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Introduction 
Water is the manna of life. Clean water is the best form of medicine 

available to mankind, animals and plants.  At the dawn of civilization, 
settlements were built along river banks. Population size was less. 
Surface water was the main resource.  Gradually, exponential rise in 
population size led to pollution and depletion of river water. People 
took recourse in groundwater believing that it is safe in all respects. 
From quenching thirst, washing, cleaning, use for agriculture to 
operation of high-power industries, groundwater plays a very vital role. 
This indispensable resource is a victim of over-exploitation, pollution 
and exhaustion. Rate of groundwater development and management is 
not at par with rate of utilization. Presently India is the biggest user of 
groundwater for agriculture in the world [1]. The stage of groundwater 
development is about 61%. The development has not been uniform 
in different areas of the country [2]. The treatment of groundwater as 
a general property and various socio-economic conditions make the 
groundwater resource management problem more complex. 

Aquifer waters suffer from pervasive contamination. Unlike rivers, 
the damage is generally irreversible. Rate of groundwater renewal is 
very slow in comparison with that of surface water. Since water in 
aquifers moves through Earth at snail’s pace, the pollutants continue to 
accumulate. So the amount of clean water available is diminishing. The 
hydrochemistry of groundwater depends on source of groundwater 
itself, ion-exchange process, interaction with aquifer material [3] and 
reaction of the water with the rocks and sediments through which they 
flow [4-9]. There are various physico-chemical parameters which play 
a vital role regarding the quality of groundwater for consumption and 
irrigation purposes. If the concentration of any parameter is above 
the prescribed limit [10,11] there can be serious health issues. Several 
workers have assessed the groundwater quality and its suitability for 

drinking and irrigation purposes [12-20]. The groundwater quality 
and its suitability in the Oshnavieh area, Iran has been assessed [21] 
based on physical and chemical parameters.  The hydrochemistry 
and groundwater suitability for irrigation and drinking purposes in 
different parts of the world have also been evaluated [22-26].  Detailed 
hydrochemical analysis of water samples from the coastal tract of south 
Orissa has been carried out to assess the quality of groundwater in the 
region [27]. Ground water quality zonation was done in Nalgonda 
district using GIS techniques [28]. Assessment of quality of this vital 
resource and monitoring of its different parameters is essential for 
particularly water from those sources which serve as drinking water 
sources [29-40]. Groundwater quality has been deteriorating over the 
last few decades due to massive rise in rate of industrialization and 
population [41,42].

The present work aims at finding the groundwater quality of 
Rajnagar block of Birbhum district, West Bengal and hence determining 
its suitability for drinking and irrigation purposes. This block has semi-
arid climate and people are mostly dependent on groundwater for 
irrigation. 
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Abstract
Groundwater is indispensible for continuity of life and sustainability of ecosystem. It is needed in almost every 

sphere of human activity. Hence, this study is aimed at assessing the ground water quality in Rajnagar block, Birbhum 
district, West Bengal, India, with respect to drinking and irrigation uses. 

A total of 17 groundwater samples each for both post- and pre-monsoon periods have been collected. The physical 
parameters pH, Electrical Conductivity (EC), Total Dissolved Solids (TDS) have been determined in the field itself. The 
samples were analysed for cations like Ca, Mg, Na, K and anions like Cl, HCO3 and SO4. Overall, the groundwater in 
the study area is found to be slightly acidic to basic (pH ranging from  6.32 and 7.26 in pre-monsoon and 6.3 to 7.33 in 
post-monsoon) and moderately hard to very hard (Total Hardness ranging from 109.39 mg/L and 2328.43 mg/L in pre-
monsoon and 60.6 mg/L and 969.79 mg/L in post-monsoon) in nature. Concentration of sulphate is above the maximum 
permissible limit in seven of the post-monsoon samples. Piper’s diagram indicates groundwater is mostly of bicarbonate 
type. Groundwater of the study area is moderately suitable for drinking. Water Quality Indices (WQI) indicates 75% 
of pre-monsoon samples are excellent to good for drinking purposes whereas the value reduces to 56% during post-
monsoon. The calculated values of Sodium Adsorption Ratio (SAR), Residual Sodium Carbonate (RSC) and Soluble 
Sodium Percentage (SSP) indicate well to permissible range of water for use in irrigation. Magnesium Adsorption Ratio 
(MAR) and RSC values at some sites limit use for agricultural purposes. Ground water chemistry is controlled by rock-
water interaction as expressed by Gibb’s diagram.



Citation: Nag SK, Suchetana B (2016) Groundwater Quality and its Suitability for Irrigation and Domestic Purposes: A Study in Rajnagar Block, 
Birbhum District, West Bengal, India. J Earth Sci Clim Change. 7: 337. doi:10.4172/2157-7617.1000337

Page 2 of 15

Volume 7 • Issue 2 • 1000337
J Earth Sci Clim Change 
ISSN:2157-7617 JESCC, an open access journal 

The groundwater quality of the area needs to be continuously 
monitored to get the long-term sustainability. In view of this, an 
attempt has been made to analyze the groundwater quality of the study 
area to determine the exact level of physico-chemical parameters giving 
emphasis on its irrigation and domestic suitability. Attempts have also 
been made to have graphical representation showing contour maps for 
various water quality parameters which aids policy makers in taking 
rapid decision on rational use and further exploitation of this resource. 
Since there has been no previous study on groundwater quality of this 
block, this study will serve as guideline at exhaustively discussing the 
groundwater quality of Rajnagar block in future. 

