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ABSTRACT

Due to rapid urban-industrialization and domestic needs of the people, the groundwater demand has
tremendously increased in the Arkavathi river basin. The present research work deals with a study of groundwater
quality in Arkavathi river basin of Bengaluru urban. Fifty (50) groundwater samples were collected from tube well, bore
well and hand pump inpre-monsoon and post-monsoon seasons during the year 2013. Thegroundwater samples were
analyzed for various physico-chemical parameters such as pH, Total dissolved solids, Electrical Conductance, Total
Hardness, Nitrate, Sulphate, Sodium, Potassium, Calcium, Magnesium, Chloride, and Fluorides following standard
method APHA, 2012. It was found that values of Electrical Conductance, Total Dissolved Solids, total hardness, chloride,
nitrate, and sulphate in the samples were out of the desirable limit and some of the samples exceeded the permissible
limit. The obtained results were compared with the water quality standards of Bureau of Indian Standards. The ground
samples quality are extremely hard and highly saline and absolutely unfit for consumption and domestic use.
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INTRODUCTION
India is the largest user of groundwater in the world. It uses an estimated 230 cubic kiloliter of
groundwater per year (Shankar et al., 2011). More than 60% of irrigated agriculture and 85% of drinking
water supplies are dependent on groundwater (WHO, 2005). Groundwater is highly valuable source of
water because of its unique properties which may not be possessed by surface water. Most of the water is
being utilized by man for domestic and industrial purpose. The groundwater quality in a region largely
depends on the nature and extent of the industrial, agricultural and other anthropogenic activities which are
the source of the pollution in the groundwater, in the catchments.
STUDY AREA
Arkavathi River is one of the peninsular rivers; it is a tributary of the River Cauvery, originated at
the foot of Nandi hills to the north of Bengaluru and located between 12 °15'13.24''N, 77 °12'77.41''E flows in
the west part of Bengaluru city in the southern part of Karnataka state. It covers an area of 4,253km2. It
flows for 190 kilometers and joins the River Cauvery at Sangama in Kanakapura district. The sub -basin
covers parts of eight taluks – Chikkabalapur, Doddaballapur, Nelamangala, Magadi, Bengaluru Rural,
Bengaluru North, Ramanagara and Kanakapura.

Map.1: Groundwater sampling points in Arkavathi River basin of Bangalore urban
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METHODOLOGY
Fifty (50) groundwater samples were collected in clean polyethylene bottles from different sources
viz. tube well, bore well and hand pump for twice that is in pre-monsoon and post-monsoon during the year
2013 at Arkavathi river basin of Bengaluru urban. The collected samples were analysed for physical and
chemical parameters to obtain reliable results. The results were compared with standard values which are
given by Bureau of Indian Standards10500:2012 standards.
Table 1: Sampling coordinates of groundwater in Arkavathi river basin
Sampling
Village Name
Water Source
Latitude
Longitude
points
Alur
S1
Bore well
13°09'48.84''N 77°46'00.02''E
Alur

