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ABSTRACT 
To find an approach to underground drinking water quality management through correlation 
studies among various water quality physico-chemical parameters, the statistical regression 
analysis of eight data points of water of different IM2 hand pumps at Moradabad, India was 
performed. Sixteen water quality parameters of all sites were estimated following standard 
methodology and comparison of evaluated values with drinking water standards prescribed 
by W.H.O. revealed that water of study area is contaminated with reference to almost all the 
physico-chemiacl parameters studied. <br><br> 
Regression analysis of these data points suggests that conductivity of underground water is 
found to be significantly correlated with thirteen out of fifteen parameters studied and its 
moderate correlation with rest two parameters namely total suspended solids and iron 
concentration also can not be overlooked. One may suggest that underground drinking water 
which is contaminated at Moradabad can be checked effectively by controlling the 
conductivity of water. Present study may be treated one step ahead towards the underground 
drinking water quality management. 

Key Words :  Physico-chemical Parameters, Water Contamination, Regression Equations, 
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INTRODUCTION 

Ground water is the principal source of 
drinking water in our country and 
indispensable source of our life. The problem 
of ground water quality is more acute in the 
areas which are densely populated and 
thickly industrialized and have shallow 
ground water table. Ground water once get 
polluted, its purification is hopelessly 
difficult. According to Central Pollution 
Control Board, India, 90% of water supplied 

in India to the town and cities is 
contaminated, out of which only 1.6% gets 
treated1-3 . 

The present study is aimed to suggest 
effective measure for underground drinking 
water quality management with correlation 
studies through statistical regression analysis 
for eight data points of different India Mark 
II (IM2) hand pump water at Moradabad. 

The statistical regression analysis has 
been found to be a highly useful tool for 
correlating different parameters. Correlation 
analysis measures the closeness of the * Author for correspondence 
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relationship between chosen independent and 
dependent variables. If the correlation 
coefficient  is nearer to +1 or –1, it shows the 
probability of linear relationship between the 
variables x and y . This way analysis 
attempts to establish the nature of the 
relationship between the variables and 
thereby provides a mechanism for prediction 
or forecasting.4-7 

Moradabad is a B class city of western 
Uttar Pradesh having urban population more 
than 38 lacs . Moradabad is situated at the 
bank of Ram Ganga river and its altitude 
from the sea level is about 670 feet. It is 
extended from Himalaya in north to Chambal 
river in south. It is at 28°20', 29°15' and 
78°4', 79°E. District Bijnor and Nainital are 
in the north, Rampur in the east, Ganga river 
in the west and district Budaun is in the north 
of district Moradabad. Moradabad has seen 
rapid industrialization and population growth 
during the last few decades. The major 
industries are brassware, steelware, paper 
mills, sugar mills, crushers, dye factories and 
a number of associated ancillaries. Most of 

these industries and different kind of human 
activities are playing their roles in 
multiplying the level of water 
contamination.8-9 

MATERIAL AND METHODS 
Sixteen water quality physico-chemical 

parameters  including conductivity at eight 
different underground drinking water sites of 
different IM2 hand pumps were estimated 
following standard methodology.10-12  

All the chemicals of Anal R grade were 
used for quantitative analysis. For the 
determination of pH, turbidity, conductivity 
and fluoride, Century CP901 pH meter, 
Century nephelometer, RI 215 R 
conductivity meter and Hach 
spectrophotometer 2010 were used 
respectively. A brief description of sampling 
sites selected for quantitative estimation of 
water quality parameters is presented in 
Table 1. 

To find the relationship between two 
parameters x and y, the Karl Pearson’s 
correlation coefficient, r is used and it is 
determined as follows: 

 
n ∑ x y - ∑ x ∑ y 

r              =   ___________________________________                  ----------------(1) 
√   [ n ∑  x2 –  ( ∑ x  )2 ] [ n ∑ y2 – ( ∑ y )2 ] 

 
        here, n = number of data points ; x = values of x–variable ;  
                 y = values of y–variable     
To evaluate the straight–line by linear regression, following equation of straight line can be 
used –  
                   y  =  a x + b                                                                               ----------------(2) 
 
      here, y = dependent variable ; x = independent variable ;  
               a = slope of line; b = intercept on y–axis 
 
                                n ∑ x y - ∑ x ∑ y 
                   a =      ________________ 
                                n ∑  x2 – ( ∑ x  )2                                                           ----------------(3) 
                            _         _  
           and   b =   y  –  a x                                                                             ----------------(4)               
here,     x = mean of all values of x ; y = mean of  all values of y 
To study the correlation between various water quality parameters, the regression analysis 
was carried out using computer software SPSS, version–7.5. 
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Table 1: A brief description of sampling sites 

