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1. Introduction 
Water is one of the abundantly available substances in nature. Pollution of land, water and air through water generated as a result of 
increasing is a challenge of serious dimensions. The main purpose of water analysis is to evaluate methods of treatments of ground 
water with to reuse or dispose, ascertain quality of water. Correlation among water quality parameters in specific environmental 
condition have been shown to be useful [1]. Recently, there has been an increased public concern and interest in the quality of ground 
water due to ever increasing growth of population. The quality of ground water is usually characterized in terms of certain water 
quality constituents according to its physical, chemical and microbiological properties [2] .Since chemical characteristics of ground 
water are interlinked, regression equations have been widely developed and used to predict the concentration of other constituents[3]. 
 
2. Methodology 
Water samples were collected from Budhabalanga river of Balasore. The water samples were collected in every months. The 
correlation coefficient (r) among 23 water quality parameters, such as Chloride, Nitrate, sulfate, sulfide, phosphate, Nickel, Lead, 
Chromium, Cobalt, Zinc, Manganese, Iron, Turbidity, pH, electrical conductivity, Total alkalinity, Total hardness, calcium, 
magnesium, TDS, Sodium, Potassium, DO. of different categories of waters samples were calculated. The sampling of water was 
carried out during the period of one year (December-2012 to November-2013). The water samples were collected by holding glass 
stoppered sterile bottle near its base in the hand and plugging it and transported in the laboratory in an ice-box to avoid unpredictable 
changes in physico-chemical characteristic after measuring temperature. Physico-chemical analysis for water were done following the 
standard methods by APHA[4]. 
 
2.1. Correlation coefficient and Linear Regression 
Correlation coefficient ‘r’ has been calculated between each pair of parameters by using experimental data [5]. Let X and Y be the two 
variables, then the correlation ‘r’ between the variables X and Y is given by 
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Abstract: 
A systematic calculation of correlation coefficients among water quality constituents for ground water samples of Balasore 
town has been carried out. The regression equations have been developed and their utility has been discussed to predict the 
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If the values of correlation coefficient ‘r’ between two variables X and Y are fairly large it implies that these two variables are highly 
correlated. In such cases it is feasible to try linear relation of the form : 
Y = AX + B 
To correlate X and Y, where A and B are the constants.  
For high ‘r’ values linear equation is found for two variables X and Y i.e. the concentration of certain parameters can be predicted 
when one is determined. 
 
3. Result and Discussion 
Four samples were taken from ground waters of Balasore town planning area. The correlation coefficient (r) among 23 water quality 
parameters, such as Chloride, Nitrate, sulfate, sulfide, phosphate,  Nickel, Lead, Chromium, Cobalt, Zinc, Manganese, Iron, Turbidity, 
pH, electrical conductivity, Total alkalinity, Total hardness, calcium, magnesium, TDS, Sodium, Potassium, DO. of different  
categories of waters samples were calculated. The value of ‘r’ in positive correlation was between 0 to 0.99 and for negative 
correlation 0 to 0.99. 

 For open well water of eastern part of Balasore, there was some negative correlation between sulfide and total alkalinity (r = -
0.806). There were some positive correlation between E.C. and TDS (r = 0.994), total alkalinity and potassium (r = 0.884), 
total hardness and calcium (r = 0.952). 

 For open well water of eastern part of Balasore, there were some positive correlations between chloride and sodium (r = 
0.841), lead and turbidity (r = 0.834), E.C. and TDS (r = 0.989), total hardness and calcium (r = 0.990). 

 For tube well water of eastern part of Balasore, there were some positive correlations between chloride and total alkalinity (r 
= 0.910), sulfate and magnesium (r = 0.835), E.C. and TDS (r = 0.985), total hardness and calcium (r = 0.828). 

 For tube well water of western part of Balasore, there were some positive correlations between sulfide and TDS (r = 0.824), 
E.C. and TDS (r = 0.987), total hardness and calcium (r = 0.842). 