S2

Hand pump

13°09'21.05''N

77°46'59.46''E

Nagarur

S3

Open well

13°09'35.68''N

77°43'48.97''E

Nagarur

S4

Bore well

13°09'62.99''N

77°44'17.39''E

Dasanapura

S5

Bore well

13°06'49.22''N

77°43'15.52''E

Dasanapura

S6

Bore well

13°07'15.68''N

77°42'23.25''E

Dasanapura

S7

Bore well

13°07'65.57''N

77°43'27.67''E

Makali

S8

Bore well

13°06'56.58''N

77°45'04.63''E

Makali

S9

Bore well

13°06'51.77''N

77°45'37.69''E

Makali

S10

Bore well

13°06'35.98''N

77°45'60.06''E

NH4 Bridge

S11

Bore well

13°06'51.87''N

77°44'81.12''E

NH4 Bridge 2

S12

Bore well

13°06'09.51''N

77°45'03.03''E

NH4 Bridge 3

S13

Hand pump

13°06'01.62''N

77°45'27.93''E

ArekyathanaHalli

S14

Over Head Tank

13°05'09.09''N

77°44'38.64''E

ArekyathanaHalli

S15

Bore well

13°05'24.15''N

77°44'29.09''E

ArekyathanaHalli

S16

Bore well

13°04'81.48''N

77°44'50.68''E

Gowdahalli

S17

Bore well

13°04'66.16''N

77°43'56.89''E

Gowdahalli

S18

Open well

13°04'67.31''N

77°43'68.26''E

Gowdahalli

S19

Bore well

13°03'43.89''N

77°42'78.21''E

Anchepalya

S20

Bore well

13°05'38.86''N

77°47'82.63''E

Anchepalya

S21

Bore well

13°05'35.52''N

77°48'19.86''E

Hand pump

13°05'16.35''N

77°48'31.43''E

Over Head Tank

13°05'29.77''N

77°47'36.71''E

Bore well

13°05'67.18''N

77°46'45.72''E
77°46'07.48''E

Anchepalya
Madavara
Madavara
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S22
S23
S24

Madanayakanahalli

S25

Hand pump

13°05'97.31''N

Madanayakanahalli

S26

Bore well

13°05'86.75''N

77°46'45.89''E

Dombarahalli

S27

Bore well

13°04'76.99''N

77°45'99.27''E

Dombarahalli

S28

Bore well

13°05'24.46''N

77°46'00.56''E

Ravuthanahalli

S29

Bore well

13°0'28.28''N

77°25'52.98''E

Ravuthanahalli

S30

Bore well

12°59'45.75''N

77°25'01.25''E

Ravuthanahalli

S31

Hand pump

13°0'14.16''N

77°24'50.86''E
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Kittanahalli
Kittanahalli
Kittanahalli
Bettahalli
Bettahalli
Bettahalli
Gangondanahalli
Gangondanahalli
Gangondanahalli

S32
S33
S34
S35
S36
S37
S38
S39
S40
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Open well

