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CHAPTER III

STUDY OF PHYSICO-CHEMICAL PARAMETERS

3.1 Introduction

Water is an excellent solvent and transport medium for all body fluids of every 

living organism and hence a vital resource to human beings. It assists in carrying 

nutrients to desired organs in the body and during return journey, it carries waste 

products for disposal through lungs and kidney. A list of characteristics of good water 

would indeed be exhaustive. (Meyer, 1984). It would be a futile academic exercise to list 

out its dissolved constituents and their acceptability would certainly depend upon the end 

use, such as drinking, industrial, agricultural, institutional etc.

There is increasingly greater evidence of the progressive deterioration of the 

water quality not only in India but all over the world. In India, in particular, rural and 

urban areas present two contrast situations. In rural areas, a water body is normally used 

for all kinds of human requirements, such as bathing, washing, swimming, waste disposal 

and often for drinking too. There are many studies made on surface and ground water 

quality. But no attempt has yet been made in south Maharashtra to document the quality 

of ground water situated in rural areas on the boundary of a growing city, where large 

population depends on diverse sources for drinking water requirements. This scenario is 

very common through out the country.

The dissolved organic and inorganic chemicals in water persist over a long period 

in nature and have the potential of creating toxicity problems of unimagined dimensions 

(Cormpton, 1985). The increasing pollution in natural water has intensified detection, 

frequency and persistence of pathogenic micro-organisms (Barge and Pagano, 1970). 

Also, contaminated water may harbour several bacteria capable of causing diseases such 

as typhoid, dysentery, diarrhoea and cholera in human beings.

As the water seeps through the earth it is often filtered quite effectively so that at 

some depth there are few bacteria remaining. If this water is brought to the surface by
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properly constructed well, there is little likelihood of any harmful bacteria being present. 

There is general belief that the ground water is cleaner and therefore safer for drinking 

purpose. However, that may not always be true, particularly in the present times of heavy 

pollution.

Water sampling and analysis form an important part of any water pollution 

control programme because the identification of the pollutants and pinpointing their 

concentrations are vital to the selection of the quality of water body. Thus considering all 

these facts water analysis was carried out during course of study.

Ground water samples were collected from fourteen different sites (depth 

roughly 50 to 200 fit) located in various parts of these four villages around Kolhapur city. 

Three tap water samples from KMC water supply and two from Grampanchayat water 

supply were collected for the sake of comparison. Attempts were made to monitor 

seasonal changes in their values and study correlation if any. The actual values of all 

physico-chemical parameters at each sampling site are given in Table-5 (Hand pumps), 

Table-6 (bore wells), Table-7 (Open wells), Table-8 (KMC taps) and Table-9 

(Grampanchayat water supply). The overall average vales of fourteen physico-chemical 

parameters for the five potable water categories are given in Table-10.

Also the correlation analysis of the water quality data has been carried out and 

the correlation coefficient (r) between 14 physicochemical parameters have been 

computed. The correlation coefficient (r) for various correlations are presented in Table 

11 in the form of Correlation Matrix. Except few, many correlations are found to be 

good to excellent.

3.2 Physico- chemical Parameters:

3.2.1 pH

pH of the solution is referred to its hydrogen ion activity. It is defined as the 

negative logarithm of concentration of hydrogen ion. pH is the measure of the intensity of

31



H
P1

 HP2 
H

P3
 HP4 

H
P5

 BR1 
BR

2 BR3 
B

R
4 BR5 

B
R

6 Wei
ll Wel

l2
 Wel!3

 CP1 
C

P2
 CP3 

G
P1

 GP2
Sa

m
pl

in
g  

Si
te

s

• m
in

i * ma
xi

 - Avg
6.

4

6.
6

6.
8

• 
•

A 
•

7.
2 :

X C
l

7.
4 T

 *
7.

6 4
-

7.
8 r

8.
2

Fi
gu

re
 2:

 M
in

im
um

, m
ax

im
um

 an
d 

av
er

ag
e 

va
lu

es
 o

f p
H

 a
t 1

9 
si

te
s 

du
rin

g 
th

re
e 

se
as

on
s.



Pa
ra

m
et

er
s

1 N
itr

at
e j

o>2
CO CO

00 10
.2

10
.1 ’M'

V* 15
.8 to

00 10
.2

12
.8 to

id 10
.2 CO

cd
00
id

CD
co od

0
S‘uO
£
o

j
o>2

03
COm

CM
'M*00

’M'
CM
p

oq
T~
rt

CO
cdco

T~ ooo
CO

00
00
CO

V“
T"

co
d
00

00
od
00

iq
■^PO)

P
CM
CM

in
id
CM

od
CM

4
E
w
<

dO)2

o
o
CM
CO

o
tp
T~
CM

o
o
CO

odoo
v—

o
d
CM

o
oo
CM

o
d
to
r-

o
idco
T“-

o
o
05

0
id
toco

0
id
00
v~

O
d
03
CO

O
id
0

0
id
CM

a
d

Cfl
Q
1-

d
O)
2

o
d
CM
co

O
o
co
CM

o
d

p

O
o

CM

o
o
O)
CM

o
o
co
CM

O
d
CO
CO

o
d
to

o
o
^r
CM

0
d
CM
M"

0
d
to

0
d

LO

0
d
co
CM

O
d
co
CM

0
d
03
T“

C/>
1—

_J
D)5

o
o

oo

O
d
03

o
o
00
03

O
d
v-
m

o
d
p
co

O
o
co
00

o
o
co
co

o
d
co
co

o
d
V“
p

O
d
p
00

0
d
co
co

0
d
p
10

O
d
LO
CO

O
d

M-

O
d

in

o
d

3
0)
s

CM
co

CD CM o
CM CM

q o
CM

CD <D
r—

CD
T—

CO
v—

M;
CM

M;
c\i

to
T—

CD
cd

w
o
o

J
•*"»«
O)
s

CM
id
CO

CD
O
CD

o
Tp

o
cd
co

■sp
co

to
p

co
o
ro

o
cd
co

CM
cd

O
cd
co

q
cd
co

CM
cd

M-
to
CM

00
03
CO

CM
cd

+
+
O)
2

D)
s

00
(O

o
to
CO

o
p

CD
CD
CO

oo
CM
MC

CO

co

lO
o
co

p
tP
co

p
cd
co

03
id
to

co

00

00
cd
p

CM
03

in
d
CM CM

+
+
03
o

_J

2
CO
pi

T—
CD
o>

cd
03

CM
03
CO

P
V*
CO

oq

M"

q̂
r

03
CM
to

co
v—
in

to
to
CM
T“*

in
id
LO
v—

0
d
to

00
^P
CM

CM
P
CM

(D
05
CM

W
to
0 
c
1 
03 
X

dro
2.

o
d
CD
CM

o
cd
to
CO

o
cd
00
CO

O
o
03

o
CD
CO
CM

o
to
p
T—

o
o
p

O
to
03

o
d
03
T~

O
od
05
co

0
CM
O
LO

q

CO
"?P

q

0

O
CM
T~
V”

O
CO
v—
v~

if
H5
'■e
3

1—

S
H
Z

00
cd
CM

CM
d
CM

CO

CM

to
id
v~

00
00
CM

co
CM

o
CD

CO
cd
CM

CO
Xp
CO

CO
d
CM

M"
CM
CO

to
cd
co

■M;
^P
CM

co
od
CM

CD
05
CM

d
ui

?
O
(/>
0
X2
3-

o
ai
CO
to

o
to
■M-
to

o
o
to
to

o
id
o
CO

O
p
CM
’M*

o
id
to
M*

o
03
LO
CO

O
CM
CO
CO

o
o
p
CO

0
d
’sr
p

O
P
03
03

0
d
CM
M"

q

03

0
CM
CO
CM

O
CO
in
CM

a
E
o
l-

oo
ocd
CM

q
oo
CM

ocd
CM

o
N.'
CM

o
oo
CM

O
03
CM

o
p
CM

o
cd
CM

o
00
CM

q
P*
CM

0
CO
CM

O
03
CM

O
id
CM

O
od
CM

0
od
CM

X
a

CO
P p

p
P

to
p

IDK P
P

COp T“
P

CD
N-'

051^ COp O
od

00p CM
P

CM
P

H
an

d P
um

ps

coV)rc
0)to

u48c
§

w
0
E
E
3w

>*c
'C3
OC

u
&c
i

V.
0
E
E
3

CO

>s
C*«

OC

u0
+-»c
i

Wa>
E
E
3

CO

>»c
'0
oc

usc
§

wa>£
E
3co

>%c
‘03
01

u
0+-i
C
§

w
0
E
E
3co

>*
C
'0
OC

0)
CO

6z
a
X

CMa.
X

COOL
X

M'a.
X

10a.
X

0)osJ5
i

0
w
O2

0JQrow
0*o
05
0

CD

1>
0O
OS
0

'■5
3

Ta
bl

e 5
. Se

as
on

al
 v

al
ue

s o
f th

e p
hy

sic
o-

ch
em

ic
al

 pa
ra

m
et

er
s fro

m
 Ha

nd
 P

um
ps

 in
 th

e s
tu

dy
 a

re
a.



