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Abstract 

 
Groundwater is a unique, indispensable natural resource among all resources available on earth. The 

chemistry of groundwater depends mainly on regional geology, rocks types and their degree of weathering, 

anthropogenic activities and sources of recharge. This study deals with the physico-chemical characteristics 

of groundwater quality for pre and post monsoon seasons in Ramanagaram taluk, Karnataka.  

 

The study area is underlain mainly by Granite-Gneiss formation with highly undulating topography and 

groundwater occurs in open spaces of weathered and fractured rocks. Over hundred water samples were 

collected in both pre and post monsoon seasons and analyzed for ten physico-chemical parameters as per 

BIS (IS: 10500-1994) standards. The parameters like pH, sulphate and EC are well within in desirable 

limit. Other parameters like chloride, nitrate, calcium and TDS are below permissible limit. But 75-85% of 

the studied area recorded the concentration of total hardness, alkalinity and fluoride from permissible to 

beyond permissible limit. 

 

The causes for higher concentration of some of the parameters which are in the range of permissible to 

beyond permissible limit is due to anthropogenic activities, non-scientific method of bore well drilling and 

over exploitation of groundwater without recharging.  There is a need for regular groundwater quality 

monitoring in rural areas and mitigate the intensity of pollution activity primarily through rainwater 

harvesting.  

 

1. Introduction:  

 

Water is one of the basic necessities for human being and its quality depends on degree of 

rock weathering and amount of dissolved constituents in it. Though natural streams/rivers 

are seem to be pure source of water, it is impossible to cater the human needs and thus 

man depends on underground water which is a major source for domestic, irrigation and 

industrial purposes. In fact, in India, more than 70% of the population is depending on 

groundwater which is less polluted.  There are several states in India where more than 

90% population is dependent on groundwater for drinking and other purposes (1, 2). 

 

The deterioration of quality of groundwater is a major concern and the cause of this is 

either natural or man-made or both. The quality of groundwater mainly depends on 

lithology, geomorphology of the area, rate and circulation of water in the aquifer. Now a 

days, micro-organisms, temperature and pressure are also responsible for the chemical 

characteristic of groundwater (3).Though groundwater was considered as pure water, it is 

not so because it contains mineral ions due to dissolution of minerals (4, 5). Physico-
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chemical and biological parameters of groundwater are important tools to determine the 

water quality and its suitability for drinking and irrigation purposes (6-9).  

 

Groundwater resources are extremely important in Karnataka as large part of this state 

forms an elevated plateau covered by hard rocks. The rocks are not primarily porous; 

however, processes like weathering, jointing, fissuring and fracturing have induced 

secondary porosity in these hard rocks. Karnataka state is occupied mainly by hard rock 

aquifers and in most part of the state there is no perennial river sand (10). Village people 

are facing groundwater quality and quantity problems due to water scarcity, decline in 

water levels and over-exploitation (11-19). 

 

Ramanagaram district, which was earlier rural district of Bangalore district, belongs to 

this category. Water resources in rural areas are under great pressure due to unscientific 

way of using water for irrigation by farmers, population growth and industries in village 

sectors. Major portion of Ramanagaram taluk of Ramanagaram district, Karnataka, falls 

under water stress zone as there is continuous decline of water level year by year and 

high water demand for irrigation purpose. Almost all villagers in this taluk depends on 

monsoon rains and bore wells for drinking  and irrigation purpose as there are no 

perennial rivers and reservoirs. The bore wells drilled in most part of the taluk show that 

water-bearing joints/ fractures occur beyond a depth of 250m.The present article is on the 

groundwater analysis for their physico-chemical parameters both in pre and post 

monsoon seasons to evaluate its suitability for domestic and irrigation uses.  

 

2. Study area: 

 

The study area belongs to Ramanagaram taluk of Ramanagaram district, Karnataka,  

bounded by longitude 77°08’23”-77°29’03”E and latitude 12°35’08”-12°52’44”  and  has 

25 Zila Panchayat and 133 villages.  Ramanagaram taluk forms a part of semi-arid dry 

zone of Karnataka and mean annual rainfall is 847 mm mostly from June to September 

during SW monsoon. Ramanagaram taluk is characterized by Red and Brown sandy soils 

with a profile thickness of about 3-5 mts having low permeability. The only source of 

water in the entire taluk is groundwater as the river Arkavati is completely dried. Fig.1 

shows the location map of the study area. 

 

 
Figure 1 Location of study area 
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3. Geology of the area:  

 

The main rock types of this area are granite (Closepet granite) and gneiss. The gneissic 

rocks are massive and intruded by pegmatite and quartz veins. Closepet Granite is a 

cluster of individual plutons or plugs of different sizes, emplaced along the suture zone 

welding the eastern and western blocks of Dharwar Craton (20).These rocks are 

weathered to shallow depth and structurally show dip joints. Ground water occurs in the 

open spaces of weathered fractured gneisses and granites. 