13°0'32.6''N

77°25'17.48''E

Bore well

13°0'13.57''N

77º24'08.89''E

Bore well

13°0'28.28''N

77°25'52.98''E

Bore well

13°01'27.77’‘N

77°43'66.03''E

Bore well

13°0'87.65''N

77°44'38.18''E

Hand pump

13°0'28.28''N

77°25'52.98''E

Open well

13°02'16.72''N

77°47'02.43''E

Bore well

13°02'14.21''N

77°46'95.56''E

Bore well

13°01'05.54''N

77°47'31.37''E
77°45'94.05''E

Lakkenahalli

S41

Overhead tank

13°01'64.59''N

Lakkenahalli

S42

Bore well

13°01'58.73''N

77°45'62.74''E

Lakkenahalli

S43

Bore well

13°01'63.76''N

77°45'94.75''E

Machohalli

S44

Open well

13°01'44.5''N

77°45'10.57''E

Machohalli

S45

Overhead tank

13°02'47.91''N

77°45'90.93''E

Kadabgere

S46

Bore well

12°99'68.56''N

77°43'31.16''E

Kadabgere

S47

Bore well

13°0' 09.75''N

77°43'20.64''E

Janapriya

S48

Bore well

12°99'96.51''N

77°43'91.0°'E

Bore well

12°99'67.64''N

77°44'38.18''E

Bore well

13°0'28.28''N

77°25'52.98''E

Janapriya
Giddedenahalli

S49
S50

RESULT AND DISCUSSION
The quality of groundwater varies from place to place, with the depth of water table and from
season to season and is primarily governed by the extent and composition of dissolved solids present in it.
In recent years, an increasing threat to groundwater quality due to human activities has become area of
importance. The groundwater quality during pre-monsoon are tabulated in table 2 and post-monsoon are
tabulated in table 3.
pH: pH is a term used universally to express the intensity of the acid or alkaline condition of a
solution. The pH value in groundwater samples ranged between 6.46 to 8.26 during pre-monsoon season,
the maximum value was recorded in Dasanapura groundwater and the minimum in Madanayakanahalli and
in the post-monsoon season, the concentration ranged between 6.20 to 8.42.The maximum concentration
was recorded in Machohalli and the minimum was recorded in Madanayakanahalli.
The groundwater analysis result showed that the pH value was recorded from 6.20 to 8.95,
indicating slight acidic to slight alkaline in nature. The desirable pH range necessary for drinking water is
from 6.5 to 8.5. The principal cause of the alkaline conditions may be perhaps weathering of calcium
silicates from rocks. As the study area belongs to the gneiss rock type and that may weathered to form the
mineral silicates.
Electrical conductance: Electrical conductance is a measure of water capacity to convey electric
current. Investigation results of electric conductance during the pre-monsoon season between 916µS/cm to
3552µS/cm. The maximum concentration was recorded in Lakkenahalli groundwater and minimum in
Dombarahalli. In post-monsoon season, the concentrations of groundwater samples ranged between
814µS/cm to 2986µS/cm. The maximum concentration was recorded in Lakkenahalli and minimu m in
Dombarahalli. Groundwater samples results shows that the sources of high electrical conductivity are due to
the presence of high amount of dissolved salts. The higher levels may be influenced by excessive hardness or
mineral contamination.
Total Dissolved Solids: A total dissolved solid is the term used to describe the inorganic salts and
small amounts of organic matter present in water. The total dissolved solids during the pre-monsoon season
ranged between 300mg/L to 2189mg/L. The maximum concentration was recorded in Lakkenahalli
groundwaterand minimum in Arekyathanahalli. In post-monsoonseason, the concentration of groundwater
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samples ranged between 529.1mg/L to 1940.4mg/L. The maximum concentration was recorded in
Lakkenahalli groundwater and the minimum was in Bettahalli groundwater.
In the present research investigation, about 95% of the samples were found above the acceptable
limit of 500mg/L and while, about 5% of the samples were found above the desirable limit of 2,000 mg/L.
The permissible limit of 500mg/L of IS 10500: 2012 standard. Water containing more than 500 mg/L of TDS
is not considered desirable for drinking, but in unavoidable cases 1500mg/L is also allowed and the
palatability of drinking water has been rated by panels of tasters in relation to its TDS. Water with TDS
higher than 500mg/L causes gastrointestinal irritation (BIS, 2012). Maximum TDS was observed in higher
concentrations are may be due to inorganic salts, organic matters and traces of dissolved gases in
groundwater.
Total alkalinity: Alkalinity of water is its capacity to neutralise a strong acid and it is normally due
to the presence of bicarbonate, carbonate and hydroxide compound of calcium, sodium and potassium. Total
alkalinity during the pre-monsoon season ranged between 84.37mg/L to 540.00mg/L. The maximum
concentration was recorded in Kadabgere groundwater and the minimum was recorded in Ravuthanahalli.
In post-monsoonseason, the concentration of groundwater samples ranged between 69.18mg/L to