Scatter plots were drawn for positive correlation and negative correlation (Fig. 1 to 6). 
Table-1 to 9 showed maximum, minimum, range, median, standard deviation of different parameters. A simple regression equation Y 
= AX+ B for only strong correlation    values between the pairs of parameters X and Y followed by regression coefficients A and B 
separately. After developing the regression equation different depended parameters were calculated [7]. 
The regression equations developed by taking different water quality parameters as dependent variable and other parameters are 
independent variables. The higher ‘ r ‘ values indicate better performance of relationship and suitability in predicting the dependent 
variables[2].  
 
4. Conclusion 
At a few sites drinking water is moderately polluted and some areas highly contaminated .It is concluded that the linear regression 
equations developed between various water quality constituents and electrical conductivity can be successfully used for predicting the 
concentration of various parameters [6].   Similar approach can tried for other regions of the country for predicting water quality. 
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 Minimum Maximum Range Mean Median Std. Deviation Variance 
Chloride 38.30 105.25 66.95 76.3537 84.0800 23.39778 30.64394 
Nitrate .101 7.782 7.681 3.25933 3.04150 2.972909 91.21227 
Sulfate 9.60 42.40 32.80 22.2433 20.0600 10.20520 45.87988 
Sulfide .16 .25 .09 .2000 .2000 .02887 14.435 

Phosphate .002 .600 .598 .10400 .00800 .220487 212.0067 
Fluoride .241 .528 .287 .43000 .52100 .163716 38.07349 
Nickel .001 .002 .001 .00157 .00200 .000535 34.07643 
Lead .011 .250 .239 .07983 .06350 .062700 78.5419 

Chromium .000 .011 .011 .00200 .00000 .004427 221.35 
Cobalt .000 .018 .018 .00883 .01050 .007387 83.65798 
Zinc .000 .112 .112 .03133 .02350 .034618 110.4947 

Manganese .628 2.450 1.822 1.36167 1.08350 .584908 42.95519 
Iron .020 .375 .355 .17042 .13500 .122631 71.9581 

Turbidity 2.00 8.00 6.00 4.5833 4.0000 1.84432 40.24 
Ph 6.830 7.580 .750 7.08833 7.02000 .228546 3.224257 

Ele. Conductivity 565 1420 855 855.83 825.00 231.122 27.0056 
Total Alkalinity 23.060 88.210 65.150 58.68667 60.05000 16.886583 28.77414 
Total Hardness 23.177 106.670 83.493 78.69092 86.25700 26.774661 34.0251 

Calcium 14.429 85.320 70.891 63.15358 70.94900 24.061655 38.10022 
Magnesium 7.620 35.964 28.344 15.78650 13.52000 8.309780 52.63852 

TDS 367.25 923.00 555.75 553.1708 531.9250 154.89640 28.00155 
Sodium 38.30 71.40 33.10 51.2000 51.6500 11.89721 23.23674 

Potassium 6.20 43.00 36.80 19.7333 18.4000 9.79483 49.63605 
DO 3.82 6.20 2.38 5.3742 5.5350 .72634 13.51531 

Table 1: Statistical Data for water quality parameters of open well water of eastern part of Balasore (S1) 
 

 Minimum Maximum Range Mean Median Std. Deviation Variance 
Chloride 28.90 130.17 101.27 72.3574 58.2840 31.18841 43.10328 
Nitrate .123 7.801 7.678 3.42200 2.80600 3.136230 91.64904 
Sulfate 14.30 36.80 22.50 23.1208 23.3800 7.42840 32.12865 
Sulfide .14 .28 .14 .1962 .2000 .04689 23.89908 

Fluoride .239 .516 .277 .42033 .50600 .157119 37.37992 
Nickel .001 .002 .001 .00129 .00100 .000488 37.82946 
Lead .010 .104 .094 .05192 .04750 .031085 59.87096 

Chromium .000 .009 .009 .00192 .00100 .002678 139.479 
Cobalt .000 .016 .016 .00700 .00800 .005410 77.285 
Zinc .000 .132 .132 .04158 .03400 .041897 100.7624 