Study Area
Rajnagar (community development block) is an administrative 

division in Suri Sadar subdivision of Birbhum district in West Bengal, 
India (Figure 1). It is located on the western edge of the district, 
bordering on Jharkhand. The latitudinal and longitudinal extents are 
23.87°N to 24.05°N and 87.24°E to 87.46°E. It has an area of 221.20 
km2. It has an average elevation of 101 m (331 ft). The block experiences 
hot and humid tropical climate. Summer begins from mid-March and 
continues till June with scorching heat and temperatures soaring up 
to 48°C. South west monsoon laden winds bring rains from June to 
October. Annual rainfall varies from 1100-1400 mm. Dry, bitter winters 
are experienced from November to February with temperatures falling 
to 4-5°C. It is a drought prone block.

The entire block has an undulating topography. The western and 
south western parts are more rugged compared to the eastern part.  
It is marked by upland, ridges with frequently dissected riverine 
network. Geological formation comprises of Archaean basement 
made up of granite, granite-gneiss, biotite schist and calc-granulite. 
It is unconformably overlain by flaggy shales, clays and compact 

sandstones (Dubrajpur beds) of Lower Jurassic age followed by recent 
laterites, lateritic gravel and alluvium [43]. Major soil types are red 
sandy and loamy soil, lateritic soil and older and younger alluvial soil. 
Ferrugenous concretions known as duricrusts are present in soil.

Materials and Methods
In the present study, base map showing locations of investigating 

points has been prepared using SoI Topo sheets 73 M/1, 73 M/2 and 72 
P/8. The GIS and image processing software TNT Mips 2012 has been 
used to prepare the study area maps. The maps available have been 
scanned and imported into TNT Mips 2012 and the locations of the 
sampling points have been imported through point import function.

Seventeen (17) groundwater samples each were collected from bore 
wells for two different periods, post-monsoon in November 2014 and 
pre-monsoon in May 2015 (Figure 1). Each sample was collected in 
acid-washed polyethylene 500 ml bottle. Before collection of water in a 
particular bottle, the bottle was rinsed thoroughly with the respective 
samples of the groundwater. Sample location was written on the bottle 
and suitable preservatives were added for storage till completion of 
quantitative chemical analysis. The bottle was filled to the brim with 
water taking care that no air bubble was trapped within the water 
sample. In order to prevent evaporation, the bottles were sealed with 
double plastic caps and precaution was also taken to avoid sample 
agitation during transfer to the laboratory. Immediately after collection, 
samples were transferred to the laboratory. 

The pH, electrical conductivity (EC) and total dissolved solids 
(TDS) values in samples were recorded in the field itself using Hanna 
portable pH-EC-TDS meter instrument. Samples were analyzed 
in the laboratory for the major ionic concentrations employing 
standard methods [44]. Concentrations of major cations like Calcium 

Figure 1: Study area map of Rajnagar block, Birbhum, West Bengal.
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(Ca2+), Magnesium (Mg2+), Sodium (Na+) and Potassium (K+) were 
determined by flame atomic absorption spectrophotometer and the 
concentration of major anions chloride (Cl-) and sulphate (SO4

2-) have 
been determined by ion chromatography. Bicarbonate (HCO3

-) was 
determined by acid titration with HCl. 

The concentration of various ions as obtained from chemical 
analysis of ground water samples were converted to milliequivalent/
litre (meq/L) and used to derive certain parameters. They are 
Sodium Adsorption Ratio (SAR), Soluble Sodium Percentage (SSP), 
Magnesium Adsorption Ratio (MAR), Residual Sodium Carbonate 
(RSC), Permeability Index (PI), Kelly’s ratio (KR) and Total Hardness 
(TH). These parameters help to evaluate the irrigational as well as 
domestic suitability of ground water in the study area. Moreover, 
these values were plotted on graphical diagrams like U.S.Salinity [45], 
Wilcox, Doneen and Piper diagrams to determine the suitability of 
ground water for agricultural and drinking purposes.

Results and Discussion
Physico-chemical parameters of groundwater

pH is the measure of acidity or basicity of an aqueous solution. 
Solutions with a pH less than 7 are said to be acidic and solutions with 
a pH greater than 7 are basic or alkaline. Pure water has a pH very close 
to 7. During pre-monsoon period the pH varies between 6.32 and 7.26 
(Table 1) with an average of 6.77. During post monsoon period the 
value varies from 6.3 to 7.33 with an average of 6.83 (Table 1). Contour 
maps (Figure 2a and 2b) indicate that post-monsoon groundwater is 
more basic.

Electrical Conductivity (EC) is the measure of its ability to conduct 
electrical current through ionic charge carriers. The ease with which 
the current moves through water is related to the amount of dissolved 
salt (Na+, Ca2+, Mg2+, K+, Cl-, SO4

2-, HCO3
- and CO3

2-) predominant. 
During pre-monsoon period electrical conductivity varies from 100 μS/
cm to 2200 μS/cm (Table 1) with an average of 556.47 μS/cm. During 
post-monsoon period it varies from 110 μS/cm to 1640 μS/cm with 
an average of 558.82 μS/cm (Table 1). Figure 3a and 3b represent the 
spatial and temporal variation of EC. The values are higher during 
pre-monsoon period, indicating the water has higher concentration of 
dissolved ions.

Total Dissolved Solids (TDS) is the sum of all inorganic salts and 
small amounts of organic matter present in solution in water. The 
presence of excess dissolved solids in water affects its palatability. A high 
level of TDS is objectionable because it imparts bad taste and causes 
excessive scaling in water pipes, boilers and household appliances. Pre-
monsoon values range from 50 mg/L to 1080 mg/L with an average 
of 268.23 mg/L, whereas post-monsoon values vary between 50 mg/L 
and 820 mg/L with an average of 277.64 mg/L (Table 1). Pre-monsoon 
values are higher. Figure 4a and 4b represents the spatial distribution of 
TDS. Considering the classification of water on the basis of TDS [46], 
the waters can be classified into fresh (TDS <1000 mg/L). 