442.80mg/L. The maximum concentration was recorded in Kadabgere groundwater and minimum in
Ravuthanahalli.
The water samples of the study area exceeded the desirable limit of 200mg/L and within the
permissible limit of 600mg/L prescribed by IS 10500: 2012. Although, it may not cause any health effect but,
when present in higher concentrations of more than 600mg/L it gives bitter taste to water (Mait, 2004). In
the current research, the levels of Alkalinity were found to be high may be due to the primary source as
carbon dioxides present in groundwater.
Total hardness: Total hardness is one of the most important properties of drinking water as its
higher concentration may cause urolithiasis.During the pre-monsoon season the groundwater samples
ranged between 152mg/L to 1390mg/L. The maximum concentration was recorded in Kadabgere and
minimum in Kittanahalli. In post-monsoonseason, the concentration of groundwater samples varied
between 121mg/L to 1098mg/L. The maximum concentration was recorded in Kadabgere groundwater and
the minimum was recorded in Kittanahalli groundwater. The groundwater samples have exceeded both the
desired limit of 300mg/L and permissible limit 600mg/L prescribed by IS 10500: 2012. The sources of
hardness in the current research study may be due weathering of limestone, sedimentary rock and calcium
bearing minerals. However, locally the groundwater quality is affected by chemical and industry effluents.
Calcium hardness: Calcium is an important element to develop proper bone growth. Analysis
results of Calcium Hardness during the pre-monsoon season revealed that, the groundwater samples ranged
between 64mg/L to 705mg/L. The maximum concentration was recorded in Kadabgere groundwater and
the minimum was recorded in Dasanapura. In post-monsoonseason, the concentration of samples ranged
between 52mg/L to 634mg/L. The maximum concentration was recorded in Kadabgere and the minimum
was recorded in Dasanapura groundwater.
Most of the groundwater samples exceeded both the desired limit of 75mg/L and permissible limit
200mg/L prescribed by IS 10500: 2012. Calcium content is very common in groundwater, because they are
available in most of the rocks, abundantly and also due to its higher solubility. However, the range of its
availability depends on the solubility of calcium carbonate and sulphate.
Magnesium hardness: Magnesium usually occurs in lesser concentration than calcium due to the
fact that the dissolution of magnesium rich minerals is slow process and that of calcium is more abundant in
the earth’s crust. Analysis results of magnesium hardness during the pre-monsoon season, the groundwater
samples ranged between 5mg/L to 165mg/L. The maximum concentration was recorded in Kadabgere and
the minimum was recorded in Bettahalli. In post-monsoonseason, the concentration of groundwater
samples were ranged between 2mg/L to 126mg/L. The maximum concentration was recorded in Kadabgere
and the minimum was recorded in Bettahalligroundwater. During the current research investigation, 68% of
the water samples have exceeded the desirable limit prescribed by IS 10500:2012 for Magnesium hardness
of 30mg/L. The concentration of magnesium may be due the dissolution of magnesium calcite, gypsum and
dolomite.
Chloride:Chloride occurs in all natural water in widely varying concentration. The chloride content
normally increases as the mineral content increases. The chloride concentrations in groundwater samples
ranged between 52mg/L to 729.91mg/L. The maximum concentration was recorded in Lakkenahalli
groundwater and the minimum was recorded in Madavara. In post-monsoon season, the concentration was
ranged between 43.68mg/L to 613.12mg/L. The maximum concentration was recorded in Lakkenahalli and
the minimum was recorded in Madavara groundwater.
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The desirable limit under IS 10500:2012 is 250mg/L while the permissible limits under the same
standards are 1000mg/L. Excess of Chloride in the studied lakes maybe due to anthropogenic activities like,
septic tanks effluents and usage of bleaching agents by people nearby bore well. Similarly, Das and Malik
(1988) studies reveals that, high contribution of chloride in the groundwater is due to minerals like apatite,
mica, and hornblende and also from the liquid inclusions of igneous rocks.
Fluoride: One of the main trace elements in groundwater is fluoride which generally occurs as a
natural constituent. Fluorides concentration in the groundwater samples recorded during pre-monsoon
between 0.10mg/L to 1.13mg/L. The maximum concentration was recorded in Kittanahalli groundwater
and the minimum was recorded in Gowdahalli. In post-monsoonseason, the concentration of groundwater
samples were ranged between 0.09mg/L to 1.05mg/L. The maximum concentration was recorded in
Kittanahalli and the minimum was recorded in Gowdahalli.