N
itr

at
e

I (Mg
/L

) |
1 

5.
6 

|

8.
4 CM

CD 8.
2

15
.8 o

V** 5.
2

I 6.8 
|

I 5.6 
|

26
.2

28
.8

30
.4

5.
8

8.
5 CM

00 25
.8 00

CM

I 29.0
 

|

Pa
ra

m
et

er
s

C
hl

or
id

e

2
to
05h-

| 112
.8

 |

00
O05 66

.7
86

.0
I 73-8

 
]

I 72.4 
|

I 93.5
 

|

I 79.5
 

|

| 
63

.9
 

|

79
.5

I 73.8
 

|

izz

| 
26

.9
 I 00

0)
CM 21

1.
5 

|

| 224
.3

 |
| 232

.0
 i

Al
ka

lin
it 5

cn
S
>

q
cm
CO

| 270
.0

 | O
oCO

I 252
.0

 |
I 212

.0
 |

I 360
.0

 !
| 212

.0
 |

I 250
.0

 I o
oo

o
do
CO

| 275
.0

 j
| 290

.0
 | O

o
CM

I 145
.0

 |
| 175

.0
 I

13
5.

0
| 155.

0 |
| 165

.0

<0
Q
H

■&
s

o
o
o
CO

I 31
0.

0 | | 009Z 
I 1 61

0.
0 |

| 52
0.

0 ] O
o
00
CO

009S
oozz

O
o
CO
CO

I 27
0.

0 |
1 37

0.
0 i

| 24
0.

0 !
I 25

0.
0 o

o
N-

o
o
00

o
d
00
CO

11
12

0.
0

11
31

0.
0

CO
h"

?

o>
2

| 830
 |

I 610
 |

I 107
0 | O

o

I 
0 09S 

I

I 00S
8 

I

O
o
CO
CO

o
o
CO

| 87
0.

0 j
| 41

0.
0 ] o

o
CO
M'

| 
0 0S

9 
I | 32

0.
0 |

I 28
0.

0 I o
d
o
CO

o
o
O)
00

I 16
10

.0
 I

| 15
80

.0
 |

o
d

| (M
g/

L)
 |

csi
q
T”

l 3.7
.1

I 6.1
0 I I 

9'S J
T*
cd

I 5.7 
| I 

9'S 
I I 6.2 

|

f2
.8

 l
r 3

.6
 i

I 2.0 
|

q -

I 2.4 
|

I 5.2 
|

I 5.6 
|

o
cd

1 
zoo 

1 | (Mg
/L

) |
| 

57
.2

 
| I 

on 
! 1 

64
.2

 
| | 

90S 
j I 70.4

 I
I  58.1

 
|

I 26-4
 j I 

O
S

S 
| I 33.5

 
|

| 
35

.2
 

|

1'
 24.

2 
|

00
cd

l 13.2 
]

| 
19

.8
 I

I 8.8 
|

| 
15

.4
 

]

o
cd

I 17.6
 

|

+
♦
U>
S

3
O)
2

| 64
.9

 |
| 75.

5 |
1 72.

3 |
I 75.

5 |
I 71.

1 |
| 62.

3_
I

| 40.
9 |

I 75.
5 |

| 68
.2

 |
I 57.

6 |
|  26.

0 |
I 32

.8
 |

| 21
.9

 | o
d

| 25.
5 | | 

8 S6 
j | 17

1.
0]

I 13
7.

8 |
+
+(9
o

| (M
g/

L)
 |

I 98
.5

 I
I 1

05
.0

1
[ 1

00
.2

1
I 76

.9
 |

| 91
.3

 |

co
h-
co

M-
CO
O

I 76
.9

 |
| 92

,9
]

| 82
.5

 J
I  52

.0
 |

I 64
.1

 J
| 29

.6
J

I 26
.4

 ]

CO
cd
CM

| 1
79

.5
 |

] 2
44

.0
 |

|  18
6.

7 |

I Ha
rd

ne
ss

 1

s

1 
36

6.
0 

1

1 
41

6.
0 I

I 398.
0 I

I  314.0
 I

| 
38

4.
0 I

I 344.
0 I

I  272.0
 I

| 
31

4.
0 I

| 
37

4.
0 

|

o
d
CM
CO

| 
15

9.
0 j

| 
19

8.
0 

]

| 120.0
 |

|  108.0
 |

| 
13

4.
0 I

| 
57

4.
0 

| | 
00S

6 
|

75
4.

0 
]

1 T
ur

bi
di

ty
 1

(N
TU

)
1 

23
.2

 
1

27
.6 o

CD
CN 24

.8 o
00
CM 23

.6
23

.6
28

.4
23

.6
20

.8
28

.0
30

.8
22

.8

CO
CM 30

.0

Z'lZ 
|

P8Z 
|

22
.8

d
lli

(u
M

ho
s/

cm
) | 

0S
8Z 

|

75
0.

0
73

4.
0

39
7.

0
65

9.
0

52
2.

0 o
oo 51

1.
0 i

63
2.

0 I
45

1.
0 i ! 

0009 
|

58
5.

0 
!

23
2.

0
26

4.
0

27
5.

0
93

8.
0

11
22

.0
13

20
.0

1 T
em

p 
1

oc

O
CO
CM 28

.0
29

.0
27

.0
29

.0
28

.0 O
CD
CM 27

.0
29

.0
25

.0
28

.0
29

.0 ocd
CM 28

.0
28

.0
25

.0
29

.0
 I

28
.0

X
a

CO
h-*

o
CO 1^

CO
r-*

in CO
N-'

CO co o
CO r-»'

a> CO
Is-’

q m CO

7.
8

B
or

e 
w

el
l

I Se
as

on

W
in

te
r

S
um

m
er

R
ai

ny
W

in
te

r
S

um
m

er >
c
ro

CC W
in

te
r

S
um

m
er

R
ai

ny
W

in
te

r
S

um
m

er >
c

*<3

W
in

te
r

S
um

m
er

R
ai

ny
W

in
te

r Imo
E
E
3
(0

R
ai

ny

! Si
te

 I
N

o. OCcn BR
 2

BR
 3

BR
 4

B
R

 5 to
oc
CD

Vi
lla

ge
 1

M
or

ew
ad

i

l
>
0)

T3tJn
z

w
ad

i

Ta
m

ao
anTa

bl
e 6

. Se
as

on
al

 v
al

ue
s o

f t
he

 p
hy

si
co

-c
he

m
ic

al
 pa

ra
m

et
er

s fro
m

 Bo
re

 w
el

ls 
in

 th
e 

st
ud

y 
ar

ea
.



N
itr

at
e

(M
g/

L)
4.

2
8.

7 06 O
S 6.

5 8 Q

26
.6

0 LZ 28
.0

Pa
ra

m
et

er
s

C
hl

or
id

e(
M

g/
L) 44

.0 00
CO
CO
T“ 56

.8
24

9.
9

26
9.

8
28

6.
8

24
5.

6
26

4.
1

27
6.

9

4-f
c 3 
^ o>
jc s 
5 >

28
5.

0
31

0.
0 o

d
CM
CO 13

5.
0

15
0.

0
15

5.
0

12
0.

0
14

0.
0 o

o
CO

52 oi
e*

o
o
o
CO 26

0.
0 oooe 45

0.
0 o

o
CO
LO 11

90
.0 ooes

00S9

o
o
xr

T.
S.

(M
g/

L)

0099 41
0.

0 O
o
o
v— 62

0.
0

67
0.

0
15

80
.0 O

d
CO
CO 71

0.
0

13
10

.0

3 
O ra 
dl

CM
CO

o
c\i

CM
CO

CO
oi

o
c\i

00
CO

00
CD

CO

nr
<m 7?,oSo 5. 26

.4
37

.4
19

.8 00
o> 59

.4
13

.2 'Sf CD
CD

CD
CD

+ d 
o>§

mm

46
.7

43
.7 CO

CD 66
.3 o

CO
00 11

5.
9

22
.1

CO
CO 40

.9

C
a+

+
(M

g/
L)

49
.6 o

CO 71
.3

12
5.

0
10

8.
2

17
3.

9
52

.9 CD
o
CD 10

3.
4

H
ar

dn
es

s
(M

g/
L)

24
2.

0
24

0.
0 o

CO
CM 39

8.
0

45
0.

0 0'0S9 14
4.

0
19

8.
0

27
2.

0

Tu
rb

id
ity

(N
TU

)
24

.4
32

.4
29

.2
26

.8
ooe 22

.8 CM

CM 30
.4

 
| | 

VZZ
E.

C
.

(u
M

ho
s/c

m
)

o
COo
CO 43

2.
0

51
3.

0
71

7.
0 o

d
CMco 12

41
.0

77
1.

0 0698

14
06

.0

Te
m

p
°c 28

.0 o
o
CO 28

.0 o
CO
CM 28

.0 o
CM 24

.0
29

.0
27

.0

X
a

CO CO t"- LO CM CO CM
1^

CO

O
pe

n 
w

el
l Se

as
on

W
in

te
r

Su
m

m
er

R
ai

ny
W

in
te

r
Su

m
m

er
R

ai
ny

W
in

te
r

Su
m

m
er

R
ai

ny

Si
te

N
o.