 

4. Sampling and analysis of groundwater: 

The Physico-chemical analyses were carried out for the groundwater samples collected 

from various locations covering all Zila Panchayat or four blocks / hoblies (Fig.2).  More 

than 125 groundwater samples were collected each during post-monsoon (December-

January 2015, 2017) and pre-monsoon (April- May2016) seasons and were analysed with 

reference to BIS (2003) and WHO (1993) standards (21, 22). Some parameters like pH, 

EC and TDS were analyzed in the field condition during sample collection using water 

quality kit. Other parameters such as total hardness, sulphate, nitrate, alkalinity, chloride, 

fluoride and calcium were analyzed in the lab. The samples were analyzed by using 

standard procedures (APHA, 2005) (23). 

 
Figure 2 Location map of groundwater samples in the study area 
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5. Results and discussion: 

 

Physico-Chemical Analysis of Groundwater: The groundwater quality analysis of 

different groundwater samples collected from different villages have been carried out for 

pH, EC, TDS, Chloride, Fluoride, Nitrate, Sulphate, Alkalinity, Total hardness and 

Calcium. Table-1 and 2 gives statistical summary of the parameters determined in the 

study area and the analytical values given here are the minimum and maximum values 

found in all samples for post and pre-monsoon season. Fig. 3 and 4 shows variation in 

concentration of each parameter with reference to number of samples in the study area. 

 

Table 1 

Summary of physico-chemical parameters of ground water samples along with BIOS 

standards (Post Monsoon Season) 
 

 
 

 
Figure 3 Bar chart showing number of samples with their desirable / permissible limit in 

physico-chemical parameters (Post-monsoon) 

DESIRABLE PERMISSIBLE MAXIMUM MINIMUM

1 Hardness 300 600 1280 200 550.26 3 56 31

2 Chloride 250 1000 498 28 134.92 82 8 0

3 Alkilinity 200 600 880 140 525.82 1 54 35

4 pH 6.5 8.5 8.51 6.58 7.23 90 0 0

5 Flouride 1 1.5 5.01 0.31 1.44 26 30 34

6 Nitrate 45 100 76 7 25.93 76 14 0

7 Sulphate 200 400 175 10 47.50 90 0 0

8 Calcium 75 200 173 16 77.43 56 34 0

9 T.D.S 500 2000 950 200 486.88 55 35 0

10 Conductivity 1500 2000 1550 355 769.39 88 2 0

SAMPLES 

BELOW 

DESIRABLE 

LIMIT

SAMPLES 

WITHIN 

PERMISSIBLE 

LIMIT

SAMPLES 

BEYOND 

PERMISSIBLE 

LIMIT

Table-1: Summary of physico-chemical parameters of groundwater samples along with BIS standards (Post monsoon season)

PARAMETER RANGEBIS (IS-10500, 1994)MEASURED 

PARAMETER

SL.

NO.
MEAN
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Table 2 

Summary of Physico-chemical parameters of groundwater samples along with BIS 

standards (Pre Monsoon Season) 

 

 
 

 

 
 

Figure 4 Bar chart showing number of samples with their desirable/ permissible limit in 

physico-chemical parameters (Pre-monsoon). 
 

The pH value of the samples varied from 6.50 – 8.62 with a mean of 7.23, occurs in the 

acidic to alkaline environment and is safe as recommended by BIS (6.5-8.5). This range 

is almost same in both pre and post monsoon period. 

 

Electrical conductivity is a measure of salt content of water in the form of ions which 

convey electric current. The electrical conductivity values in the present study during 

post monsoon showed 355 to 1550 μS cm
−1

 with a mean value of 769μS cm
−1

 and during 

DESIRABLE PERMISSIBLE MAXIMUM MINIMUM

1 Hardness (mg/l) 300 600 1300 230 565.71 2 54 34

2 Chloride (mg/l) 250 1000 550 40 150.97 77 13 0

3 Alkilinity (mg/l) 200 600 920 180 543.56 1 53 36

4 pH 6.5 8.5 8.62 6.50 7.23 89 1 0

5 Flouride (mg/l) 1 1.5 4.80 0.43 1.48 17 37 36

6 Nitrate (mg/l) 45 100 80 10 29.23 74 16 0

7 Sulphate (mg/l) 200 400 185 16 50.44 90 0 0

8 Calcium (mg/l) 75 200 190 20 82.47 50 40 0

9 T.D.S (mg/l) 500 2000 900 160 440.78 62 28 0

10 EC (μmhos/cm) 1500 2000 1500 360 790.67 87 3 0

Table-2: Summary of physico-chemical parameters of groundwater samples along with BIS standards (Pre monsoon season)

SL.

NO.

MEASURED 

PARAMETER

BIS (IS-10500, 1994) PARAMETER RANGE
MEAN

SAMPLES 

BELOW 

DESIRABLE 

LIMIT

SAMPLES 

WITHIN 

PERMISSIBLE 

LIMIT

SAMPLES 

BEYOND 

PERMISSIBLE 

LIMIT
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pre-monsoon, the values ranged between 360-1500 μS cm
−1

, with a mean value of 791μS 

cm
−1

which is quite good as recommended by BIS of 2000 for permissible limit. In fact, 

more than 45% of the samples have EC values less than 750 μS cm
−1

.and enrichment of 

salt is very low (24).  