Manganese .033 2.010 1.977 .75400 1.03500 .641888 85.13103 
Iron .010 .390 .380 .15917 .13000 .115086 72.30383 

Turbidity 2.00 7.50 5.50 4.6250 4.2500 1.70727 36.91395 
pH 6.780 7.610 .830 7.19000 7.17500 .199909 2.780376 

Ele. Conductivity 548 980 432 820.25 837.50 116.817 14.24163 
Total Alkalinity 25.530 82.850 57.320 51.40000 49.27500 19.382900 37.70992 
Total Hardness 30.902 143.856 112.954 88.11250 87.21000 31.985406 36.30065 

Calcium 19.238 132.192 112.954 74.71583 73.74000 32.718028 43.78995 
Magnesium 4.860 18.920 14.060 12.80467 12.46700 4.459041 34.82355 

TDS 323.32 656.60 333.28 534.9725 555.0500 92.78036 17.34301 
Sodium 28.90 70.60 41.70 50.6000 47.0000 14.19885 28.06097 

Potassium 6.00 20.80 14.80 11.2667 10.8000 4.66658 41.41923 
DO 4.01 6.24 2.23 5.4542 5.7350 .66105 12.12002 

Table 2: Statistical Data for water quality parameters of open well water of western part of Balasore (S2) 
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 Minimum Maximum Range Mean Median Std. Deviation Variance 
Chloride 15.66 27.20 11.54 23.5008 25.0380 3.98700 16.96538 

Nitrate .081 2.362 2.281 .88333 1.04300 .740588 83.84047 

Sulfate .04 30.56 30.52 9.0667 7.1900 8.62293 95.1055 
Sulfide .12 .65 .53 .2778 .1800 .20185 72.66019 
Fluoride .424 .662 .238 .55833 .58900 .121928 21.83798 

Nickel .001 .003 .002 .00163 .00150 .000744 45.64417 
Lead .000 .102 .102 .04075 .03350 .035765 87.76687 

Chromium .000 .004 .004 .00217 .00200 .001467 67.603 
Cobalt .000 .064 .064 .02483 .01550 .024041 96.822 
Zinc .001 .041 .040 .01608 .01250 .011221 69.78234 

Manganese .018 .212 .194 .13200 .14750 .076300 57.80303 
Iron .045 .540 .495 .21042 .16750 .149840 71.20996 

Turbidity 3.00 8.00 5.00 5.4833 5.4000 1.42499 25.98782 
pH 6.860 7.400 .540 7.14000 7.19000 .173100 2.42437 

Ele. 
Conductivity 

256 560 304 435.75 440.00 89.262 20.48468 

Total 
Alkalinity 

28.800 72.320 43.520 54.61833 55.86000 13.632893 24.96029 

Total Hardness 36.055 76.044 39.989 56.59417 55.12500 12.662804 22.37475 

Calcium 22.445 60.350 37.905 42.33400 41.98500 9.977923 23.56953 
Magnesium 8.420 35.964 27.544 14.22683 13.11000 7.132023 50.1308 

TDS 143.36 344.72 201.36 254.6917 266.7000 59.23753 23.25852 
Sodium 12.10 21.30 9.20 15.5125 14.3500 3.47969 22.43152 

Potassium .70 1.90 1.20 1.2767 1.3000 .31026 24.30172 
DO 5.08 6.25 1.17 5.6708 5.7700 .36763 6.48286 

Table 3: Statistical Data for water quality parameters of Tube-well water of eastern part of Balasore (S3) 
 

 Minimum Maximum Range Mean Median Std. Deviation Variance 
Chloride 7.83 29.92 22.09 19.2292 17.7525 6.21288 32.30961 
Nitrate .060 6.752 6.692 1.78942 1.26750 2.135686 119.3507 
Sulfate .00 19.44 19.44 8.7725 8.5500 5.91867 67.46845 
Sulfide .14 .62 .48 .2838 .1800 .20894 73.62227 