W
el

H

W
el

l  2 <0

1

V
ill

ag
e

K
as

ab
a

B
aw

ad
a

Ta
m

go
anTa

bl
e 7

. Se
as

on
al

 v
al

ue
s o

f t
he

 p
hy

sic
o-

ch
em

ic
al

 pa
ra

m
et

er
s fr

om
 O

pe
n 

w
el

ls 
in

 th
e 

st
ud

y 
ar

ea



Ta
bl

e 8. 
Se

as
on

al
 v

al
ue

s o
f th

e p
hy

sic
o-

ch
em

ic
al

 pa
ra

m
et

er
s fr

om
 K

M
C

 w
at

er
 su

pp
ly

 in 
th

e s
tu

dy
 ar

ea
.

N
itr

at
e 3

O)
S 4.

2
5.

8
6.

2
4.

2
4.

6

C
hl

or
id

e

3
o>
S 12

.7
15

.6

CO
T—

o

CO

| 
65

.3
13

9.
7

Al
ka

lin
ity

O)
5

O
'O

S
o
o

009

! 
85

.0
10

0.
0

12
0.

0

TD
S 3o>

5

006

o
o
CM 11

0.
0 O

d
CO

o
o
CM
CO

ooz

T.
S

. □"

O)
S

o
d

19
0.

0
19

0.
0 o

o
V™ 42

0.
0 o

d
•M-

O

Q
O)
1

09

7.
3 95 00 CD

CO 3.
6

CM
O
o

3
05
S

CD
CD 2.

2
4.

4 00
CO 11

.0
2.

2

+
+o>
s

3
O) 6.

6 8'S

15
.9

12
.6

 J
9.

4
13

.8

+
+
<0
O

3
O)
S 8.

8
8.

0
i 18

.4
24

.0 CM
CO
CM 32

.8

H
ar

dn
es

sl

3
O)
S

o
CD
CO 32

.0 o

CO

o
CD 62
.0

006

Tu
rb

id
ity

 1

s
h
z 15

.6 d
CO 29

.2
26

.4 o
00
CM 22

.0

d
ui

(u
M

ho
s/

cm
)

o
d
00 11

8.
0

11
4.

0
54

0.
0

53
9.

0
65

5.
0

Te
m

p 
1

O
o 26

.0
28

.0 o
CO
CM 24

.0
29

.0
28

.0

i
a

v— o
K

CM

7.
01 ZL

S
ea

so
n 1

W
in

te
r

S
um

m
er

R
ai

ny
W

in
te

r
S

um
m

er
R

ai
ny

S
ite

 1
N

o.
G

.P
.1

G
.P

.2

V
illa

ge
 1

N
ag

de
v

W
ad

i

Ta
m

go
an

Pa
ra

m
et

er
s

G
ra

m
pa

nc
ha

ya
t

Ta
bl

e 9
. S

ea
so

na
l v

al
ue

s o
f p

hy
sic

o-
ch

em
ic

al
 pa

ra
m

et
er

s fr
om

 Gr
am

pa
nc

ha
ya

t su
pp

ly
 in 

th
e s

tu
dy

 a
re

a.

Pa
ra

m
et

er
s

I 
...

..
N

itr
at

e
(M

g/
L)

3.
7

4.
0

4.
6 <q

CO 4.
0

4.
2 v~

M- 4.
6

4.
2

C
hl

or
id

e(
 

i Mg/
L) CD

d
o
CD

o
|Z 03

03
CM

V“
CO
*r
r*

in
co

03
d

CD
d

Al
ka

lin
ity

(M
g/

L)
14

0.
0

19
0.

0
18

0.
0 O

oin
o
in
CD

o
d
N-

o
o

o
inx^

o
inxr

TD
S

(M
g/

L) O
o
CO

o
6
CM

O
o00

o
d

o
d

O
d03

O
o

o
oo

o
dco

T.
S

.
(M

g/
L)

15
0.

0 O
o

o
d
CO 11

0.
0 o

d
o 17

0.
0 o

d
o

o
o

o
d
in

D
.O

.
(M

g/
L) CO

CD
00
CD

r--
cb

o
CO

CM
hZ

xf
CD CD

N- 00
CD

CM J
O a
o s

o CM CO
CO

CM
CM

xr M; Xj-
Xf

CM
CM

i|
S S

o CD
in

N- CD
T“
T"*

h-
cd

o
CD

in
xr

CO
o

C
a+

+
(M

g/
L) o

CM
CD
03

xr
CO
r—

o
CD

o
CM
V“

CM
t—
r*

CD
in

CM
N

00

H
ar

dn
es

s 
! (M

g/
L) O

d
o

O
vr
co

o

CD

o
'T
CD

O
d

o
CO
co

o
M-
CM

o
CD
CM

o
d
CM

Tu
rb

id
ity

(N
TU

)

CD
d
V*

X-
oo
CM

CO

CM

00
Xj*T*

00
00
CM

xj*
CO
CM

CO 00
CO
CM

co
o
co

E
.C

.
(u

M
ho

s/
cm

)

O
CDtj* 13

3.
0 o

o
CO

o
rZm

o

m
o
tZ
in

O
d
CM

o
V“xr

o
co
•M-

a
Eo<1)0
H

O

CM

o
00
CM

o
03
CM

o
rZ
CM

o
CO
CM

o
co
CM

o
|Z
CM

o
|Z
CM

O
cd
CM

X
a Is-*

o 03
CD

o
rZ

o o
|Z

o o 03
CO

S
ea

so
n

W
in

te
r

Su
m

m
er

R
ai

ny
W

in
te

r
Su

m
m

er
R

ai
ny

W
in

te
r

Su
m

m
er

R
ai

ny

K
M

C
 ta

ps Si
te

N
o.

K
M

C
ta

p1

KM
C

ta
p2

KM
C

ta
p3

V
illa

ge

M
or

ew
ad

i

Ba
w

ad
a

N
ag

de
v

w
ad

i



C
at

eg
or

ie
s

Fi
na

l
A

ve
ra

ge

CO

Z'LZ

o
in 25

.9
20

9.
2  |

58
.1

37
.0

zoz in

51
7.

2
31

2.
0

16
8.

7
89

.4 CO
d

G
P1

-G
P2

T—
h-’

o
CM 34

1.
0

25
.2 CO

CO
CO 19

.2
10

.7 5.
9 r’

LO
CO
00
O)T— 13

1.
7

i 8 Q
Z

CO 00

C
P1

-C
P3 7.

0
27

.0 o
CO
CD 24

.3
45

.3
14

.1 ■M"
CO
h« 4.

9 00
CO

CM

o
or- 91

.6
12

.2 T***

W
1-

W
3

7.
5 VIZ

I 787.0 Z'LZ
31

7.
6

89
.5

55
.3

21
.5 4.
3

85
2.

2
52

2.
2

19
9.

4
20

9.
2

13
.4

BR
1-

BR
6 CO

Is- 27
.5

62
1.

0
26

.0
36

1.
1 6S6 66
.3 o00

CO 75
0.

6
52

8.
3

24
9.

8
95

.5
 | 00

v

H
P1

-H
P5 7.

5
27

.6
43

8.
0

26
.9

25
8.

4
72

.1
45

.4
31

.0

zz Is-
d
CD
CD 30

8.
0

22
6.

9
82

.4 9.
4

Pa
ra

m
et

er
s

Xa Te
m

p(
O

C
)

E
.C

.(u
M

ho
s/c

m
)

Tu
rb

id
ity

(N
T

U
)

To
ta

l H
ar

dn
es

s(
M

g/
L

)
C

al
ci

um
 (M

g/
L)

M
ag

ne
siu

m
 (M

g/
L)

O)
1

CM

O
o

CD
0)

y. D
iss

ol
ve

d 
O

xy
ge

n 
(m

g/
L)

T
.S

.  (M
g/

L
)

T.
D

.S
. (

M
g/

L)
A

lk
al

in
ity

(M
g/

L
)

C
hl

or
id

es
 (M

g/
L

)
N

itr
at

e (
M

g/
L

)

Ta
bl

e 1
0.

 Ave
ra

ge
 v

al
ue

s o
f f

ou
rt

ee
n 

ph
ys

ic
o-

ch
em

ic
al

 pa
ra

m
et

er
s s

tu
di

ed
 for

th
e f

iv
e ca

te
go

ri
es

 o
f f

re
sh

 w
at

er
 so

ur
ce

s



N
itr

at
e

0.
39

6 3900 0.
56

9 00

o

ZIV
O

0.
43

5
0.

38
7 rt-o

o -0
.0

31
0.

44
8

0.
45

2
0.

13
6

0.
47

1

C
hl

or
id

es
0.

28
7

-0
.0

34 om00
© 0.

15
9

0.
66

0
0.

73
6

0.
64

1
0.

15
3

-0
.0

43
0.

61
7 o

©
d 0.

17
1

---
---

---
---

---
-1

A
lk

al
in

ity
0.

74
8

0.
25

9
0.

34
0 O

d 0.
44

3
0.