 

 RESULTS AND DISCUSSION 
Site-wise estimated values of sixteen 

water quality physico-chemical parameters 
with their standards prescribed by W.H.O. 
are presented in Table 2. The comparison of 
evaluated values with W.H.O. standards 
revealed that water of study area is 
contaminated with reference to almost all the 
parameters studied and underground water 

quality management is urgently needed in the 
catchment area of study.13 

Following regression equations were 
obtained by statistical regression analysis of 
data presented in Table 2, taking 
conductivity as dependent variable for all the 
eight data points of underground drinking 
water at Moradabad (India). 

Sl. 
no. 

Site no. and 
name 

Location of site Type of source Apparent 
water quality 

 
1 I,   Dindarpura 2 km East to 

Collectorate 
IM2 Hand Pump, 
complementary 
Source 

Colourless, 
odourless 

2 II,  District Jail 
Road 

1 km West to site 
no. I 

IM2 Hand Pump, 
complementary 
Source 

Turbid, 
odourless 

3 III, Tadikhana 
Gurdwara 

1 km North-West 
to Railway station 

IM2 Hand Pump, 
complementary 
Source 

Colourless 
odourless 

4 IV,Bangla 
Gaon 

1 km South to 
District court 

IM2 Hand Pump, 
only source of 
drinking water 

Colourless, 
objectionable 
odour 

5 V, Jigar Vihar 
Colony 

1 km South to site 
No. IV 

IM2 Hand Pump, 
complementary 
Source 

Turbid, 
colourless 

6 VI, Majholi 2 km South to 
Railway Station 

IM2 Hand Pump,  
only source of  
water 

Highly turbid, 
objectionable 
odour 

7 VII, Buddhi 
Vihar Colony 

1 km South –West 
to site no. I 

IM2 Hand Pump, 
complementary 
Source 

Colourless, 
odourless 

8 VIII, Prakash 
Nagar 

About 1 km South 
to Railway station 

IM2 Hand Pump,  
only source of 
water 

Excessively 
turbid with 
fishy smell 
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Table 2: Site-wise estimated values of water quality physico-chemical parameters 
with their W.H.O. Standards 

 

Sl. 
No. Parameters 

Site 
No. 
I 

Site 
No. 
II 

Site 
No. 
III 

Site 
No. 
IV 

Site 
No. 
V 

Site 
No. 
VI 

Site 
No. 
VII 

Site 
No. 
VIII 

W.H.O. 
Standards 

1. Conductivity 
( Siemens/cm) 1.16 1.41 1.07 0.96 0.82 0.83 0.67 0.97 0.300 

2. Temperature  
( 0 C ) 25.5 25.0 25.5 25.6 25.6 25.7 25.9 25.6 - 

3. pH 7.19 7.20 7.27 7.25 7.38 7.35 7.40 7.30 7.0 – 8.5 

4 Turbidity  
(NTU) 5 6 10 15 23 25 31 18 5.0 

5. Alkalinity  
(ppm) 380 408 370 324 310 314 308 340 100 

6. Hardness  
(ppm) 328 408 328 296 256 224 220 324 100 

7. 
Dissolved 
oxygen 
(ppm) 

1.2 1.0 1.8 2.2 2.8 2.6 3.2 2.8 5.0 

8. 

Biological 
Oxygen 
Demand  
(ppm) 

3.2 3.0 2.2 1.8 1.2 1.4 1.0 1.8 6.0 

9. 

Chemical 
Oxygen 
Demand  
(ppm) 

48 30 58 62 68 52 78 58 10.0 

10. Total Solids  
(ppm) 870 920 622 648 568 544 510 610 500 

11. 
Total 
Dissolved 
Solids  (ppm) 

699 768 524 600 538 516 452 567 500 

12. 
Total 
Suspended 
Solids (ppm) 

171 152 98 48 30 28 58 43 - 

13 Chloride  
(ppm) 80 112 48 60 38 54 28 64 200 

14. Sulphate  
(ppm) 80 110 80 80 50 50 50 50 200 

15. Phosphate 
(ppm) 0.11 0.14 0.29 0.46 0.49 0.37 0.58 0.31 - 

16. Iron (ppm) 0.42 0.40 1.10 1.20 2.10 2.40 1.80 2.20 0.5 
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        Conductivity = -0.853Temperature+22.772                          ------------------(5) 
        n = 8, r = 0.95, F = 52.371, S = 0.08     
       here , n  = number of data points ;  r = correlation coefficient ;                                                          
                 F = variance ratio ;  S = standard error of estimate 
 
