 
day by CCME 

WQI by 
regression 
equation 

WQI by regression equation 
 (Incl. BOD and phenol @ 0.05 

significant Level) 
Minimum 47.96 47.97 48.86 
Maximum 76.26 73.60 73.96 
Average 61.00 59.77 60.90 

The range for WWQI with CCME Method, 
regression equation 2 and regression equation 3 
was found between 47.96 – 76.26, 47.97 – 73.60, 
and 48.86 – 73.96 respectively. Regression 
equation  2  shows  accuracy  of  81%  with   the  

results of CCME method while regression 
equation 3 shows accuracy of 81% with the 
same. The graphical comparison for WWQI by 
CCME method and regression equations is 
shown in Fig. 1. 

 
 
 
 

 
 

 
 
 

 

Fig. 1 : Comparison between WWQI calculated by CCME method and both the regression 
equation 
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Annexure 1: 

Table 3 : Pearson correlation coefficients showing relation between all the parameters 

Pearson Correlation  
  pH COD SS BOD NH3 TDS Temp. Chloride Sulfide Phenol Sulfate Cd Cr Cu As Fe WWQI 

pH 1.000                                 

COD -0.003 1.000                               

SS 0.064 0.403** 1.000                             

BOD -0.197 0.335* 0.107 1.000                           

NH3 0.144 0.220 0.065 -0.042 1.000                         

TDS -0.155 -0.272 0.109 -0.191 -0.168 1.000                       

Temp. 0.000 0.000 0.000 0.000 0.000 0.000 1.000                     

Chloride -0.083 0.338* 0.165 0.206 0.294* -0.306* 0.000 1.000                   

Sulfide -0.095 0.219 0.174 0.167 0.252 0.039 0.000 0.043 1.000                 

Phenol -0.402** 0.098 -0.144 0.071 0.308* 0.053 0.000 0.164 -0.007 1.000               

Sulfate -0.148 0.210 -0.089 0.216 0.251 -0.404** 0.000 0.516** 0.050 0.190 1.000             

Cd -0.127 0.228 0.018 0.084 0.120 -0.096 0.000 0.146 0.085 0.087 -0.025 1.000           

Cr 0.176 0.456** 0.346* -0.081 -0.132 -0.195 0.000 0.155 0.083 -0.339* 0.030 0.230 1.000         

Cu 0.176 0.150 0.113 -0.072 -0.128 -0.265 0.000 0.144 0.012 -0.108 0.201 -0.497** 0.245 1.000       

As 0.113 0.265 0.178 -0.229 -0.112 -0.135 0.000 0.098 0.021 -0.411** 0.076 -0.013 0.552** 0.187 1.000     

Fe -0.047 0.465** 0.127 0.158 -0.121 -0.259 0.000 0.159 -0.239 -0.134 0.086 0.198 0.391** 0.184 0.133 1.000   

WWQI 0.078 0.523** -0.186** -0.143* 0.516** 0.117 0.000 -0.668** -0.462** -0.376* -0.525** -0.183 -0.208 -0.100 -0.150 -0.127 1.000 

**. Correlation is highly significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed).  
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Table 4 : Coefficients for regression analysis 

Model 

Unstandardized 
coefficients 

Standardized 
coefficients 

t Sig. 
Correlations Collinearity statistics 

B Std. Error Beta 
Zero-
order Partial Part Tolerance VIF 

1 

(Constant) 100.144 3.013  33.241 .000      
COD -.037 .006 -.463 -6.298 .000 -.739 -.693 -.394 .723 1.383 
SS -.021 .009 -.169 -2.380 .022 -.432 -.341 -.149 .778 1.285 

NH3 -.096 .032 -.206 -3.020 .004 -.491 -.418 -.189 .838 1.194 
Chloride -.002 .001 -.180 -2.301 .026 -.532 -.331 -.144 .641 1.560 
Sulfide -1.105 .253 -.290 -4.370 .000 -.490 -.555 -.273 .890 1.124 
Sulfate -.004 .002 -.183 -2.410 .020 -.424 -.345 -.151 .681 1.469 

2 

(Constant) 100.196 2.846  35.201 .000      
COD -.035 .006 -.439 -6.076 .000 -.739 -.688 -.359 .668 1.498 
SS -.026 .009 -.202 -2.962 .005 -.432 -.420 -.175 .753 1.328 