43
2

0.
44

7
0.

59
0

-0
.3

43
0.

52
5

0.
39

1

T
D

S
0.

42
5 8900 0.

76
5

-0
.0

32 00
© 0.

81
1 ©•<*00

d 0.
37

8
0.

13
0 198*0

TS

0190 0.
14

4
0.

74
5

0.
05

7 908*0
118*0 

1

r-~00C"
d

; 0.29
9

-0
.0

96

D
O

-0
.5

28

9800*

o
di

O

di -0
.1

02
-0

.0
99

-0
.0

67
-0

.3
65

fS
O
u 0.

36
1

0.
14

9
0.

33
1

0.
04

6
0.

52
6

0.
43

8
0.

57
2 “

+*fM
s 0.

48
4 0600 0.

76
7

0.
07

6 166*0

| 0.9
49

 1

“

tC9
U 0.

51
7 6000

8180
660*0 0.

97
7 1 H

H
ar

dn
es

s
0.

50
3 -3-

o
o 0.

79
6 £80*0

T-»«

Tu
rb

id
ity

0.
07

2 r-'00
d

00o
©

I EC 0.
47

0 0100

r-N

T
em

p

eooo

fH

pH
pH Te
m

p
EC

Tu
rb

id
ity

H
ar

dn
es

s

++53U
+
4*0£
S

ZO
D D

O TS TD
S

A
lk

al
in

ity
C

hl
or

id
es

N
itr

at
e

Ta
bl

e 1
1 Co

rr
el

at
io

n 
C

oe
ffi

ci
en

t b
et

w
ee

n 
fo

ur
te

en
 ph

ys
ic

oc
he

m
ic

al
 p

ar
am

et
er

s o
bs

er
ve

d 
du

ri
ng

 th
e 

st
ud

y



acidity or alkalinity and measure the concentration of hydrogen ions present in water. It 

does not measure total acidity or alkalinity.

The pH of most natural waters falls within the range of 4 to 9. The majority of 

waters are slightly basic because of the presence of carbonates and bicarbonates. The 

practical pH scale extends from 0, very acidic to 14, very alkaline, with 7 corresponding 

to exact neutrality at 25°C. The pH is important in almost every phase of environmental 

monitoring practice. In the field of drinking water supplies, it is factor that must be 

considered in chemical coagulation, disinfecting, water softening and corrosion control.

Every water body shows the seasonal and diurnal variation in pH values. In the 

present study pH of all the sites ranged between 6.9 at (KMC tapi) and (KMC tap2) in 

rainy season to 8.0 at (HP4), (BRi) in rainy season and at (BR4) in winter season. In case 

of only groundwater sample the lowest pH value recorded was 7.1 at (HP3) in summer. 

The overall average pH value recorded was 7.3.

The Figure-2 shows the minimum, maximum and average values of pH at each 

sampling site during three seasons. Correlation coefficient between pH and other water 

quality parameters are given in Table-11, which is found to be negative (-0.528) for 

dissolved oxygen and positive for other parameters having highest r (0.748) value for 

alkalinity.

HP1 - HP5: Hand pump water samples showed the maximum and minimum pH 

values of 8.0 (HP4) in rainy season and 7.1 (HP3) in summer with average of 7.5 pH 

value. pH values recorded in different seasons from hand pumps in the study area are 

given in Table-5.

BRI - BR6: The average pH recorded for bore wells was 7.6. The highest pH 

estimated was 8.0 at (BRi) in rainy season and at (BR4) in winter season with lowest of 

7.3 at (BR3) in winter and at (BR2), (BR5), (BR*) in summer season respectively. pH
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values recorded in different seasons from bore wells in the study area are given in 

Table-6.

W1 - W3: pH of well water ranged between 7.2 (W2), (W3) in summer and 7.7 at 

(Wt) in rainy season with an average pH value of 7.5. pH values recorded in different 

seasons from open wells in the study area are given in Table-7.

KMC tapi- KMC tap3: KMC tap water samples showed average pH value 7.0 

with minimum and maximum of 6.9 (KMC tapi), (KMC taps) in rainy season and 7.19 

(KMC tapi) in winter season respectively.

GP1 - GP2: Grampanchayat water samples showed highest and lowest pH values 

of 7.2 (GP2) in rainy season and 7.0 (GPi), (GP2) in summer respectively. The average 

pH value recorded was 7.1.

pH values recorded in different seasons from KMC tap water and Grampanchyat 

ware samples are given in Table-8 and Table-9 respectively. The water samples collected 

from all the sampling sites were within the prescribed limit provided by WHO and 

ICMR.

3.2.2. Temperature (°C ) :

The temperature of water depends on the season and temperature of the ground 

with which it is in contact. Temperature is basically important parameter for its effects on 

the chemistry and biological reactions in water. Temperature is also very important in the 

determination of various other parameters such as pH, conductivity, alkalinity etc.

The optimum temperature of water is supposed to be between 11°C and 7°C. 

However, in the tropical conditions the water temperature is always on higher side. Water 

in cooler temperature range has a pleasant taste and is refreshing.

The overall average value of temperature recorded during the investigation was 

27.24°C. The seasonal variation was in the range of 23° C to 30°C in the groundwater
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during all seasons. Temperature recorded during summer and rainy seasons were found to 

be some what similar and were comparatively higher than temperature values recorded 

during winter season. The maximum temperature of 30°C was recorded in summer 

season (Wi) and the minimum of 23°C in winter (W2).

The Figure-3 shows the minimum, maximum and average values of temperature 

at each sampling site during the three seasons. Correlation coefficient between 

temperature and other water quality parameters are given in Table-11, which is found to 

be negative for dissolved oxygen and chlorides and slightly positive correlation with 

other parameters.

HP1 - HP5: In case of hand pumps the maximum temperature recorded was 

29°C (HP2, HP4) in rainy season and minimum was 25°C (HP5) in winter. 27.6°C was 

the average value for the hand pump water samples.

BR1 - BR6: The highest temperature recorded in case of bore wells was 29°C 

(BRi, BR3, BR4) in rainy season and (BR2. BR$) in summer season. Lowest temperature 

observed was 25°C (BR4, BRg) in winter season. The average value recorded in case of 

bore well was 25.5°C.

W1-W3: The average values recorded for wells were 27.1C. The overall 

maximum and minimum values considering all ground water samples collected were 

recorded from well. The highest temperature recorded at (Wi) in summer season with 

lowest temperature value 23°C (W2) in winter season. It is interesting to note that the 

highest and lowest temperature in the study was recorded from well water samples. 

Perhaps this is because of the contact of water with the air at surface level.

KMC tapi-KMC tap3: The minimum and maximum temperature was recorded 

form same site i.e. (KMC tapi) as 25°C in winter season and 29°C in rainy season 

respectively. The average value recorded was 27°C.
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GP1 - GP2: In case of Grampanchayat water samples, the average temperature 

value was 27°C. The minimum and maximum temperature recorded was 24°C and 29°C 

respectively for the same sites (GP2).

3.2.3 Electrical Conductivity (uMhos/cm):

Electrical conductance is the ability of substance to conduct the electric current, in 

water. It is the property caused by the presence of various ionic species. Conductivity of 

water varies directly with the temperature and is proportional to its dissolved mineral 

matter content. It is an important indicator to check the purity of distilled water and 

determining the suitability of drinking water and wastewater for irrigation. Chemically 

pure water does not conduct electricity. Any rise in the electrical conductivity of water 

indicates pollution with electrolytes. According to U.S.P.A.(1974) ground waters with 

conductivity values are grouped as .

• less than 500 micro mohos/cm- Low conductivity.

• 500 to 1000 micro mhos/cm- Medium conductivity.

• Greater than 1000 micro mhos/cm - High conductivity.

Electrical conductivity of water samples collected from the four villages at 

different sites ranged between 29 umhos/cm to 1406 umhos/cm. The overall average 

electrical conductance was 451 umhos/cm. In most of the samples conductivity values 

decreased in the winter season and most of the samples electrical conductivity increased 

in rainy season. Due to increase in dissolved material content.

The Figure-4 shows the minimum, maximum and average values of electrical 

conductivity at each sampling site during three seasons. Correlation coefficient between 

electrical conductivity and other parameters are given in Table-11, which is found to be 

negative for dissolved oxygen. It shows excellent to good correlation between hardness, 

Ca++, Mg++, total solids, total dissolved solids, and nitrates.

The ground water samples collected from (HP4) and (BR5) were within the std 

limit (ICMR) of 300 umhos/cm in all season, remaining all sampling site exceeds the
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standard limit of 300umhos/cm. The KMC water samples showed electrical conductivity 

within the standard limit. Grampanchayat water samples collected from (GPi) site were 

within limit and from (GP2) it exceeded.

HP1 - HP5: The average value of electrical conductivity recorded for hand 

pumps was 438 umhos/cm. The highest and lowest electrical conductivity recorded was 

997.0 umhos/cm (HP4) in summer and 194.0 umhos/cm (HP5) in winter season from 

same site that is HP4.

BRi - BR6 The highest values recorded for bore wells was 1320 umhos/cm 

(BRe) in rainy season where as lowest value was 230 umhos/cm (BR5)in winter season. 

