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Abstract: Eight groundwater samples of Chintamani Taluk of Chikkaballapur District were analysed for the Physico-

chemical properties like pH, TDS, EC, Alkalinity, Total Hardness, Ca
++

, Mg
++

, NO3
-
, SO4

2-
, F

-
 and Pb following the 

standard guidelines of APHA (1998). Out of eight ground water samples six samples were found to have nitrate level 

above the permissible limit (45mg\L), all the fluoride levels close to the permissible limit (1.5 mg\L). Six samples were 

found to have Pb level greater than the permissible limit (0.01 mg\L). The above mentioned water quality variables are 

hazardous to the biological system which emphasises the need for improvising the water quality. 
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I. INTRODUCTION 

Abiogenesis was theorised mainly by Miller, Uray and Alexander Oparin. Their theories have indicated the origin of 

the first life forms in water, from inorganic molecules through polymerization. Water became the primary medium for 

the birth of life on earth three million years ago. When we look at the present scenario, we must realize that the water 

quality is deteriorating due to several factors such as urbanization, industrialization, etc. As our earth is a closed system, 

the quantity of water has remained the same over billions of years but most of the fresh water is in the form of glaciers 

and only about 1% of it is available as potable water which is largely stored beneath the surface in Aquifers. 

As agriculture is the backbone of our nation, groundwater is the major source of irrigation in many parts of India [1]. 

Excessive use of chemical fertilizers to increase the agricultural yield paves a way to leaching of chemicals and 

percolation which degrades the chemical composition of the groundwater [2,3]. To overcome the problems such as 

increased human consumption, poor quality and scarcity of water, judicious management and recycling of water are 

mandatory. As the demand for the usable water is much greater than the availability and the quality is also degrading 

by human activities, there is a dire need to maintain the quality and security of water to meet the demands. 

Approximately, 33% of the Indian villages have no access to fresh water. Polluted water with organic wastes provides a 

congenial environment for the pathogens. In India, Diarrhoea is responsible for the death of approximately 1.8 million 

children in a year. Due to water related diseases 6-8 million people die in a year around the world. As water plays a 

vital role for the sustenance is life, its proper maintenance and conservation is strongly recommended. 

II. STUDY AREA 

Karnataka state has seven major rivers , the total water resources of all the seven river basin is estimated to 7663 TMC 

and groundwater availability in the state is estimated to 485 TMC, the study area is not situated in the above said seven 

river basin of the state, it is completely dependent on small lakes and aquifers. Chikkaballapur district lies in the south 

eastern part of Karnataka. Chintamani is one of the six taluks of the above said district. The taluk has a land area of 

3,287,293 km
2
, and its geographical location being 13.4° North latitude, 78.07° East longitude. It is situated 865 m 

above the sea level and bounded by Sidlaghatta in the West, Bagepalli in the North – West, The Morphological 

gradient is an edge-strength extraction operator that gives symmetric edges between foreground 

and background regions. 
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III. METHODOLOGY 

Groundwater samples for analysis were collected from eight different stations of Chintamani taluk during the period of 

monsoon 2013. The samples were collected in pre cleaned black coloured polythene cans of 5L capacity. The cans 

were rinsed with the sampling water before the collection. (As per APHA 1998). The samples were transported to the 

laboratory with the necessary precautions. The physical parameters such as Temperature, pH, EC and the chemical 

parameter DO were estimated on the spot using Systronics water analyser – 371 instrument. The chemical parameters 

such as Total Hardness, Chloride, Alkalinity and Calcium were estimated by titrimetric method in the laboratory of 

Vivekananda Degree College. The Alkali metals such as Na
+ 

and K
+ 

were analysed using Flame Photometer FPM – 128 

of Systronics make.  Nitrate and Sulphate (turbidimetry) were estimated using the Spectrophotometer- Elico 

make,Fluoride was estimated using Tintometer (Multidirect Spectrophotometer of UK) in the laboratory of Atria 

Institute of Technology. 

IV. RESULTS AND DISCUSSION 

pH: pH measures the alkalinity or acidity of water. pH values of the samples ranged from 4.58 to 7.94 and the mean 

value was found to be 6.97 as shown in table-1 and depicted in graph-1, as shown in table . An alarming pH value of 

pH 4.58 was observed in groundwater sample collected from Anjani Extension. All the other samples were within the 

permissible limit of WHO (1993). pH showed a positive correlation with EC, TDS, DO, Total Alkalinity, Total 

Hardness, Ca
++

, Mg
++

, Na
+
, NO3

-
 and F

-
 and negative correlation with K

+
, Cl

+
 and SO4

2-
 as shown in the table III 
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Graph – I showing the pH values at different study sites 

 

Electrical Conductance (EC): Electrical Conductivity is the measure of the conductance of the water which is due to 

the total dissolved solids in water, in the present research EC values ranged from 348 to 1458 micro S /cm, the average 

value of EC reported is 732.75 micro S /cm as shown in the table 1 and Graph – II. Electrical Conductivity showed a 

positive correlation with pH as shown in the table III. 
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Graph – II Showing the EC values in µS /cmat different study sites 

Total Dissolved Solids (TDS): Total dissolved Solids is directly related to EC. The water containing TDS more than 

1000 mg/L becomes unacceptable according to WHO as it affects the palatability. In the present research, the TDS 

values ranged from 175 to 793 mg/L, with an average TDS value of 398 mg/L as shown in the table-I and Graph - III. 