 

The TDS ranges from 200 –950 mg/l with a mean value of 487 mg/l during post-

monsoon, where as it is between 160-900 mg/l during pre-monsoon with an average of 

441 mg/l. Most of the groundwater samples are within acceptable limit recommended by 

BIS of 500 mg/l and belongs to fresh water conditions (25)  

 

The chloride content in the present work varies from 28 – 498 mg/l with a mean value of 

135 mg/l (post-monsoon) and about 90% of the samples are in the desirable limit of 250 

mg/l. In pre-monsoon season, it ranges from 40-550 mg/l with an average of 151 mg/l. 

All the values were found to be well within the permissible limit. 

 

The fluoride concentration in the study area ranges between 0.31-5.01mg/l with a mean 

of 1.44 mg/l. Further, fluoride content <1.5 mg/l is reported from 55 locations and 

remaining villages shows fluoride content beyond permissible limit of 1.5 mg/l and in 

fact 5 locations lie in the range of 3-5 mg/l. This range is almost same in both pre and 

post monsoon period. The occurrence of fluoride beyond permissible limit is due to 

leaching of fluoride minerals present in granite and gneisses. This natural process of 

leaching of fluoride bearing minerals is a common phenomenon in Karnataka particularly 

in aquifers having granitic / gneissic rocks (26-31)  

 

The Nitrate concentration during post-monsoon period in the study area ranged from 10– 

80 mg/l with a mean concentration of 29 mg/l. This range is almost same in both pre and 

post monsoon period. However 80% of the samples have nitrate values more within the 

desirable limit of 45 mg/l. Excess use of pesticides, fertilizers is one of the sources for 

nitrate in groundwater in some of the villages. 

 

Sulfate in the study area varied between 16-185 mg/l with a mean value of 50 mg/l. In all 

the analysis, the values of sulfate are well within the permissible limit of 400 mg/l of BIS. 

This range is almost same in both pre and post monsoon period.  

 

The alkalinity content in the study area ranged from 180 to 920 mg/l with a mean 

concentration of 543 mg/l. This range is almost same in both pre and post monsoon 

period.  In fact, in all most all the samples show alkalinity content beyond desirable limit 

of 200 mg/l and in 35 locations it exceeds permissible limit of 600 mg/l. The excess of 

alkalinity may be due to the minerals, which dissolved in water from mineral rich soil. 

The various ionic species that contribute mainly to alkalinity includes bicarbonates, 

carbonates, hydroxides, phosphates, borates, silicates and organic acids. 

 

The hardness of water is a measure of the amount of calcium and magnesium rich 

minerals present in water (32).Water that has a hardness less than 75 mg/L is considered 

soft;75-150 mg/L, moderately hard; 150-300 mg/L, hard; and more than 300 mg/L, very 

hard and maximum permissible is 600 mg/l (33). Present study shows, total hardness 
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between 230 to 1300mg/l with a mean value of 566 mg/l during post monsoon. This 

range is almost same during post-monsoon season.  More than 35% of the area showed 

very high hardness which is beyond the permissible limit of 600 mg/l. Groundwater in all 

most all the villages are hard to very hard and it inevitable for the village people to use as 

there are no other water sources.  

 

The calcium content during post-monsoon period in the study area ranged from 16-173 

mg/l with a mean concentration of 77 mg/l, and the values in pre-monsoon period it is 

between 20-190 mg/l with a mean of 82 mg/l. Around 45% of the sample in pre-monsoon 

season shows higher values of Ca as per BIS (>75 mg/l). 
 

6. Conclusion: 

 

A study on groundwater analysis in Ramanagara taluk, Ramanagaram district, Karnataka, 

was carried out, to assess the groundwater quality. Groundwater depletion and quality 

degradation are the emerging issues posing a major threat to sustainability of ecosystems 

in this area.  

 

Physico-chemical investigation of the groundwater samples in the entire taluk of 

Ramanagara shows that the parameters such as pH, chloride, nitrate, sulphate and EC 

concentrations are within the acceptable limits (except 10-15 locations) for human 

consumption and irrigation purpose.  Around 38% of the samples show concentration of 

calcium, TDS and fluoride in the zone of permissible limit.  Similarly, around 62% of the 

samples show within permissible limit for total hardness and alkalinity. But, analytical 

results in 32-38% of the studied area shows high concentration in total hardness, 

alkalinity and fluoride which is beyond the permissible limit as per BIS.  

 

The groundwater in this area is fairly good and suitable for drinking and domestic 

purposes. However, continuous groundwater quality monitoring is very much required in 

all the villages. There is an urge to create awareness for farmers on rainwater harvesting, 

use of bio-fertilizers to maintain fertility of soil. 
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