The average value was 621 umhos/cm.

Wi - W3 In case of open wells the electrical conductivity ranged between 

minimum of 308-umhos/cm (Wi) in winter season to maximum of 1406 umhos/cm (W3) 

in rainy season which is the highest record of electrical conductivity in all samples. Well 

water shows average EC value was 787 umhos/cm.

KMC tapl-KMC tap3: KMC tap water sample showed 66.0 umhos/cm average 

electrical conductivity value. Maximum was 133.0 umhos/cm (KMC tapi) in summer 

where as 29.0 umhos/cm (KMC tap3) was the minimum value recorded in winter season, 

which was the lowest record considering all the samples.

GPj- GP2 Grampanchayat water samples shows electrical conductivity in the 

range of minimum of 80.0 umhos/cm (GPi) to maximum 655.0 umhos/cm (GP2) recorded 

in winter and rainy season respectively. The average value recorded at the sites was 341.0 

umhos/cm.

3.2.3 Turbidity ( NTU)

The turbidity of the sample is measured from the amount of light scattered by the 

sample taking reference with standard turbidity suspension. Turbidity in water is due to

!
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colloidal and extremely fine dispersions. Suspended matter such as clay, silt, finely 

divided organic and inorganic matter and micro-organisms also contribute to turbidity. 

The light, which absorbed or scattered by suspended material in the water body, is termed 

as turbidity. Because absorption and scattering are influenced by size and surface 

characteristics of suspended material, turbidity can not be measured in terms of 

quantitative measurement of suspended solids.

The degree of turbidity of water course may be used as measure of the intensity of 

pollution. Turbidity makes the water unfit for domestic purposes, food and beverage 

industries and many other industrial uses. The reduction in turbidity is associated with 

reduction in suspended matter and microbial growth.

The Figure-5 shows the minimum, maximum and average values of turbidity at 

each sampling site during three seasons. Correlation coefficient between turbidity and 

other water quality parameters are given in Table-11, which is found to be negative for 

dissolved oxygen and total dissolved solids. It showed slight positive correlation with 

other water quality parameters.

According to WHO and ICMR 5 NTU and 25 NTU are the highest desirable and 

maximum permissible concentrations for turbidity. During the period of investigations 

the average value for turbidity was 25.97. NTU. At KMC tap3 14.8 NTU was the lowest 

and 34.8 NTU (HP3) was the highest values recorded during the study. In case of ground 

water samples, 15.6 NTU was the lowest turbidity recorded for HP2 in winter season and 

highest turbidity 34.8 NTU (HP3) in rainy season.

HPj - HP5: The average turbidity recorded for hand pumps was 26.98 NTU. The 

maximum and minimum turbidity estimated was 34.8 NTU (HP3) and 15.6 NTU (HP2) 

respectively. All hand pump water samples from (HP2) to (HP5), except in winter season 

and at (HPi) in winter and summer, exceed the max permissible limit of 25 NTU.
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BRj - BR$: In case of bore wells the average value recorded was 26.0 NTU. It 

was interesting to note that the highest and lowest turbidity values were 30.8 NTU and 

20.8 NTU in rainy and winter season respectively from the same sampling site (BR4). In 

case of bore wells, water samples were within maximum permissible limit from (BR1), 

(BR4) and (BR5) in winter season and from (BRs) only in rainy season. At (BR2) and 

(BR3) in summer only exceed the limit.

W, - W3: Water samples collected from wells showed average turbidity of 27.2 

NTU with maximum and minimum of 32.4 NTU (Wj) in summer and 22.4 NTU (Wl- 

winter), (W3- rainy season) respectively. It is interesting to note that (W2) and (W3) 

showed turbidity values within limit in rainy season and exceeds the limit in the season 

from (Wi) site.

KMC tap 1-KMC tap3: The amount of turbidity estimated in KMC tap water 

samples varied as lowest recorded was 14.8 NTU (KMC tap2) and (KMC tap3) in winter 

season and 30.8 NTU (KMC taps) in rainy season respectively with average turbidity of 

24.356 NTU. Water samples from (KMC tapi) and (KMC taps) only in winter were 

within the limit and for (KMC tapi) in summer it exceeded the maximum permissible 

limit.

GPi- GP3: Grampanchayat water samples showed maximum of 30.4 NTU in 

summer and minimum of 15.6 NTU in winter season respectively from sampling site 

(GPi). The site (GPi) showed turbidity within limit in winter and for (GP2) in the 

rainy season. All water samples from 19 sites exceeds the highest desirable limit of 5 

NTU.

3.2.5 Total Hardness (mg/lit)

Hardness is the property of water, which prevents the lather formation with soap 

and increases the boiling point of water. Hardness is defined as the concentration of 

multivalent metallic cations in solution.
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At super-saturated condition, the hardness cations react with anions in the water to form 

a solid precipitate. The hardness is classified as carbonate hardness (equivalent to 

alkalinity) and non-carbonate hardness (remaining hardness). Generally estimation of 

hardness is important for ground water, which is generally more than surface water.

Principle cations imparting hardness are calcium and magnesium. However other 

cations such as strontium, iron, manganese also contribute to the hardness. The anions 

responsible for hardness are mainly bicarbonates, carbonates, sulphates, chlorites, nitrates 

and silicates etc. hardness is called temporary if it is caused by bicarbonate and carbonate 

salts of the cations, since it can be removed simply by boiling the water. Mainly sulphates 

and chlorides of metals cause permanent hardness.

Classification of ground water based on hardness (Sawer and McCortv, 1967) 

Hardness range (mg/lit) Water class

0-75 Soft

75- 150 Moderate hard

150-300 Hard

>300 Very hard

The Figure-6 showed the minimum, maximum and average values of total 

hardness at each sampling site during three seasons. Correlation coefficient between total 

hardness and other water quality parameters are given in Table-11, which is found to be 

negative for dissolved oxygen. It showed excellent to good correlation with Ca++, Mg++, 

total solids, total dissolved solids, chloride and free CO2 respectively.

According to ICMR, BIS and MWH 300 mg/lit and 600 mg/lit are highest 

desirable and maximum permissible concentrations for total hardness. All the samples 

except at BR6 (summer and rainy season) and W2 (rainy season) were within the 

maximum permissible limit of 600 mg/lit.
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The total hardness values ranged from 20.0 to 950 mg/lit. Minimum hardness 

estimated as 20.0 mg/lit. (KMC tap3), maximums was 950.0 mg/lit (BR6) in summer 

season. Average value calculated from all samples was 209.2 mg/lit.

HPi - HPS: In case of hand pumps minimum hardness was 104.0 mg/lit. (HP5) in 

winter season and maximum as 502 mg/lit. The average value calculated was 258.4 

mg/lit. Total hardness of hand pump samples from (HP2), (HP3) and (HP5) sites were 

within the limit (300.0 mg/lit) in all seasons. The ground water samples collected from 

(HPi) and (HP4) sites crossed the standard limit, but for (HPi) in winter it was within 

limit of 300 mg/lit.

BRi - BRg: For bore well water samples the average value calculated was 361.1 

which was the highest value recorded from averages of all water samples. The minimum 

hardness estimated was 108 mg/lit. (BR5) and maximum as 950 mg/lit. (BR6) in summer 

season; it was the highest hardness value recorded during the period of investigation 

considering all water samples. Water samples collected from BRI, BR2 and BR6 

exceeded the highest desirable limit of 300 mg/lit in all seasons, but from BR5 it was 

within limit. In case of BR4 it exceeded the limit in winter and at BR3 only during 

winter it was within limit.

W1-W3: Wide range of hardness was estimated for open well water samples as 

minimum 144 mg/lit (W3) in winter season and maximum 650.0 mg/lit.(W2) in rainy 

season. The average hardness for well water samples was 317.6 mg/lit. and the maximum 

hardness recorded during rainy season. The seasonal and overall average value exceeded 

the maximum permissible limit.

KMC tap 1-KMC tap3 : The KMC water samples showed highest value of 

hardness of 100.0 mg/lit. (KMC tapi) and lowest as 20 mg/lit. (KMC tap3) in winter 

season. Average value was 45.33 mg/lit.
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GPi- GP3: The average value recorded for Grampanchayat water samples was 

63.33 mg/lit. The water samples from these sites showed minimum hardness as 32.0 

mg/lit. and maximum 90.0 mg/lit. Corporation and for Grampanchayat water samples 

showed total hardness values within the prescribed limit.

3.2.6 Calcium (mg/lit):

Calcium occurs in water mainly due to the presence of lime stone, gypsum, dolomite 

etc. material. Calcium and magnesium are the major scale forming constituents in raw 

waters. The quantities in natural waters generally vary from 10 to 100 mg/lit depending 

upon the types of the rocks. Disposal of sewage and industrial waste is also important 

sources of calcium. There are disadvantages in household and industrial uses, as high 

concentrations of calcium are not desirable in washing, laundering and bathing owing to 

its suppression of formation of lather with soap. Scale formation in boilers takes place by 

high calcium along with magnesium.