The sources of calcium and magnesium in groundwater are 
weathering of primary minerals such as hornblende, mica, feldspar, 
calcite and dolomite. In humans and animals they are essential 
nutrients for strength of teeth and bones. They help in strengthening of 
cell wall structure, metabolic processes and nutrient uptake in plants. 
But excess calcium and magnesium leads to hardness of water. Hard 
water leads to formation of scums and corrodes pipes. It interferes with 
the cleansing action of detergents. In general Calcium and Magnesium 
maintains a state of equilibrium in most groundwater [47,48]. The Lo

ca
tio

n 
 N

o.
Lo

ca
tio

n 
N

am
e

pH
TD

S
EC

TA
N

a+
C

a²
+

M
g²

+
K

+
H

C
O

3
C

l
SO

4²+

R
aj

na
ga

r
P

os
t

P
re

P
os

t
P

re
P

os
t

P
re

P
os

t
P

re
P

os
t

P
re

P
os

t
P

re
P

os
t

P
re

P
os

t
P

re
P

os
t

P
re

P
os

t
P

re
P

os
t

P
re

S
1

G
ul

ag
ac

hi
7.

03
6.

69
24

0
19

0
49

0
39

0
55

7
22

0
56

30
47

.0
4

47
.0

4
32

.4
4

88
.0

7
2.

5
3.

0
28

0.
6

26
8.

4
49

.9
8

69
.9

8
29

3.
96

19
.5

4
S

2
M

uk
tip

ur
6.

58
6.

32
82

0
68

0
16

40
13

80
72

6
30

0
79

44
19

3.
2

20
4.

96
11

6.
83

20
3.

75
5.

2
7.

0
36

6
36

6
34

9.
89

37
4.

88
15

45
.0

4
94

.3
4

S
3

A
ba

dn
ag

ar
7.

01
6.

95
79

0
31

0
15

70
64

0
38

7
25

0
10

9
26

13
7.

76
33

6
91

.3
1

70
.2

7
2.

6
10

.0
19

5.
2

30
5

26
9.

92
84

.9
7

58
5.

66
5.

19
S

4
A

ra
li 

R
aj

na
ga

r
6.

91
6.

58
58

0
42

0
11

50
84

0
48

4
42

0
93

46
13

6.
08

11
9.

28
75

.1
3

14
4.

62
3.

6
3.

0
24

4
51

2.
4

17
9.

94
13

9.
96

74
4.

08
23

.8
7

S
5

A
lig

ar
7.

03
6.

83
14

0
11

0
29

0
24

0
46

0
15

0
41

24
26

.8
8

25
.2

21
.7

5
50

.4
6

1
1.

0
23

1.
8

18
3

16
9.

95
29

.9
9

12
0.

39
11

.2
5

S
6

Ja
yp

ur
7.

07
7.

02
17

0
15

0
35

0
31

0
26

6
18

0
46

26
31

.9
2

38
.6

4
26

.3
7

60
.8

4
1.

6
2.

0
13

4.
2

21
9.

6
29

.9
9

34
.9

9
10

5.
4

11
.7

8
S

7
Ti

la
bo

ni
7.

25
6.

48
14

0
10

0
28

0
20

0
38

7
12

0
44

23
28

.5
6

20
.1

6
21

.3
4

37
.0

5
3.

1
1.

0
19

5.
2

14
6.

4
15

29
.9

9
75

.5
8

5.
68

S
8

Ta
ba

du
m

ra
7.

3
6.

67
11

0
17

0
22

0
33

0
46

0
22

0
29

29
26

.8
8

38
.6

4
17

.8
4

60
.8

4
1

1.
0

23
1.

8
26

8.
4

15
24

.9
9

61
.2

4
15

.7
S

9
K

an
m

or
a

6.
95

7.
04

11
0

60
22

0
13

0
43

6
80

30
16

21
.8

4
10

.0
8

15
.1

7
20

.9
6

1
0.

8
21

9.
6

97
.6

24
.9

9
19

.9
9

65
.9

1
1.

87
S

10
H

ar
ip

ur
6.

65
6.

69
70

15
0

14
0

32
0

82
3

17
0

25
28

13
.4

4
38

.6
4

6.
48

69
.6

3
1.

1
1.

0
41

4.
8

20
7.

4
24

.9
9

44
.9

9
77

.2
9.

14
S

11
G

an
es

pu
r

6.
77

6.
99

80
15

0
17

0
30

0
75

0
23

0
27

21
20

.1
6

47
.0

4
10

.7
60

.7
5

1.
3

4.
0

37
8.

2
28

0.
6

39
.9

9
19

.9
9

62
.6

9
3.

62
S

12
S

aj
in

a
6.

33
6.

76
23

0
15

0
45

0
31

0
72

6
11

0
39

23
42

35
.2

8
26

.8
4

64
.5

9
1.

7
2.

0
36

6
13

4.
2

64
.9

8
59

.9
8

55
9.

55
26

.2
2

S
13

P
at

ha
rc

hu
pr

i
6.

63
6.

56
80

50
17

0
11

0
62

9
18

0
33

17
16

.8
10

.0
8

9.
56

21
.9

4
7.

1
1.

0
31

7.
2

21
9.

6
19

.9
9

15
66

5.
59

3.
7

S
14

M
ad

ha
ip

ur
6.