The fluoride concentration in the study area varied from 0.1mg/L to 1.43mg/L. Most of the water
sample results recorded above the desirable limit of 1mg/L. The acceptable limit of Fluoride in drinking
water is 1mg/L as per BIS (10500: 2012) standards. Identical observations were also made by Abida Begum
et al., (2008) in studying the Bengaluru groundwater. According to UNESCO 2012 specifications, water
containing more than 1.5 mg/L of fluoride cause mottled tooth enamel in children and are not suitable for
drinking purpose.
Nitrate: The Nitrate concentration recorded in groundwater samples during pre-monsoon was
found to be between 7.33mg/L to 66.93mg/L. The maximum concentration was recorded in
Arekyathanahalli and the minimum was recorded in Bettahalli. In post-monsoonseason, the concentration of
samples was ranged between 5.95mg/L to 54.34mg/L. The maximum concentration was recorded in
Arekyathanahalli and the minimum was recorded in Bettahalligroundwater.
Most of the groundwater samples exceeded the acceptable limit under IS 10500:2012 is 45mg/L.
The sources of nitrates in the study area may be due to human activities, such as agriculture, industry,
domestic effluents and emissions from combustion engines. The flow of large quantity of open sewage and
inefficient solid waste management has led to contamination in the groundwater system. The Arkavathi
river flows near to the sample collected. Similar research study done by Central GroundwaterBoard during
the year 2012 to 2014 in Bengaluru reveals that, those higher levels of nitrates in groundwater.
Sulphate: Sulphate exists in nearly all natural waters. The sulphate concentration in groundwater
samples during pre-monsoon ranged between 52.0mg/L to 736.7mg/L. The maximum concentration was
recorded in Kadabgere groundwater and the minimum was recorded in Kittanahalli. In postmonsoonseason, the concentration of groundwater samples ranged between 39.0mg/L to 562.3mg/L. The
maximum concentration was recorded in Kadabgere and the minimum was recorded in Kittanahalli
groundwater.
The main sources of sulphates in groundwater samples may generate from the dissolution of
minerals, such as gypsum and anhydrites. About 35 % of the samples analyzed were found within the
desirable limit of 200mg/L and 65% samples have exceeded the permissible limits of 400mg/L prescribed
by IS 10500:2012. The concentration of sulphate is likely to react with human organs if the value exceeds
the maximum allowable limit of 400 mg/L and causes a laxative effect on human system with the excess
magnesium in groundwater.
Phosphate: Phosphorous is an essential plant nutrient and is extensively used as fertilizers.
Phosphate concentration ingroundwater samples in pre-monsoonranged between 0.78 mg/L to 7.12mg/L.
The maximum concentration was recorded in Arekyathanahalli groundwater and the minimum was
recorded in Bettahalli. In post-monsoon, the concentration of groundwater samples ranged between
0.62mg/L to 5.70mg/L. The maximum concentration was recorded in Arekyathanahalli and the minimum
was recorded in Bettahalligroundwater.
The sources may be due to anthropogenic activities mainly input of fertilizers and decomposition of
organic matter during the study period. The Arekyathanahalli was collected in agriculture field this may be
reason for percolation of phosphorus into the ground.
Sodium: Sodium is a highly soluble chemical element and often naturally found in groundwater. All
groundwater contains some sodium because most rocks and soil contain sodium compounds from which
sodium is easily dissolved. The sodium levels in groundwater samples during pre-monsoonranged between
23.4mg/L to 501.6mg/L. The maximum concentration was recorded in Kadabgere and the minimum was
recorded in Ravuthanahalli. In post-monsoon season, the concentration of groundwater samples was ranged
between 19.3mg/L to 414.3mg/L. The maximum concentration was recorded in Kadabgere and the
minimum was recorded in Ravuthanahalli. Sources of sodium levels in the current research investigation
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could be due to erosion of salt deposits and sodium bearing rock minerals, Infiltration of contaminated
surface water or even pollution by sewage effluents.
Potassium: Potassium is an essential element in humans and is seldom, if ever, found in drinking
water at levels that could be a concern for healthy humans. The Potassium concentration in groundwater
samples during pre-monsoon season ranged between 0.90mg/L to 24mg/L. The maximum concentration
was recorded in Gowdahalli and the minimum was recorded in Ravuthanahalli. In post-monsoonseason, the
concentration of groundwater ranged between 0.77mg/L to 20.64mg/L. The maximum concentration was
recorded in Gowdahalli groundwater and the minimum was recorded in Ravuthanahalligroundwater.
Table2: Groundwater quality during pre-monsoon season in the year 2013