The Figure-7 showed the minimum, maximum and average values of calcium at 

each sampling site during three seasons. Correlation coefficient between Ca++ and other 

water quality parameters are given in Table-11, which is found to be negative for 

dissolved oxygen. But it showed significant r-values for Mg++, total solids, total dissolved 

solids, and Chlorides respectively.

According to WHO and ICMR 75 and 200 mg/lit are the highest desirable and 

maximum permissible limits respectively. All water samples were within the maximum 

permissible limit except at (BRe) in summer but few samples crossed the highest 

desirable limit.

The average value of calcium calculated from averages of all samples was 58.17 

mg/lit. In general 4.8 mg/lit (KMC taps) is the lowest and 244.0 mg/lit. (BR6) was the 

highest value of calcium recorded during the period of investigation. The concentration 

of calcium and magnesium vary in proportion with concentration of total hardness.
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HP1-HP5: Water samples collected from hand pumps showed maximum 

160mg/lit (HP4) in rainy season and minimum value of 24.84 mg/lit (HP5) in winter 

season. The average calcium value recorded was 72.12 mg/lit. The ground water samples 

collected from (HP2) (HP3) and (HP5) sites were with in limit of 75 mg/lit in all seasons 

and for (HPi) in winter it was within limit. Water samples from (HP4) cross the standard 

limit in all seasons.

BRi - BRe: The wide range of calcium concentration was estimated as lowest 

value of 26.4 mg/lit (BR5) and highest of 244.0 mg/lit (BRg) in summer season. The 

average value recorded from bore well was 95.93 mg/lit, which is the highest average 

value of all types of sampling stations. The calcium estimated from bore well samples for 

(BRs), (BR2), (BR3) and (BRg) crossed the limit of 75 mg/lit. for (BR4) it exceeds only in 

winter and for only (BR5) BR5 it was within limit for all seasons.

W, - W3: The average value recorded for well water samples was 89.5 mg/lit. 

The lowest calcium concentration recorded was 49.9 mg/lit (W|) in winter season and 

highest was 173 mg/lit (W3) in rainy season. Here all water samples from (W|) were 

within limit and for (W2) all water samples exceeds the limit for calcium only in rainy 

season.

KMC tap 1-KMC tap3: KMC tap water samples showed maximum value of 42 

mg/lit (KMC tapi) and minimum 4.8 mg/lit (KMC tap3) of calcium with average value of 

14.1 mg/lit.

GP,-GP3: The maximum amount of calcium estimated was 32.8 mg/lit (GP2) in 

rainy season and minimum of 8.01 mg/lit (GP2) in summer season. The average value of 

Grampanchayat water sample was 19.2 mg/lit. The calcium concentration of KMC tap 

and Grampanchayat water samples was within the standard limit during the period of 

investigation.
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2.3.7 Magnesium

Magnesium also occurs in all kinds of natural waters with calcium, but its 

concentration remains generally lower than the calcium. Its principal sources in the 

natural waters are various kinds of rocks, sewage and industrial waste are also important 

contributors of magnesium. High concentrations may be cathartic and diuretic for the 

initial users but tolerance is developed in short time (Lehr et.al, 1980). High 

concentration combined with sulphate acts as laxative to human beings. The Figure-8 

shows the minimum, maximum and average values of magnesium at each sampling site 

during three seasons.

In general 0.89 mg/lit (KMC taps) was the lowest and 84.33 mg/lit (HP4) was 

highest value of magnesium recorded, averages of all samples was 37.04 mg/lit. 

According to WHO and MWH 30 and 150 mg/lit are the highest desirable and maximum 

permissible concentrations for magnesium. All water samples except (BR6) in summer 

were within the maximum permissible limit of 150 mg/lit.

Correlation coefficient between Mg++ and other water quality parameters are 

given in Table-11. It shows positive r- values between 0.387 (nitrate) to 0.840 (total 

solids). It showed positive correlation with all water quality parameters except dissolved 

oxygen.

HP, - HPS: The average value of hand pump water samples was 45.42 mg/lit. 

The highest magnesium concentration estimated was 84.33 mg/lit (HP4) in summer 

season and lowest of 19.23mg/lit (HP5) in winter season. The hand pump water samples 

except from (HP5) all other hand pump sites crossed the highest desirable limit in all 

seasons.

BR, - BR6: The maximum and minimum values estimated for bore well water 

sample were 171.0 mg/lit (BR6) and 19.0 mg/lit (BR5) both in summer season 

respectively. The average value calculated was 66.36 mg/lit, which was the highest value, 

recorded for calcium considering the average values. All bore well water samples from
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(BRi) (BR3) and (BR6) cross the limit of 30 mg/lit where as for (BR5) it was in limit for 

all seasons and for (BR4) it was in limit in summer only.

Wi - W3: In case of well water samples the lowest concentration of magnesium 

estimated was 22.13mg/lit (W3) in winter season and 115.9mg/lit (W2) was the highest 

concentration with an average of 55.36 mg/lit. All open well water samples, except (W3) 

in winter season , crossed the limit of 30 mg/lit.

KMC tapl-KMC tap3: The estimated values of magnesium showed minimum of 

0.89 mg/lit (KMC tap3) and maximum 14.09 mg/lit (KMC tapi) with an average 7.34 

mg/lit.

GP|- GP3: Grampanchayat water samples showed average value of 10.71 mg/lit. 

The minimum value was 5.8 mg/lit. and maximum of 15.93 mg/lit from same site W| in 

summer and rainy season respectively. All water samples from KMC taps waters and 

Grampanchayat water samples were within the limit.

2.3.8 Free C02

Carbon dioxide is normal constituent of natural waters. In polluted water, it is 

formed by biological oxidation of organic matter. Surface waters normally contain lesser 

than 10-mg/lit free carbon dioxide, while some ground waters may easily exceed that 

concentration. The carbon dioxide content of water may contribute significantly to 

corrosion. The recarbonation of a supply during the last stages of water softening is a 

recognised treatment process. The amount of carbon dioxide depends on the 

decomposition of the topsoil and chemical nature of the underlying rocks.

Surface water normally contains less than lOmg/lit free carbon dioxide, while 

ground water may easily exceed that concentration up to 30-50 mg/lit. The carbon 

dioxide content of water may contribute significantly to corrosion. It combines 

chemically with water to form carbonic acid, which affects pH of water.
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The Figure-9 shows the minimum, maximum and average values of free CO2 at 

each sampling site during three seasons. Correlation coefficient between free C02 and 

other water quality parameters are given in Table-11. Free C02 showed slight positive 

correlation with all water quality parameters. It showed significant r- value (0.590) for 

alkalinity except for dissolved oxygen where it is negatively correlated.

Free C02 values ranges from 2.2 mg/lit (KMC tapi), (KMC tap2), (GPi) and (GP2) 

to 77 mg/lit (BR|). The overall average value recorded was 20.26 mg/lit. In case of only 

ground water samples the lowest value recorded was 4.4mg/lit (W3) in winter season and 

highest was 77 mg/lit (BRi) in summer season.

HP1 - HP5: The average values of free CO2 for a hand pump was 31 mg/lit. The 

minimum amount of free C02 estimated was 13.2 mg/lit (HP4) in rainy season and 

maximum of 50.6 mg/lit (HPi) in summer.

BR| - BR6i In case of bore wells the minimum free CO2 estimated was 8.8 mg/lit 

(BR5) in rainy season and maximum of 77.0 mg/lit (BRi) in summer with an average of 

38 mg/lit. Which was the highest average Free C02 value from all averages of samples 

collected from different sampling station.

W, - W3: Well water samples showed the average free CO2 of 21.5 mg/lit. The 

maximum and minimum concentration of free C02 estimated was 59.4 mg/lit (W2) in 

summer and 4.4 mg/lit (W3) in winter season respectively.

KMC tapl-KMC tap3: KMC tap water sample showed maximum of 11.0 mg/lit 

(KMC tapi) in winter and minimum 2.2 mg/lit (KMC tap2), (KMC tap3) in summer and 

rainy season respectively. The average amount of free CO2 estimated was 4.9 mg/lit.

GP,- GP2: In case of Grampanchayat maximum and minimum amount of free 

CO2 estimated was 11.0 mg/lit and 2.2 mg/lit from same sampling site (GP2). The lowest 

of 2.2 mg/lit observed also at (GPi) in summer.
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2.3.9 Dissolved Oxygen:

The dissolved oxygen values provide information about the biological and 

biochemical reactions undergoing in the water body. Dissolved oxygen play a vital role in 

supporting aquatic life. Dissolved oxygen level in natural and waste waters are dependent 

on the physical, chemical and biochemical activities prevailing in the water body, in case 

of ground waters the average O2 content is less than 1 mg/lit approximately two meters 

below the water table (Steenvoordan, 1976). Low oxygen concentrations are generally 

associated with heavy contamination by organic matter. The analysis for DO is a key test 

in water pollution control activities and wastewater treatment process control.

The Figure-10 shows the minimum, maximum and average values of dissolved 

oxygen at each sampling site during three seasons. Correlation coefficient between 

dissolved oxygen and other water quality parameters are given in Table-11. Dissolved 

oxygen showed negative correlation with all water quality parameters except for Total 

Dissolved Solids, which also sowed slight positive correlation with dissolved oxygen.