61
7.

02
59

0
58

0
11

90
13

10
19

0
32

0
11

8
67

90
.7

2
75

.6
15

1.
59

4.
98

4.
6

6.
0

14
6.

4
39

0.
4

19
9.

94
24

4.
92

12
1.

19
57

.8
2

S
15

C
ha

nd
ra

pu
r

6.
6

6.
63

34
0

10
80

68
0

22
00

10
41

36
0

44
60

67
.2

28
3.

92
14

.8
4

38
8.

47
3

5.
0

52
4.

6
43

9.
2

11
4.

96
64

9.
8

27
8.

81
10

9.
28

S
16

Ta
nt

ip
ar

a
6.

69
6.

59
18

0
16

0
38

0
35

0
79

9
15

0
35

21
42

45
.3

6
31

.7
2

64
.0

8
1.

4
2.

0
40

2.
6

18
3

16
9.

95
59

.9
8

16
5.

51
15

.9
9

S
17

R
aj

na
ga

r
7.

17
7.

26
50

50
11

0
10

0
48

4
80

19
12

53
.7

6
13

.4
4

0.
55

18
.1

9
5

0.
8

24
4

97
.6

10
74

.9
8

58
.3

4
3.

78
M

in
.

6.
33

6.
32

50
50

11
0

10
0

19
0

80
12

12
13

.4
4

10
.0

8
0.

55
4.

98
1

0.
8

13
4.

2
97

.6
10

15
58

.3
4

1.
87

M
ax

.
7.

3
7.

26
82

0
10

80
16

40
22

00
10

41
42

0
11

8
67

19
3.

2
33

6
15

1.
59

38
8.

47
7.

1
10

52
4.

6
51

2.
4

34
9.

89
64

9.
8

15
45

.0
4

10
9.

28
M

ea
n

6.
86

6.
77

27
7.

64
26

8.
23

55
8.

82
55

6.
47

56
5

20
8.

23
51

30
.1

8
58

.6
0

81
.7

3
39

.4
4

84
.0

9
2.

75
2.

97
6

28
7.

78
25

4.
05

10
2.

91
11

6.
43

32
8.

60
24

.6
3

M
ed

ia
n

6.
91

6.
69

17
0

15
0

35
0

32
0

48
4

18
0

41
26

42
38

.6
4

21
.7

5
60

.8
4

2.
5

2
24

4
21

9.
6

49
.9

8
59

.9
8

12
1.

19
11

.7
8

S
td

.D
ev

.
0.

27
0.

24
25

5.
13

27
6.

79
50

6.
52

57
0.

97
22

1.
26

97
.2

9
30

.1
8

15
.2

9
51

.5
0

98
.6

0
43

.0
0

91
.9

4
1.

81
2.

64
10

6.
71

11
8.

69
10

3.
08

16
6.

49
39

2.
37

32
.0

8
N

ot
e:

 T
D

S
: T

ot
al

 D
is

so
lv

ed
 S

ol
id

s 
(m

g/
l);

 E
C

: E
le

ct
ric

al
 C

on
du

ct
iv

ity
 (µ

S
/c

m
); 

TA
: T

ot
al

 A
lk

al
in

ity
 (m

g/
l);

 N
a-

S
od

iu
m

 (m
g/

l);
 C

a-
C

al
ci

um
(m

g/
l) 

;  
M

g-
M

ag
ne

si
um

 (m
g/

l);
 K

-P
ot

as
si

um
 (m

g/
l);

  H
C

O
3- -B

i-C
ar

bo
na

te
 (m

g/
l);

 
C

l- -C
hl

or
id

e 
(m

g/
l);

 S
O

42-
-S

ul
fa

te
 (m

g/
l);

 F
-  -

 F
lu

or
id

e 
(m

g/
l).

Ta
bl

e 
1:

 C
he

m
ic

al
 a

na
ly

si
s 

re
su

lts
 [P

os
t-m

on
so

on
 s

es
si

on
 (N

ov
em

be
r 2

01
4)

 a
nd

 P
re

-m
on

so
on

 s
es

si
on

 (M
ay

 2
01

5)
].



Citation: Nag SK, Suchetana B (2016) Groundwater Quality and its Suitability for Irrigation and Domestic Purposes: A Study in Rajnagar Block, 
Birbhum District, West Bengal, India. J Earth Sci Clim Change. 7: 337. doi:10.4172/2157-7617.1000337

Page 4 of 15

Volume 7 • Issue 2 • 1000337
J Earth Sci Clim Change 
ISSN:2157-7617 JESCC, an open access journal 

Figure 2: Spatial distribution of pH (a. Pre-monsoon, b. Post-monsoon).

Figure 3: Spatial distribution of EC (a. Pre-monsoon, b. Post-monsoon). 

Figure 4: Spatial distribution of TDS (a. Pre-monsoon, b. Post-monsoon).

concentration of calcium in the water samples collected vary from 
13.44 to 193.2 mg/L with an average of 58.60 mg/L (post-monsoon) 
and 10.08 to 336.0 mg/L with an average of 81.73 mg/L (pre-monsoon) 
(Table 1). Figure 5a and 5b show the spatial distribution of calcium 
in pre- and post-monsoon periods. The concentration of magnesium 

in the water samples collected vary from 0.55 to 151.59 mg/L with an 
average of 39.44 mg/L (post-monsoon) and 4.98 to 388.47 mg/L with 
an average of 84.09 mg/L (pre-monsoon) (Table 1). Figure 6a and 6b 
show the spatial distribution of magnesium in pre- and post-monsoon 
period. 
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Sodium is a highly soluble chemical element which often occurs 
naturally in groundwater. Although it does not smell, it imparts awkward 
taste to the water at concentrations of 200 mg/L or more. Common 
sodium bearing minerals are feldspars, sodalite and evaporites. Most 
compounds are highly water soluble. Increased intake of sodium in 
drinking water is detrimental to people suffering from hypertension, 
heart disease or kidney problems [49]. The concentration of sodium in 
the water samples collected vary from 19 to 118 mg/L with an average 
of  51 mg/L (post-monsoon) and 12 to 67 mg/L with an average of  
30.18 mg/L (pre-monsoon) (Table 1). Hence all samples are within 

permissible limit i.e. less than 200 mg/L. Figure 7a and 7b represent the 
spatial distribution of sodium during pre- and post- monsoon periods 
in the study area. 