Fluoride .421 .648 .227 .55667 .60100 .119818 21.52406 
Nickel .001 .002 .001 .00140 .00100 .000548 39.14286 
Lead .001 .101 .100 .03350 .02500 .032498 97.00896 

Chromium .000 .010 .010 .00225 .00200 .002633 117.023 
Cobalt .000 .052 .052 .02242 .01400 .021219 94.643 
Zinc .003 .056 .053 .02567 .02550 .015400 59.99221 

Manganese .011 .210 .199 .09217 .10600 .057859 62.77422 
Iron .042 .280 .238 .14083 .12000 .084029 59.66697 

Turbidity 3.00 7.00 4.00 5.5583 6.0000 1.20413 21.66364 
pH 6.850 7.430 .580 7.07917 7.10000 .176040 2.486732 

Ele. Conductivity 270 540 270 400.17 395.00 90.725 22.67161 
Total Alkalinity 24.032 62.450 38.418 45.09558 47.52000 11.825190 26.2225 
Total Hardness 41.885 63.930 22.045 51.15500 48.43500 7.596417 14.8498 

Calcium 22.445 48.920 26.475 37.90767 37.87000 6.979639 18.41221 
Magnesium 8.750 19.440 10.690 13.49733 11.63500 4.366577 32.35141 

TDS 153.90 351.00 197.10 237.5508 229.1000 66.87153 28.15041 
Sodium 9.20 52.10 42.90 15.1500 12.0500 11.71390 77.31947 

Potassium .60 1.48 .88 1.1867 1.2000 .22293 18.78571 
DO 4.15 6.12 1.97 5.1458 5.0300 .61156 11.88464 

Table 4: Statistical Data for water quality parameters of Tube-well water of western part of Balasore (S4) 
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Table 5: Correlation coefficient ‘r’ among various parameters of Open-well water of Eastern part of Balasore 
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Table 6: Correlation coefficient ‘r’ among various parameters of Open-well water of Western part of Balasore 
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Table 7: Correlation coefficient ‘r’ among various parameters of Tube-well water of Eastern part of Balasore 
 
 

 

C
hl

or
id

e 

N
itr

at
e 

Su
lfa

te
 

Su
lfi

de
 

N
ic

ke
l 

Le
ad

 

C
hr

om
iu

m
 

C
ob

al
t 

Zi
nc

 

M
an

ga
ne

se
 

Ir
on

 

Tu
rb

id
ity

 

pH
 

El
e.

 C
on

d 

To
ta

l 
A

lk
al

. 

To
ta

l H
ar

d 

C
al

ci
um

 

M
ag

ne
siu

m
 

TD
S 

So
di

um
 

Po
ta

ss
iu

m
 

D
O

 

C
hl

or
id

e 

1.
00

0                      

N
itr

at
e 

0.
68

5 

1.
00

0                     

Su
lfa

te
 

-0
.0

45
 

0.
26

7 

1.
00

0                    

Su
lfi

de
 

-0
.1

54
 

-0
.2

55
 

0.
23

8 

1.
00

0                   

N
ic

ke
l 

0.
02

5 

0.
21

2 

0.
38

5 

-0
.1

57
 

1.
00

0                  

Le
ad

 

0.
15

7 

-0
.0

53
 

-0
.6

06
 

-0
.4

71
 

0.
04

8 

1.
00

0                 

C
hr

om
iu

m
 

0.
53

7 

0.
56

5 

-0
.1

62
 

-0
.1

71
 

0.
35

9 

0.
21

0 

1.
00

0                

C
ob

al
t 

0.
67

9 

0.
64

9 

-0
.1

80
 

-0
.5

04
 

0.
09

2 

0.
31

4 

0.
50

2 

1.
00

0               

Zi
nc

 