NH3 -.075 .032 -.163 -2.372 .022 -.491 -.347 -.140 .739 1.353 
Chloride -.002 .001 -.169 -2.282 .028 -.532 -.336 -.135 .636 1.572 
Sulfide -1.138 .243 -.298 -4.692 .000 -.490 -.591 -.277 .863 1.159 
Sulfate -.003 .001 -.169 -2.342 .024 -.424 -.343 -.138 .667 1.500 
BOD -.008 .021 -.024 -.371 .713 -.320 -.058 -.022 .815 1.227 

Phenol -1.561 .596 -.168 -2.619 .012 -.292 -.379 -.155 .850 1.177 
a. Dependent Variable: WWQI 

Table 5 : Model Summary 

Model R R square Adjusted R 
square 

Std. Error of 
the estimate 

Statistics Durbin-
Watson R square F  df1 df2 Sig. F 

1 .912a .832 .808 2.94490 .832 35.434 6 43 .000  
2 .926b .857 .829 2.78219 .857 30.672 2 41 .037 1.914 

a. Predictors: (Constant), Sulfate, Sulfide, SS, NH3, COD, Chloride 
b. Predictors: (Constant), Sulfate, Sulfide, SS, NH3, COD, Chloride, Phenol, BOD 
c. Dependent Variable: WWQI 
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Table 6 : ANOVA 

Model Sum of squares df Mean square F Sig. 

1 
Regression 1843.810 6 307.302 35.434 .000b 
Residual 372.915 43 8.672   
Total 2216.725 49    

2 
Regression 1899.361 8 237.420 30.672 .000c 
Residual 317.364 41 7.741   
Total 2216.725 49    

a. Dependent Variable: WWQI 
b. Predictors: (Constant), Sulfate, Sulfide, SS, NH3, COD, Chloride 
c. Predictors: (Constant), Sulfate, Sulfide, SS, NH3, COD, Chloride, Phenol, BOD 

From the Graph, it can be easily seen that the 
results slightly deviates during periods of 16th 
March to 16th June and 16th November 2011 to 
16th January 2012. 

CONCLUSION 
First WWQI was found and later the 
correlation for the interrelation between 
different parameters and their correlation with 
WWQI was determined with help of SPSS. 
From this analysis COD-SS, COD-Cr, COD-
Fe, Cr-As, Cr-Fe, Phenol-pH, Phenol-As, 
Sulfate-TDS, Sulfate-Chloride, Cd-Cuwere 
significantly correlated. Also it was found that 
COD, SS, NH3, Chloride, Sulfide and Sulfate 
were significantly correlated with WWQI at 
0.01 Level while BOD and Phenol were 
significantly correlated at 0.05 Level. 
When 6 parameters were considered and 
regression equation was developed, it was 
found nearly 81% accurate. 
Y predicted = 100.144 - 0.037 X1 - 0.021 X2 - 
0.096 X3 - 0.002X4 – 1.105 X5 - 0.004 X6 + e 
It has the standard error of 2.95. Now, as it has 
R Square > .75, the equation is acceptable and 
can be applied to determine WWQI instead of 
performing whole tedious procedure of CCME 
Method. Further when considered these eight 
parameters and developed regression equation 
it was found 83% fitting with the original 
WWQI. The equation was like: 
YPredicted = 100.196 - 0.035 X1 - 0.026 X2 - 
0.075 X3 - 0.002X4 – 1.138 X5 - 0.003 X6 - 
0.008 X7 – 1.561 X8 + e 
It has the standard error of 2.78. Now, as it has 
R Square > .75, this equation is also acceptable 
and can be applied to determine WWQI 

instead of performing whole tedious procedure 
of CCME Method. But, as accuracy increases 
only about 2%, we can neglect determination 
of BOD and Phenol also which may result in 
considerable time saving and reduce 
complications in determination of WWQI.  
Hence, instead of analyzing all 16 parameters 
(neglecting some form all 23 parameters) only 
8 or 6 parameters can provide results with 
sufficient accuracy around 80 – 85%. This 
eliminates tedious procedure of determining 
and testing each and every parameter which 
ultimately results in considerable amount of 
time, chemicals and money savings. Also 
higher accuracy eliminates any chances of 
deviation from original WWQI expect shock 
loadings. 
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