Potassium controls body balance and maintains normal growth of 
the human body. Deficiency of potassium might lead to weakness of 
muscles and rise in blood pressure. The concentration of potassium in 
the water samples collected vary from 1.00 to 7.1 mg/L with an average 
of 2.75 mg/L (post-monsoon) and 0.8 to 10.0 mg/L with an average of 
2.98 mg/L (pre-monsoon) (Table 1).

Figure 6: Spatial distribution of Magnesium ions (a. Pre- monsoon, b. Post- monsoon).

Figure 7: Spatial distribution of Sodium ions (a. Pre- monsoon, b. Post- monsoon).

Figure 5: Spatial distribution of Calcium ions (a. Pre-monsoon, b. Post-monsoon).
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No standard limits have been provided by the Bureau of Indian 
Standards for level of sodium and potassium in drinking water.

Chloride is found naturally in groundwater through the weathering 
and leaching of sedimentary rocks and soils and the dissolution of 
salt deposits. Chloride is often attached to sodium, in the form of 
sodium chloride (NaCl). Sodium chloride imparts saline taste to water. 
Deficiency of chloride in plants leads to leaf mottling and chlorosis. 
Chloride toxicity symptoms in plants are: leaf margins are scorched 
and abscission is excessive, leaf size is reduced and may appear to be 
thickened and plant growth is stunted. The concentration of chloride 
in the water samples collected vary from 10.00 to 349.89 mg/L with an 
average of 102.91 mg/L (post-monsoon) and 15.0 to 649.8 mg/L with 
an average of 116.43 mg/L (pre-monsoon) (Table 1). Figure 8a and 
8b show the spatial distribution of chloride in pre and post-monsoon 
period. 

The concentration of Bi-carbonate in the water samples collected 
vary from 134.2 to 524.6 mg/L with an average of 287.78 mg/L (post-
monsoon) and 97.6 to 512.4 mg/L with an average of 254.05 mg/L (pre-
monsoon) (Table 1)). 

Sulphate ions do not have any significant detrimental effect on 
plants and animals. It is essential nutrient for plants. Excess sulphate 
concentration increases salinity and hardness of water. At levels above 
1000 mg/L, sulphate in drinking water can have a laxative effect. 
Sulphur bacteria may produce a dark slime or deposits of metal oxides 
that develop as a result of the corrosion of metal pipes. Sulfate ion 
varied from 58.34 to 1545.04 mg/L during the post-monsoon with an 
average of 328.60 mg/L and from 1.87 to 109.28 mg/L in pre-monsoon 

seasons with an average of 24.63 mg/L. Figure 9a and 9b shows the 
spatial distribution of sulphate in pre- and post-monsoon period. 

Total Alkanity value of water gives us an idea of natural salts present 
in water. Alkanity of water is its capacity to neutralize a strong acid 
and it is normally due to the presence of bicarbonates, carbonates and 
hydroxide compounds of calcium, sodium and potassium. According 
to BIS the permissible range of TA in groundwater is 200 - 600 mg/l. 
The total alkanity values for all the investigated samples were found to 
be greater in post-monsoon samples S2, S10 – S13, S15 and S16 (Total 
seven) exceeds the range whereas all samples in pre-monsoon fall 
within the prescribed range.

Correlation of physicochemical parameters of groundwater

Correlation coefficient is commonly used to establish the 
relationship between two variables. It is simply a measure to exhibit 
how well one variable predicts the other [50]. The correlation matrices 
for eleven (11) variables have been prepared for post-monsoon 2014) 
(Table 2) and pre-monsoon 2015 (Table 3). From the Table 2, it is clear 
that EC and TDS show good positive correlation with Na, Ca and Mg. 
TDS and EC also exhibit high positive correlation with Cl ions. EC 
and TDS also exhibit good correlation with SO4 during post-monsoon 
period. During pre-monsoon period (Table 3), EC and TDS show good 
positive correlation with Na, Mg, Cl and SO4. TDS and EC also exhibit 
good correlation with TA, Ca and HCO3. 

Irrigation water quality 

The overall irrigational water quality of the samples collected, 

Figure 8: Spatial distribution of Chloride ions (a. Pre- monsoon, b. Post- monsoon).

 
 
 
 
 
 
 
 
 
 
 

Figure 9: Spatial distribution of Sulphate ions (a. Pre- monsoon, b. Post- monsoon).
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certain parameters have been derived. These include – (i) Sodium 
Adsorption Ratio (SAR), (ii) Soluble Sodium Percentage (SSP), (iii) 
Permeability Index (PI), (iv) Residual Sodium Carbonate (RSC), (v) 
Magnesium Adsorption Ratio (MAR) and (vi) Kelly’s Ratio (KR) 
[51,52]. The derived parameters have been shown in Table 4. Table 5 
represents classification of samples according to standards specified for 
different water quality parameters.