-0
.3

74
 

-0
.6

51
 

-0
.3

83
 

0.
09

3 

-0
.3

77
 

0.
25

6 

-0
.4

10
 

-0
.4

99
 

1.
00

0              



   www.ijird.com                                          May, 2014                                             Vol 3 Issue 5 
  

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 599 
 

M
an

ga
ne

se
 

-0
.4

81
 

-0
.5

67
 

0.
03

7 

0.
40

0 

0.
08

3 

-0
.2

48
 

-0
.3

19
 

-0
.4

64
 

0.
20

6 

1.
00

0             

Ir
on

 

-0
.1

37
 

-0
.5

52
 

-0
.5

89
 

-0
.2

39
 

-0
.3

07
 

0.
31

2 

-0
.1

43
 

-0
.0

87
 

0.
48

0 

0.
16

6 

1.
00

0            

Tu
rb

id
ity

 

-0
.1

00
 

0.
29

4 

0.
60

8 

-0
.2

15
 

0.
48

5 

0.
15

5 

0.
00

9 

-0
.1

22
 

-0
.2

25
 

-0
.1

69
 

-0
.4

03
 

1.
00

0           

pH
 

0.
56

2 

0.
18

6 

-0
.0

38
 

-0
.4

62
 

-0
.3

48
 

0.
18

9 

-0
.1

84
 

0.
41

6 

0.
09

9 

-0
.4

71
 

0.
18

7 

-0
.0

70
 

1.
00

0          

El
e.

 C
on

d 

-0
.1

65
 

0.
07

6 

0.
30

2 

0.
76

4 

-0
.1

91
 

-0
.4

72
 

-0
.1

34
 

-0
.1

24
 

-0
.1

09
 

0.
05

5 

-0
.4

53
 

-0
.1

46
 

-0
.4

15
 

1.
00

0         

To
ta

l A
lk

al
. 

0.
31

5 

0.
06

3 

0.
41

8 

0.
42

8 

-0
.2

44
 

-0
.2

98
 

-0
.3

09
 

-0
.1

29
 

-0
.1

99
 

-0
.0

41
 

-0
.4

37
 

0.
05

9 

0.
38

0 

0.
22

6 

1.
00

0        

To
ta

l H
ar

d 

0.
43

4 

0.
12

0 

-0
.0

53
 

0.
54

1 

-0
.2

76
 

-0
.2

97
 

0.
15

7 

0.
20

1 

-0
.3

36
 

0.
19

5 

0.
13

3 

-0
.4

76
 

-0
.0

20
 

0.
38

9 

0.
32

2 

1.
00

0       

C
al

ci
um

 