        Conductivity = -2.640pH +20.238                                                   -----------------(6) 
        n  = 8, r = 0.906, F = 27.656, S = 0.11 
 
        Conductivity = -0.023Turbidity+1.365                                            -----------------(7) 
        n = 8, r = 0.927, F = 36.472, S = 0.09 
 
        Conductivity = +0.006Alkalinity – 1.046                                        -----------------(8) 
         n = 8, r = 0.958, F = 67.641, S = 0.07  
 
        Conductivity = +0.003Hardness-0.056                                            -----------------(9) 
        n = 8, r = 0.956, F = 63.363, S = 0.07 
 
        Conductivity = -0.270Dissolved Oxygen+1.579                             ----------------(10) 
        n = 8, r = 0.936, F = 42.750, S = 0.08  
 
        Conductivity = +0.266Biological Oxygen Demand +0.467            ----------------(11) 
         n = 8, r = 0.927, F = 36.419, S = 0.09 
 
        Conductivity = -0.015Chemical Oxygen Demand+1.816                ---------------(12) 
         n = 8, r = 0.905, F = 27.107, S = 0.11 
 
        Conductivity = +0.001Total Solids+0.048                                        ---------------(13) 
         n = 8, r = 0.928, F = 37.493, S = 0.09 
 
        Conductivity = +0.002Total Dissolved Solids-0.205                       ---------------(14) 
        n = 8, r = 0.918, F = 32.064, S = 0.10 
        
        Conductivity = +0.003Total Suspended Solids+0.723                    ----------------(15)          
        n = 8, r = 0.809, F = 11.379, S = 0.15    
         
        Conductivity = +0.008Chloride+0.489                                            ----------------(16) 
        n = 8, r = 0.930, F = 38.678, S = 0.09 
 
        Conductivity = +0.009Sulphate+0.343                                            ----------------(17) 
        n = 8, r= 0.904, F = 26.784, S = 0.11 
 
        Conductivity = -1.240Phosphate+1.411                                          ----------------(18) 
        n = 8, r = 0.889, F = 22.531, S = 0.11 
 
        Conductivity = -0.237Iron+1.330                                                    ----------------(19) 
        n = 8, r = 0.81, F = 11.53, S = 0.15        
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Critical analysis of above regression 
equations reveals following facts regarding 
correlation studies where conductivity is 
taken as a dependent variable. 

Conductivity shows highly significant 
correlation with thirteen physico-chemical 
water quality parameters namely 
temperature, pH value, turbidity, alkalinity, 
hardness, dissolved oxygen, biological 
oxygen demand, chemical oxygen demand, 
total solids, total dissolved solids, chloride, 
sulphate and phosphate concentration of 
water with value of regression coefficient, r 
more than 0.90 i.e. there is more than 90% 
association in data. This correlation 
coefficient measures the degree of 
association or correlation that exists in 
between the two variables. The greater the 
value of it, the better is the fit and more 
useful the regression variables. The value of 
variance ratio, F is high and standard error of 
estimate, S is also low and these are 
necessary requirements for significant 
correlation. 

 Moderately significant correlation of 
conductivity with amount of total suspended 
solids and iron concentration of water with 
value of r equal to 0.80 i.e. 80% association 
or correlation in data is noticed during the 
course of study. 

CONCLUSION 
On the basis of above discussion and 

regression equations it may be concluded 
that conductivity of water is an important 
water quality parameter as it is significantly 
correlated with thirteen out of fifteen studied 
physico-chemical parameters in the study 
area. The parameters are temperature, pH 
value, turbidity, alkalinity, hardness, 
dissolved oxygen, biological oxygen 
demand, chemical oxygen demand, total 
solids, total dissolved solids, chloride, 
sulphate and phosphate. Moderately 
significant correlation of conductivity with 
rest two studied parameters namely total 

suspended solids and iron concentration can 
not be overlooked. 

Since the other parameters and their 
functions can be explained by using these 
conditions, utilization of such methodology 
will thus greatly facilitate the task of rapid 
monitoring of the status of pollution of water 
economically. The most important part of 
any pollution study is to suggest some 
effective way for water quality management 
and on the basis of present study it may be 
suggested confidently that the underground 
drinking water quality of study area can be 
checked effectively by controlling 
conductivity of drinking water. Present study 
may be treated one step forward towards the 
water quality management. 
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