Sodium adsorption ratio (SAR): The sodium adsorption ratio 
(SAR) was calculated using the following equation: 

SAR = (Na+)/ {[(Ca2+) + (Mg2+)]/2}1/2              (1)[53]

Concentrations of all ions have been expressed in meq/L. 

High sodium concentration leads to development of alkaline soil. 
Alkaline soils are difficult to take into agricultural production. Due to 
the low infiltration capacity, rain water stagnates on the soil easily and, 
in dry periods, cultivation is hardly possible without copious irrigated 
water and good drainage. Sodium Adsorption Ratio (SAR) values are 
plotted against Electrical Conductivity (EC) values along Y-axis and 
X-axis respectively in U.S.Salinity diagram to classify water samples. 
In the present study the SAR values range from 0.7066 – 1.7602 in post 
monsoon with an average value of 1.33 and 0.3359 – 2.0114 during 
pre-monsoon with an average value of 0.66. Based on the SAR values 
all samples have low sodium hazard and on plotting over the U.S. 
Salinity diagram (Figure 10a and Figure 10b), the water samples fall in 
the C1-S1, C2-S1 and C3-S1 classes (post monsoon) and C1-S1, C2-S1, 
C3-S1 and C4-S1 classes (pre monsoon), and hence can be considered 
moderately suitable for irrigation.

Soluble sodium percentage (SSP):  It is calculated by the following 
equation [54]:

SSP= [(Na+ + K+)*100] / [Ca2+ + Mg2+ + Na+ + K+]                            (2)

All concentrations are in meq/L.

When concentration of sodium ion is high in irrigated water, 
it tends to be absorbed by clay particles, dispersing magnesium and 
calcium ions. This exchange process of sodium in water for Ca2+ and 
Mg2+ in soil reduces the permeability and eventually results in soil 
with poor internal draining. The SSP values range from 15.5366 – 
49.688 in post monsoon with an average value of 31.99 and 5.5503 – 
42.2295 during pre-monsoon with an average value of 15.79. Wilcox 
[55] diagram (Figure 11) is used for classification of irrigation waters. 
X-axis represented by electrical conductivity and Y-axis represented 
by soluble sodium percentage. In pre-monsoon samples most are in 
“excellent to good category”, two are in “good to permissible” category 
and one in “doubtful” category. In post-monsoon period most of the 
samples are in “excellent to good” and “good to permissible” category. 

Permeability index (PI): The permeability of soil is affected by 
sodium, calcium, magnesium and bicarbonate contents of irrigation 
water. Doneen [56] calculated the permeability index based on the 
formula

PI= {[Na + (HCO3)
1/2)]*100}/ (Ca+ Mg+ Na)                      (3)

All concentrations are in meq/L.

PI varies from 10.761 to 85.8385 with an average value of 73.46 in 
pre-monsoon period and from 25.7736 to 160.7093 in post-monsoon 
period with an average value of 40.72. Doneen’s chart for pre and 
post monsoon sessions have been presented in Figure 12a and 12b 
respectively. During post-monsoon, 9(nine) samples are in Class I 
category (>75% permeability), 5(five) samples are in Class II category 
(25%-75%) permeability and 3(three) samples are in Class III category 

pH TDS EC TA Na Ca Mg K HCO3 Cl SO4

pH 1
TDS 0.24 1
EC 0.24 0.99 1
TA 0.57 0.13 0.13 1
Na 0.13 0.90 0.90 0.49 1
Ca 0.18 0.95 0.95 0.05 0.44 1
Mg 0.25 0.89 0.89 0.36 0.16 0.23 1
K 0.20 0.33 0.33 0.06 0.05 0.003 0.07 1
HCO3 0.62 0.10 0.10 0.99 0.16 0.08 0.19 0.03 1
Cl 0.31 0.89 0.89 0.01 0.46 0.56 0.39 0.22 0.38 1
SO4 0.42 0.71 0.70 0.21 0.26 0.26 0.20 0.52 0.20 0.68 1

Table 2: Correlation of physiochemical parameters of groundwater of Post-monsoon.

pH TDS EC TA Na Ca Mg K HCO3 Cl SO4

pH 1
TDS 0.30 1
EC 0.28 0.99 1
TA 0.33 0.78 0.77 1
Na 0.23 0.87 0.89 0.83 1
Ca 0.18 0.74 0.73 0.63 0.51 1
Mg 0.44 0.85 0.82 0.62 0.58 0.24 1
K 0.03 0.61 0.62 0.60 0.52 0.87 0.37 1
HCO3 0.33 0.78 0.77 1.00 0.83 0.63 0.62 0.29 1
Cl 0.28 0.97 0.96 0.64 0.78 0.68 0.88 0.50 0.64 1
SO4 0.39 0.94 0.94 0.62 0.81 0.59 0.81 0.49 0.62 0.95 1

Table 3: Correlation of physiochemical parameters of groundwater of Pre-monsoon.
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(<25%) permeability. During pre-monsoon, 15(fifteen) samples are in 
Class I category (>75% permeability) and 2(two) samples are in Class II 
category   (25%-75%) permeability.

Residual sodium carbonate (RSC): The Residual Sodium 
carbonate (RSC) is calculated according to [57]:

RSC = (CO3 + HCO3) – (Ca + Mg)     (4)

All concentrations are in meq/L.

When the sum of carbonates and bi-carbonates is in excess of 
calcium and magnesium, there may be a possibility of complete 
precipitation of calcium carbonate and magnesium carbonate. The 
concentration of Ca and Mg decreases relative to sodium and the SAR 
index will be bigger. This will cause an alkalizing effect and increase 
the pH.