0.
47

2 

0.
28

8 

-0
.2

20
 

0.
25

5 

-0
.3

10
 

-0
.0

12
 

0.
39

5 

0.
52

1 

-0
.4

40
 

-0
.1

56
 

0.
12

9 

-0
.4

12
 

0.
01

8 

0.
36

8 

0.
09

5 

0.
84

2 

1.
00

0      

M
ag

ne
si

um
 

-0
.0

17
 

-0
.2

70
 

0.
21

2 

0.
50

2 

-0
.0

31
 

-0
.4

63
 

-0
.3

87
 

-0
.5

48
 

0.
12

8 

0.
61

2 

0.
01

7 

-0
.1

47
 

-0
.0

57
 

0.
00

0 

0.
45

9 

0.
35

0 

-0
.2

00
 

1.
00

0     

TD
S 

-0
.1

89
 

-0
.0

04
 

0.
26

2 

0.
82

4 

-0
.1

70
 

-0
.4

47
 

-0
.1

58
 

-0
.1

71
 

-0
.0

87
 

0.
16

9 

-0
.4

46
 

-0
.1

85
 

-0
.4

64
 

0.
98

7 

0.
26

5 

0.
42

2 

0.
35

5 

0.
08

8 

1.
00

0    

So
di

um
 

-0
.0

86
 

-0
.0

80
 

0.
54

4 

-0
.1

49
 

0.
48

1 

-0
.3

23
 

-0
.3

31
 

-0
.2

87
 

0.
15

8 

0.
17

9 

-0
.0

41
 

0.
33

2 

0.
20

3 

-0
.3

04
 

0.
04

7 

-0
.3

72
 

-0
.6

92
 

0.
43

9 

-0
.3

13
 

1.
00

0   

Po
ta

ss
iu

m
 

-0
.5

50
 

-0
.5

81
 

0.
06

1 

0.
31

1 

-0
.6

21
 

-0
.3

47
 

-0
.7

28
 

-0
.4

90
 

0.
62

6 

0.
19

5 

0.
17

3 

-0
.2

83
 

0.
11

3 

0.
36

9 

0.
15

0 

-0
.1

28
 

-0
.2

26
 

0.
11

6 

0.
35

2 

0.
08

7 

1.
00

0  



   www.ijird.com                                          May, 2014                                             Vol 3 Issue 5 
  

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 600 
 

D
O

 

-0
.0

43
 

-0
.1

83
 

-0
.0

77
 

-0
.2

82
 

0.
11

2 

-0
.0

04
 

-0
.0

77
 

0.
41

4 

-0
.3

13
 

-0
.1

18
 

0.
28

2 

-0
.3

01
 

0.
18

7 

-0
.0

67
 

-0
.1

10
 

0.
11

6 

0.
30

3 

-0
.3

72
 

-0
.0

79
 

-0
.0

64
 

0.
01

6 

1.
00

0 

Table 8: Correlation coefficient ‘r’ among various parameters of Tube-well water of Western part of Balasore 
 
 

Category of  
water sample 

X Y A B r Regression equation 
Y=AX+B 

Open well water of 
eastern part of Balasore 

E.C. TDS 0.666 -16.807 0.994 TDS=0.666 (EC) – 16.807 

 Total 
alkalinity 

Potassium 0.5129 –10.37 0.884 Potassium = 0.5129  
(Total alkalinity) – 10.37 

 Total 
hardness 

Calcium 0.8554 -4.1621 0.952 Calcium = 0.855  
(Total hardness) – 4.1621 

Open well water of 
western part of Balasore 

Chloride Sodium 0.388 21.61 0.841 Sodium = 0.386  
(chloride) + 21.61 

 Lead Turbidity 45.83 22457 0.834 Turbidity = 45.83  
(Lead) + 2.2457 

 EC TDS 0.785 –109.1 0.989 TDS = 0.785  
(EC)  – 109.14 

 Total 
hardness 

Calcium 1.0127 -14.519 0.990 Calcium = 1.0127  
(Total hardness) – 14.519 

Tube well water of 
eastern part of Balasore 

Chloride Total 
alkalinity 

3.111 -18.511 0.910 Total alkalinity = 3.111 
(Chloride) – 18.511 

 Sulfate Magnesiu
m 

0.691 7.9616 0.835 Magnesium = 0.691 
 (sulfate) + 7.9616 

 EC TDS 0.6539 -30.261 0.985 0.6539 (EC) – 30.261 
 Total 

hardness 
Calcium 0.6524 5.414 0.828 Calcium = 0.6524  

(Total hardness) + 5.414 
Tube well water of 

Western part of Balasore 
Sulfide TDS 302.2 157.72 0.824 TDS = 302.21 (Sulfide) + 157.72 

Table 9: Least square fitting for linear relation Y = AX+B (X and Y = Parameters,  
A and B = regression coefficient, r = correlation coefficient) 

 

  
Fig. 1: Linear plot between observed E.C. and TDS of open-well water of western part of Balasore 

Fig. 2: Linear plot between observed E.C. and TDS values of open-well water of eastern part of Balasore 
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Fig. 3: Linear plot between observed Total Hardness values of open-well water of western part of Balasore 

Fig. 4: Linear plot between observed Chloride and Total and Calcium Alkalinity values of Tube-well water of eastern part of Balasore 
 

 
Fig. 5: Linear plot between observed E.C. and TDS values of Tube-well water of western part of Balasore 