The over all average of dissolved oxygen recorded during whole period of 

investigation was 4.54 mg/lit. The seasonal variation in dissolved oxygen was in the 

range of 1.03 mg/lit (HP2) to 7.7 mg/lit (welb), (KMC taps) in the water samples 

collected from different sites. The permissible limit of dissolved oxygen for drinking 

water is 4.0 mg/lit to 6.0 mg/lit (WHO, ISO, 1989).

HP1 - HP5: Minimum dissolved oxygen estimated for hand pump water 

samples was 1.03 mg/lit recorded for (HP2) which is the lowest dissolved oxygen 

considering among all samples during period of investigation. Maximum and average 

concentrations, were 4.2 mg/lit (HPi) and 2.20 mg/lit respectively. Average value of hand 

pumps was the lowest average of dissolved oxygen among averages of all other sampling 

stations. All the hand pump water samples except (HPj) sites were below the permissible 

limit.
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BRi - BR6: The average dissolved oxygen for bore wells was 4.10 mg/lit. The 

highest dissolved oxygen estimated was 6.2 mg/lit (BR3) in rainy season and lowest of 

1.12 mg/lit (BR5) in summer. Most of the samples showed decrease in dissolved oxygen 

level in summer season. In the water samples from BRi, BR4, and BRs, dissolved oxygen 

concentration was below the permissible limit.

Wi - W3: In case of open well water samples lowest dissolved oxygen recorded 

was 2.02 mg/lit (Wj) in summer and highest of 7.7 mg/lit (W2) in rainy season. The 

average value recorded for well water samples was 4.38 mg/lit. Water sample from (W]) 

and (W2) showed dissolved oxygen below permissible limit, except at (W2) in rainy 

season, DO level below prescribed limit in winter and summer limit and exceeds in rainy 

season.

KMC tapi-KMC tap3i The average dissolved oxygen calculated for KMC tap 

water sample was 6.82 mg/lit that is the highest record of dissolved oxygen from 

averages of all sampling stations. The increase in dissolved oxygen level was due to 

aeration during water treatment and water forcefully coming from taps. The minimum 

dissolved oxygen was 6.08 mg/lit (KMC tap2) in winter season and maximum 7.7 mg/lit 

(KMC tap3) in summer recorded during the period of investigation.

GPi- GP3: The amount of dissolved oxygen estimated in Grampanchayat water 

samples varies as lowest 3.64 mg/lit (GP2) and highest 7.3 mg/lit (GPi). The average 

dissolved oxygen was 5.19 mg/lit. GPi site exceeded the limit in winter and summer 

season and at GP2 it was below permissible limit in summer and rainy season.

2.3.10 Total Solids:

Solids are present in water in both suspended and dissolved forms. Solids 

suspended in water may consist of inorganic material like clay, slit, other soil constituent 

etc. and organic particles such as plant material, fibbers, biological material etc. or 

immissible liquids. The solids may affect water quality adversely in number of ways. 

Water with higher amount of solids generally are of inferior palatability and may induce
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an unfavourable physiological reaction in transient consumer. Highly mineralised waters 

also are unsuitable for many industrial applications. Suspended material may 

objectionable in water for several reasons. It is aesthetically displeasing and provides 

sites for chemical and biological agents. Suspended organic solids may degrade 

biologically, resulting in objectionable by-products.

Wide range of total solids was observed at each sampling site during the course of 

study. Figure-11 shows the minimum, maximum and average values of total solids at 

each sampling site during three seasons. Correlation coefficient between Total Solids and 

other water quality parameters are given in Table-11. Total solids showed excellent to 

good positive correlation with total dissolved solids, chlorides, alkalinity and nitrates 

respectively.

The average value for total solids recorded was 517.2 mg/lit. It is quite interesting 

to note that the lowest and highest concentration of total solids was recorded for bore 

well samples in rainy season. The over all lowest concentration observed was 70 mg/lit 

(KMC tapi) and for ground water samples it was 280 mg/lit (BR5). The highest amount of 

total solids estimated was 1610 mg/lit (BR.6). The value of total solids was increased in 

rainy season.

According to WHO and MWH 500 mg/lit and 1500 mg/lit are the highest 

desirable and maximum permissible concentrations respectively. All the samples except 

at (HP4) in rainy season and (BR6) in summer and rainy season respectively showed the 

higher value than the maximum permissible concentration of 1500 mg/lit. In case of 

ground water samples seasonal averages of total solids showed that only (HP5) and (BR51 

sites were within the highest permissible limit.

HP] - HP5: Samples collected from (HP3) and (HP4) sites show lowest 

concentration as 330 mg/lit and 1570mg/lit was the highest concentration recorded at HP4 

in rainy season. The average concentration of total solids for hand pumps was 660.7 

mg/lit. Hand pump water samples from (HPi) to (HP4) cross the highest desirable limit of
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500 mg/lit except in winter season at all sampling sites. But at (HP5) it crosses the limit 

only in rainy season.

BRi - BR6i The average value of total solids recorded for bore well samples 

was 750 mg/lit. The maximum and minimum concentration of total solids recorded from 

(BR5) and (BR6) sites respectively in summer season. Water samples from (BR|), (BR2) 

and (BR6) cross the limit of 500 mg/lit during all season. But in case of (BR4) and (BR5) 

only in winter and at (BR3) in both winter and rainy season respectively.

W, - W3: In case of well water samples the average value of total solids was 

852.2 mg/lit, which was the highest average of total solids recorded among the averages 

of total solids in water sample, collected from other sampling stations. 41 Omg/lit (W|) 

was the lowest concentration of total solids recorded in summer and 1580mg/lit (W2) was 

the highest concentration recorded in rainy season. All open well water samples except 

(Wi) in summer exceeded the limit of 500 mg/lit.

KMC tap,-KMC tap3: For KMC tap water samples minimum total solids 

recorded was 70 mg/lit (KMC tap,) in summer and 170 mg/lit (KMC tap2) in rainy 

season respectively. The total solids recorded for corporation was 124.4 mg/lit.

GP|- GP2: The water samples collected from (GP2) site shows both maximum 

and minimum concentration of 420 mg/lit and 110 mg/lit respectively, with the average 

of 198.3 mg/lit. All water samples from KMC tap and Grampanchayat were within the 

limit.

2.3.11 Total Dissolved Solids:

Many dissolved substances are undesirable in water. Dissolved minerals, gases 

and organic constituents may produce aesthetically displeasing colour, taste and odour. 

Conductivity measurements are roughly proportional to the filterable residue i.e. total 

dissolved solids. It may be used to advantage selecting the proper size of sample for 

residue determination.
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Total dissolved solids indicate the general quality of water. The bulk of TDS 

includes bicarbonate, sulphates and chlorides of calcium, magnesium, sodium, potassium, 

silica, nitrate and boron from a minor part of the dissolved solids in ground water. 

Groundwater contains dissolved salts in such concentrations so as to make them unusable 

for ordinary water supply purposes. Ground water containing more than 1000 mg/lit of 

TDS is considers as saline waters. Actually an important aspect of TDS with respect to 

drinking water quality is the effect on taste. The portability of water with TDS level less 

than 600 mg/lit is generally consider to be good, at TDS level greater than 1200 mg/lit, 

drinking water becomes increasingly non potable.

The Figure-12 shows the minimum, maximum and average values of total 

dissolved solids at each sampling site during three seasons. Correlation coefficient 

between Total Dissolved Solids and other water quality parameters are given in Table-5. 

Total dissolved solids showed positive correlation with alkalinity, chlorides and nitrates.

The whole period of investigation showed the over all average value of total 

dissolved solids was 312.0 mg/lit. 20 mg/lit (KMC tapi) recorded in summer and 

13 lOmg/lit (BR6) in rainy season, was the lowest and highest concentrations of total 

dissolved solids. Except Grampanchayat and KMC water samples 160 mg/lit at (HP3), 

(HP4) both recorded in summer season was the lowest total dissolved solids concentration 

for ground water samples.

According to WHO and MWH 500 mg/lit and 1500 mg/lit are the highest 

desirable and maximum permissible concentrations respectively. All water samples were 

within maximum permissible limit.

HPi - HP5: The average total dissolved solids calculated for hand pumps was 

308.0 mg/lit. The highest total dissolved solids estimated was 740 mg/lit (HPi) in rainy 

season and lowest of 160 mg/lit at (HP3) (HP4) both in summer season. All hand pump 

water samples except (HPi) and (HP4) in rainy season were within the limit of 500 mg/lit.
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BR, - BR6: In case of bore wells the maximum concentration of total dissojved 

solids wasl310 mg/lit (BRe) in rainy season and minimum was 170 mg/lit (BR5) in 

summer. The average total dissolved solids value was 528.9 mg/lit which was the highest 

average value considering all sampling stations. All water samples from (BRi) and (BR6) 

cross the highest desirable limit. But from (BR4) and (BR5) were within limit. Also from 

(BRi) and (BR3) only in summer TDS values were within limit.