RSC values less than 1.25 are considered safe for irrigation. During 
pre-monsoon period 88% samples have RSC values less than 1.25 and 
are considered to be safe. Rest 12% samples are marginally suitable 
with RSC values between 1.25 to 2.5. During post-monsoon period, 
only 29% samples are safe for irrigation with RSC values less than 
1.25. Remaining 71% samples have RSC values greater than 2.5, hence 
unsuitable for irrigation. Post-monsoon water samples pose alkaline 
hazard to soil. Figure 13 shows the spatial distribution of Residual 
Sodium Carbonate (RSC) in pre- and post-monsoon period.

Magnesium adsorption ratio (MAR): Magnesium is essential for 
plant growth, but excess magnesium can have severe toxicity effect   on 
plants. Excess magnesium in soil reduces the availability of potassium. 
Leaves develop coppery colour along the marginal veins in the initial 
stage. Extensive coppery colour develops all over the leaf surface and 
defoliation of leaf occurs during the final stage of toxicity. 

Magnesium Adsorption Ratio (MAR) is used for calculating the 
magnesium hazard caused when it is in equilibrium in groundwater. 
Magnesium Adsorption Ratio (MAR) is calculated by the equation [57] 
as:

MAR = (Mg*100)/ (Ca + Mg)                        (5)

All concentrations are in meq/L.

MAR is broadly classified into 2 groups. Less than 50 values of 
groundwater are considered to be suitable for irrigation whereas greater 
than 50 values are unsuitable. During pre-monsoon period (Figure 
14a), the minimum and maximum values are 9.8927 and 78.3907 
respectively with an average value of 48.86. During pre-monsoon 
period, only 12% samples are suitable for irrigation. 88% samples have 
MAR values greater than 50. During post-monsoon period (Figure 
14b), the minimum and maximum values are 1.6765 and 73.5795 
respectively. During post-monsoon period, only 41% samples are 
suitable for irrigation. 59% samples have MAR values greater than 50. 
Overall the MAR values are quite high for both seasons.

Kelly’s ratio (KR): Kelly [58] devised an equation for the sodium 
problem in water.

KR= Na/ (Ca + Mg)                         (6)

Water having KR value less than 1 is considered suitable for 
irrigation. All the 17 pre-monsoon as well as post-monsoon samples 
have KR values less than 1; hence the water is fit for irrigation.

Drinking water suitability

In many parts of our country, the groundwater, be it from dug wells Lo
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Figure 10: U.S. Salinity diagram (a. Pre-monsoon; b. Post-monsoon).

Parameters Range Class No. of samples Percentage of samples
Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon

SAR
(Richards 1954)

<20 Excellent 17 17 100.00 100.00
20-40 Good 0 0 0 0
40-60 Permissible 0 0 0 0
60-80 Doubtful 0 0 0 0
>80 Unsafe 0 0 0 0

EC
WHO (2008)

<250 Excellent 6 5 35.29 29.41
250-750 Good 7 8 41.18 47.06
750-2000 Permissible 4 4 23.53 23.53
2000–3000 Doubtful 0 0 0 0
>3000 Unsuitable 0 0 0 0

TH
(Sawyer and McCarty, 
1967)

<75 Soft 0 1 0 5.88
75-150 Moderate 3 5 17.65 29.41
150-300 Hard 3 7 17.65 41.18
>300 Very Hard 11 4 64.71 23.53

RSC
(Raghunath 1987)

<1.25 Safe 15 16 88.24 94.12
1.25-2.50 Marginally suitable 2 0 11.76 00
>2.50 Unsuitable 0 1 0 5.88

MAR
(Raghunath 1987)

<50 Suitable 2 7 11.76 41.18
>50 Unsuitable 15 10 88.24 58.8

SSP
(Todd 1980)

<200 Suitable 17 17 100.0 100.0
>200 Unsuitable 0 0 0 0

KR
(Kelly 1963)

<1.0 Suitable 17 17 100.0 100.0
>1.0 Unsuitable 0 0 0 0

PI
(Doneen 1964)

<80 Good 16 13 94.12 76.47
80-100 Moderate 1 1 5.88 5.88
100-120 Poor 0 3 0 17.65

WQI
(Horton 1965)

0-25 Excellent 2 3 11.76 17.65
26-50 Good 11 7 64.71 41.18
51-75 Poor 4 6 23.53 32.29
76-100 Very Poor 0 1 0 5.88
> 100 Unfit for Drinking 0 0 0 0

Table 5: Classification of Samples according to standards specified for different water quality parameters.
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or bore wells, form the major source of drinking water. In our present 
study, we determined standards of groundwater from Total Hardness 
(TH), plotting in the Piper’s diagram and also from Water Quality 
Index (WQI).

Total hardness (TH): Hardness of groundwater primarily results 
due to excessive concentration of divalent cations like calcium and 
magnesium in water. These ions enter a water supply by leaching from 
minerals within an aquifer. High levels of hard-water ions such as Ca2+ 

and Mg2+ can cause scaly deposits in plumbing, appliances, and boilers. 
These two ions also combine chemically with soap molecules, resulting 
in decreased cleansing action. Pre-monsoon values vary between 
109.39 mg/L and 2328.43 mg/L with an average of 310.83 (Table 2). 
Post-monsoon values vary between 60.6 mg/L and 969.79 mg/L with an 
average of 310.83 mg/L (Table 2). Pre-monsoon period water is much 
harder compared to post-monsoon period as evident from Figure 15 
which depicts the spatial distribution of hardness during both the 
periods. 

 Figure 13: Spatial distribution of RSC (a. Pre-monsoon; b. Post-monsoon).