Parameters
pH
Electrical
Conductance(µS/cm)
Total Dissolved Solids
(mg/L)
Total
Alkalinity
(mg/L)
Total
Hardness
(mg/L)
Calcium
Hardness
(mg/L)
Magnesium Hardness
(mg/L)
Chloride (mg/L)

IS 10500 :
2012
Acceptable
limit
6.5-8.5

IS 10500 :
2012
Permissible
limit
No relaxation

500

Minimum

Maximum

Mean

Standard
Deviation

6.5

8.9

7.5

0.6

-

916

3552

1549.7

651.7

500

2000

485.1

2189

950.9

407.1

200

600

84.3

540

351.8

102.04

300

600

152

1390

556.4

279.4

75

200

64

705.4

281.4

138.7

30

100

4.9

165

61.8

33.8

250

1000

52

729.9

207.8

119

Nitrate (mg/L)

45

-

7.33

66.9

42.93

13.6

Fluorides (mg/L)

1.0

1.5

0

1.13

0.48

0.21

Sulphate (mg/L)

200

400

52

736.7

277.9

149.64

Phosphate (mg/L)

-

-

0.78

7.12

4.57

1.45

Sodium (mg/L)

-

-

23.4

501.6

103.01

93.76

Potassium (mg/L)

-

-

0.9

24

6.32

4.78

Note: All values are in mg/L except pH and Electrical Conductance
Table 3: Groundwater quality during post-monsoon season in the year 2013

Parameters
pH
Electrical
Conductance(µS/cm)
Total Dissolved
Solids (mg/L)
Total Alkalinity (mg/L)
Total Hardness (mg/L)
Calcium
Hardness
(mg/L)
Magnesium Hardness
(mg/L)
Chloride (mg/L)

440𝗎

IS 10500 :
2012
Acceptable
limit
6.5-8.5

IS 10500 :
2012
Permissible
limit
No relaxation

500

Minimum

Maximum

Mean

Standard
Deviation

6.2

8.4

7.3

0.6

-

814

2986

1393.8

570

500

2000

529.1

1940.9

903.8

371.5

200

600

121

1098.1

440.4

222.7

300

600

52.5

634.4

231.8

117.4

75

200

1.5

126

45.5

26.2

30

100

43.7

613.1

174.6

99.9

250

1000

5.95

54.34

34.86

11.04

Nitrate (mg/L)

45

-

Nil

1.05

0.43

0.21

Fluorides (mg/L)

1.0

1.5

39

562.3

211.28

114

Sulphate (mg/L)

200

400

0.62

5.7

3.65

1.16
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Phosphate (mg/L)

-

-

69.18

442.8

288.48

83.68

Sodium (mg/L)

-

-

19.33

414.3

85.08

77.45

Potassium (mg/L)

-

-

0.77

20.64

5.44

4.11

Note: All values are in mg/L except pH and Electrical Conductance
CONCLUSION
Based on the analytical results, heavy contamination of Electrical conductance, Total Dissolved
Solids, Hardness, Chloride, Fluoride and Nitrate in Peenya, Chokkasandra, Nagasandra, Chikkabidrakal,
Doddabidrakal, Kachohalli, Shivanapura, Lakkenahalli, Kadabgere, Machohalli, Dasanapura, Madavara and
Anchepalya are observed. Most of the groundwater samples exceeded both the acceptable limit and
permissible limit prescribed by IS 10500: 2012standards for drinking water.The physico-chemical
parameters of groundwater are examined for two seasons and are showed same pattern of concentration.
The better groundwater quality was found in post-monsoon season than pre-monsoon season, extent of
pollution occurred may be due to over exploitation of groundwater. The quality of groundwater is not
suitable for drinking and domestic purposes before the treatment.
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