W, - W3: The amount of total dissolved solids estimated in well water samples 

varies as lowest 260 mg/lit (Wi) in summer and highest 1190 mg/lit (W2) in rainy season. 

The average total dissolved solid was 522.2 mg/lit. All water samples collected from 

(W2) and (W3) cross the limit except at (W2) in winter and at (Wi) in in all the three 

seasons TDS values were with in limit.

KMC tapi-KMC tap3: The maximum and minimum amount of total dissolved 

solids estimated from KMC tap water samples was 100 mg/lit (KMC tap3) and 20 mg/lit 

(KMC tapi) respectively both in summer with an average of 70 mg/lit.

GPi- GP2: Grampanchayat water samples showed maximum 320 mg/lit in 

summer and minimum of 70 mg/lit in rainy season from same sampling site (GP2) with 

an average of 131.7 mg/lit. The KMC tap and Grampanchayat water samples where 

within the prescribed limit.

3.2.12 Alkalinity

Total alkalinity is the measure of the capacity of the water to neutralise a strong 

acid and is characterised by the presence of all hydroxyl ions capable of combing with 

the hydrogen ion. A number of bases such as carbonates, bicarbonates, silicates, borate 

etc. contribute to the alkalinity. In natural water most of the alkalinity is caused due to 

free carbon dioxide.

From the results obtained in the present study, it was observed that the overall 

average concentration of total alkalinity was 168.7 mg/lit. The seasonal variation was in 

the wide range of 40.0 mg/lit (KMC tap3) to 460.0 mg/lit. (BR|).

V.

f



In case of only ground water samples 105.0 mg/lit was the lowest total alkalinity 

recorded in winter season and highest of 460 mg/lit (BR|) in rainy season. Most of the 

samples showed increased alkalinity in rainy season this should be due to the weathering 

and leaching of basaltic rocks. All ground water samples showed alkalinity due to the 

presence of bicarbonate ions only where carbonate or phenolphthalein alkalinity was 

zero. Almost all ground water samples showed total alkalinity less than total hardness 

indicating the presence of calcium and magnesium.

The Figure-13 showed the minimum, maximum and average values of alkalinity 

at each sampling site during three seasons. Correlation coefficient between alkalinity and 

other water quality parameters are given in Table-11. Alkalinity showed slight positive 

correlation with chlorides and nitrates.

HPi - HPS: In case of hand pumps the maximum total alkalinity estimated was 

430 mg/lit (HPi) in rainy season and minimum was to be 105.0 mg/lit (HP5) in winter 

season which was the lowest total alkalinity considering all ground water samples. The 

average total alkalinity was 226.3 mg/lit. The water samples from (HP3) and (HP5) sites 

showed alkalinity within the standard limit of 200 mg/lit.

BR, - BRg: The average value of total alkalinity for bore well samples was 

249.83 mg/lit. Minimum alkalinity estimated recorded was 120.0 mg/lit (BR5) in winter 

season and maximum of 460 mg/lit (BRi) in rainy season, which was the highest total 

alkalinity, estimated during the course of study. The ground water samples from (BR]) 

(BR2) (BR3) and (BR4) exceeds the standard limit except water samples from (BR5) and 

(BR6) sites.

W, - W3: The well water samples showed maximum total alkalinity of 320mg/lit 

(Wj) in rainy season and minimum of 120mg/lit (W3) in winter season. Well water 

collected from (Wj) site exceed the standard limit other (W2), (W3) showed the total 

alkalinity within the prescribed limit.
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KMC tapi-KMC tap3: KMC tap water samples showed maximum of 190 

mg/lit (KMC tapi) in summer and minimum of 40 mg/lit (KMC tap?) in winter season 

with an average total alkalinity of 91.67 mg/lit.

GP,- GP2: For Grampanehayat water samples the minimum and maximum 

total alkalinity recorded was 40 mg/lit (GPi) in summer and 120 mg/lit (GP2) in rainy 

season respectively. The average value of total alkalinity was 75.83 mg/lit. 

Grampanehayat and KMC tap water samples showed total alkalinity with in the standard 

limit.

3.2.13 Chlorides:

The large content of chlorides in water is indication of organic pollution. (Thrash 

et. al. 1944). Chlorides occur naturally in all types of waters. In natural freshwaters, its 

concentration remains quite low and is generally less than that of sulphates and 

bicarbonates. The most important source of chlorides in the water is discharge of 

domestic sewage. In natural freshwater high concentration of chlorides is consider to be 

an indicator of pollution due to organic wastes of animal origin. Man and other animals 

excrete very high quantities of chlorides together with nitrogenous compounds. Industries 

are also important sources of chlorides.

The figure-14 shows the minimum, maximum and average values of chlorides at each 

sampling site during study period. Correlation coefficient between chlorides and other 

water quality parameters are given in Table-11. Chlorides showed positive r- value of 

0.471 with nitrate.The average value of chloride of all sampling stations during the total 

period of investigation was 89.41 mg/lit. The highest and lowest chlorides that estimated 

during the study course were 286.8mg/lit (W2) in rainy season and 8.2 mg/lit (KMC tap?) 

in winter season.

According to WHO 200 mg/lit and 600 mg/lit are the highest desirable and 

maximum permissible limits for chlorides. All water samples were with in maximum 

permissible limit.
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HPj - HP5: The average concentration of chlorides for hand pumps was 82.41 

mg/lit. The maximum chloride concentration estimated was 194.5 mg/lit (HP4) in rainy 

season and lowest of 22.72 mg/lit (HP5) in winter season. All hand pumps water samples 

showed chloride concentration with in the limit (200.0 mg/lit.).

BRi - BR^: In case of bore wells minimum chlorides estimated was 22.72 mg/lit. 

at (BRs) in winter season and maximum of 232.0 mg/lit. (BR6) in rainy season. The 

average value of chlorides was 95.5 mg/lit. All bore well water samples were within limit 

of 200 mg/lit except for (BR$) site during all the three seasons.

W, - W3: The average value of chlorides in case of open well water was 209.2 

mg/lit. Which was the highest average chloride concentration among all sampling 

stations. The highest and lowest value recorded was 286.8 mg/lit. (W2) in rainy season 

and 44.07 mg/lit (W,) respectively. Water samples collected from W2 and W3 exceeded 

the standard limit.

KMC tap,-KMC tap3: KMC tap water samples showed maximum 19.02 mg/lit 

(KMC tap,) and minimum 8.52 mg/lit (KMC tap3) of chlorides with an average of 12.21 

mg/lit.

GP,- GP2: The maximum concentration of chlorides estimated was 139.7 mg/lit 

(GP2) in rainy season and minimum of 12.78 mg/lit. (GP,) in winter season. The average 

value of chlorides for Grampanchayat water samples was 47.66 mg/lit. The chloride 

concentrations of corporation and Grampanchayat water samples were within the 

standard limit during the course of study.

3.2.14 Nitrate (Mg/lit)

Nitrates are generally present only in trace amount in water. The most important 

source of the nitrate is biological oxidation of organic nitrogenous substances, which 

come in sewage and industrial waste or are produced indigenously in water. Domestic
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sewage, run-off from agricultural fields contain high amount of nitrate. This high amount 

of nitrates in water is generally indicative of pollution.

The Figure-15 shows the minimum, maximum and average values of nitrates at 

each sampling site during study. The average value of 9.33 mg/lit of nitrate was recorded 

during the study period. The seasonal variation in the nitrate ranged between 3.6 mg/lit 

(KMC tap2) to 30.4 mg/lit (BR4), In case of ground water samples the highest amount of 

nitrate estimated was 30.4 mg/lit at (BR4) site in rainy season and lowest of 4.2 mg/lit at 

(Wj) in winter season. During the entire period of investigation water samples collected 

at all sampling stations showed nitrate levels within the standard limit of 45 mg/lit.

HP, - HP5: The average value of nitrates for water samples collected from hand 

pumps was 9.46 mg/lit. The highest value of nitrate estimated was 15.8 mg/lit (HP2) in 

rainy season and lowest of 4.3 mg/lit (HP,) in winter season.

BR, - BR6; In case of bore wells the lowest concentration of nitrate estimated 

was 5.2 mg/lit (BR3) in winter season and highest concentration was 30.4 mg/lit (BR4) in 

rainy season. The average value was 14.83 mg/lit which was the highest average value of 

nitrate in overall averages during the course of study.

W, - W3: The amount of nitrate estimated in open well waters varied as lowest 

of 4.2mg/lit (W,) in winter season and highest of 28.0 mg/lit (W3) in rainy season was 

observed. The average value of nitrate recorded was 13.42 mg/lit.

KMC tap,-KMC tap3: The maximum nitrates estimated from KMC tap water 

samples was recorded as 4.6 mg/lit at (KMC tap,) and (KMC tap3) in rainy and summer 

season respectively with minimum of 3.6 mg/lit (KMC tap2) in winter season and average 

of 4.11 mg/lit.

GP,- GP2: The Grampanchayat water sample showed highest of 6.2 mg/lit (GP|) 

in rainy season and lowest of 4.1 mg/lit (GP2) in rainy season. The average value was 

4.85 mg/lit.
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