Figure 11: Wilcox diagram (a. Pre-monsoon, Post- monsoon).

Figure 12: Doneen’s diagram (a. Pre- monsoon, b.Post- monsoon).
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Figure 16: Spatial distribution of Calcium ions (a. Pre-monsoon, b. Post- monsoon).

 
Figure 14: Spatial distribution of MAR (a. Pre-monsoon; b. Post-monsoon).

Figure 15: Spatial distribution of TH (a. Pre-monsoon; b. Post-monsoon).

Piper’s diagram: The suitability of water for drinking purpose is 
determined from Piper’s [59] Trilinear Diagram. It is the graphical 
representation of chemistry of water samples. The cations and anions 
are represented by separate ternary plots. The two ternary plots are then 
extrapolated onto the diamond diagram. Piper diagram can predict the 
water type in three ways – bicarbonate type, sulphate type and chloride 
type. The bicarbonate type is considered suitable for both drinking 
and agricultural purpose. Sulphate type is suitable for irrigation. Pre 

monsoon (Figure 16a) samples are mostly bicarbonate type. Post 
monsoon (Figure 16b) samples are bicarbonate to sulphate type. 
Sulphate type groundwater is more in post-monsoon water samples

Water quality indices: The idea of Water Quality Index (WQI) to 
classify water quality according to grades was first proposed by Horton 
[60].  The quality of groundwater, be it suitable for consumption or 
not, is determined with the help of this quality index measure [61]. 
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To determine the WQI of the groundwater samples, standard and 
permissible values of ions present in water have been considered 
[62,63].

WQI indicates a single number like a grade that expresses the 
overall water quality at a certain area and time based on several water 
quality parameters. 

Wi = 1/ Si                             (7)

Where, Wi is weightage factor and Si is the highest permitted value 
of parameter as given by WHO. 

Qi= {[(Vactual- Videal)/ (Vstandard- Videal)]*100}                         (8)

Where, Qi is quality rating of parameter, Vactual is the mean value of 
a parameter as obtained from  analysis of field samples, Vstandard is value 
of water quality parameter as proposed by WHO, Videal is zero for all 
parameters except pH where Videal = 7.

WQI = Wi*Qi                         (9)

During pre-monsoon period (Figure 17a), 12% samples are 
excellent, 65% are good and 24% are poor based on Water Quality 
Indexing. During post-monsoon period (Figure 17b), 18% samples are 

excellent, 41% samples are good, 32% samples are poor and 65 samples 
are very poor in terms of Water Quality Indexing.

Gibb’s diagram: The chemical quality of groundwater of an 
area is naturally influenced by three processes, namely- evaporation, 
precipitation and rock-water interaction. Which of these three 
processes is dominant in the study area can be determined with the help 
of Gibb’s [64] Diagram. Both pre- and post-monsoon samples (Figures 
18 and 19) indicate that rock-water interaction is the dominant process 
in the study area.

Conclusion
The groundwater quality of Rajnagar Block of Birbhum District, 

West Bengal has been evaluated for its suitability with respect to 
irrigational and domestic works. Chemical analysis results indicate that 
the dominant cations in the study area are calcium and magnesium 
and the dominant anions are bicarbonate and sulphate. Hydrochemical 
facies analysis reveals that groundwater in the area is mostly of alkaline 
(bicarbonate type) nature except for some sulphate type samples in 
post-monsoon period. The electrical conductivity values and total 
dissolved solids values of water samples are all found to be within 

Figure 17: Groundwater quality based on Water Quality Indices (a. Pre monsoon; b. Postmonsoon).

Figure 18: Gibb’s Diagram Premonsoon (a. (Na+K)/(Na+K+Ca); b. Cl/(Cl+HCO3)).
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acceptable limits during both sampling sessions (Table 6). Total 
Hardness is also within the prescribed limits of WHO [65,66] except 
S2, S3, S4 samples in both the sessions. TH is also at higher level for S14 
in post-monsoon and S15 in pre-monsoon sessions. Most of the water 
samples were found to be hard to moderately hard in nature. From 
correlation coefficient studies among different parameters, it is clear 
that EC and TDS show very good positive correlation with Na, Ca, Mg 
and Cl in post-monsoon while in pre-monsoon session good positive 
correlation is found between EC and TDS with Na, Mg, Cl and SO4. 
During pre-monsoon, good correlations are also exhibited between 
Na-HCO3 and SO4, Ca-K, Mg-Cl and SO4,Cl-SO4.

Based on the calculated water quality parameters like SAR, SSP, 
MAR, PI and KR the suitability of groundwater samples are moderately 
suitable for irrigation in almost all cases. Magnesium Adsorption Ratio 
(MAR) value is quite high for both seasons. Although groundwater has 
low sodium content, but it may pose prominent alkaline hazard to soil, 
as reflected by the Residual Sodium Carbonate (RSC) values during 
post monsoon. Most of the water samples of pre-monsoon period have 
been found to be fit for drinking. Few of the post monsoon samples 
are unfit for drinking. There is no chance of salinity hazard. Thus the 
present study reveals that, for most of the parameters, more than 90% 
of the total number of samples are within permissible limits of drinking 
as well as irrigation, with a very few isolated exceptions. 

The results from the chemical analysis data were used as a tool 

to identify the process and mechanisms controlling the chemistry of 
groundwater from the study area. The data of the area are plotted on the 
Gibbs’ diagram (Figures 18a, 18b, 19a and 19b). The samples fall in rock – 
water interaction zone indicating chemical weathering and dissolution of 
minerals as the prime factor influencing the groundwater quality.
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