38% of the groundwater samples indicated TDS values above the prescribed permissible limits of WHO for drinking 

water standards (1993). TDS showed a positive correlation with DO, Total alkalinity, Total Hardness, Ca
++

, Mg
++

, Na
+
, 

Cl
-
, and NO3

-
and showed negative correlation with K

+
 and SO4

2-
 as shown in table III. 
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Graph – III:  Showing the TDS values in mg/L at different study sites 

Dissolved Oxygen: The amount of Oxygen dissolved in water is referred to as DO, it represents the quality of water. 

The concentration level of DO in water is dependent on the physical, chemical and Biochemical activities available in 

the water body. DO is an important factor for the dissolution of inorganic substances in water [4].  In the present 

investigation the DO values ranged between a minimum of 4.56 mg/L and a maximum of 7.56 mg/L with an average 

value of 6.1 mg/L as shown in the table-I and graph- IV. DO showed a positive correlation with Ca
++

, Mg
++

, Na
+
, K

+
, 

Cl
-
, NO3

-
, and F

-
 and negative correlation with Total Alkalinity, Total Hardness and SO4

2-
 as shown in the table-III. 
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Graph-IV: Showing the DO values in mg/L at different study sites 

Total Alkalinity: Alkalinity is a measure of the capacity of the water to neutralize the acids. Alkalinity is caused due to 

the presence of bicarbonates, carbonates and hydroxides. In the current findings, the alkalinity ranged from 110mg/L to 

a maximum of 2760 mg/L with an average of 164.25 mg/L as shown in the table-I and graph-V. 75% of the samples 

under examination showed total alkalinity values above the permissible limits of WHO for drinking water (1993). 

Alkalinity is positively correlated with pH, EC and TDS and negatively correlated with DO as shown in the table-III. 
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Graph – V:  Showing the Alkalinity values in mg/L at different study sites 

Total Hardness: Total Hardness is caused by the divalent metal ions and mainly due to the presence of Ca
++

 and Mg
++

 

ions in the groundwater. In the current study, the total hardness of the groundwater samples varied from a minimum of 

40.0 mg/L to a maximum of 910.0 mg/L with a mean of 411.25 mg/L, as shown in table-I and graph-VI. 75% of the 

samples had the total hardness values above the permissible limits of BIS (1998) for drinking water. Total hardness 

showed a positive correlation with Ca
++

, Mg
++

, Na
+
, NO3

-
, F

-
 and SO4

2-
 and negative correlation with Cl

-
 and SO4

2-. 
As 

shown in table-III. 
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Graph – VI:  Showing the Total Hardness values in mg/L at different study sites 

Calcium: In general, Calcium content in groundwater is greater than Mg. It is a major component of most Igneous, 

metamorphic and sedimentary rocks. The range of calcium content in groundwater is largely dependent on solubility of 

Calcium carbonate, Calcium Sulphate and also Calcium chloride. In the present findings, Calcium values ranged from a 

minimum of 68 mg/L to a maximum of 440 mg/L with a mean of 281.75 mg/L as shown in the table-I and graph-VII. 

90% of the samples under examination have Ca values above the permissible limits of WHO (1993). Ca showed a 

positive correlation with Mg
++

, Na
+
, k

+
, NO3

-
, and F

-
and a negative correlation with Cl

- 
and SO4

2-
 as shown in the table-

III. 

Magnesium: Magnesium is an important component of the basic igneous rocks such as Dunites, Pyroxenites and 

Amphibolites and Volcanic rocks. In the present pursuit Mg content varied between a minimum of 24.40 mg/L and a 

maximum of 218.40mg/L with a mean value of 99.4 mg/L. as shown in table-I and graph-VII. 63% of the samples have 

the Mg values above the permissible limits of WHO (1993). Mg showed a positive correlation with Na
+
, K

+
, NO3

-
, F

-
 

and SO4
2-

 and negative correlation with Cl
-
. As shown in the table-III. 
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Graph – VII:  Showing the Calcium and Magnesium values in mg/L at different study sites 
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Sodium: Sodium occurs in nature in combined state, and it is largely distributed and occupies about 2.6% of the earth’s 

crust. The role of Sodium is important in Agriculture and human pathology. High Sodium content present in the 

groundwater in the form of Chloride and sulphate makes the water salty and is unfit for the human consumption [5]. It 

is an essential element in living organism. In the present investigation, the sodium values are varied from a minimum of 

5.0 mg/L to a maximum of 140.22 mg/L, the mean is found to be 78.61 mg/L as shown in the table-I and graph-VIII. 

All the samples have the Na values below the permissible limits of WHO (1993). Sodium showed a positive correlation 

with Fluoride, Nitrate and sulphate, it showed a negative correlation with potassium as showed in the table III 
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Graph – VIII:  Showing the Sodium values in mg/L at different study sites 

Potassium: Potassium is an Alkaline Earth metal which dissolves in water mainly from agricultural leaching. 

Potassium levels in the groundwater samples varied from a minimum of 0.5 to a maximum of 1.69 mg/L with an 

average of 0.7 mg/L as shown in the table-I and graph-IX.  Potassium is positively correlated with Calcium and 

Magnesium and negatively correlated with, EC, TDS, and Total Hardness as shown in the table-III 
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Graph – IX:  Showing the Potassium values in mg/L at different study sites 

Chloride: Chloride originating from NaCl gets dissolved in water from rocks and soil, NaCl has little effect on 

suitability of water, the removal of NaCl from water is difficult and not economical. In the present study, Chloride 

ranged between a minimum of 49.63 mg/L and to a maximum of 546.03 mg/L with a mean of 220.3 mg/L as shown in 

the table-I and graph-X. 38% of the samples have the Chloride values above the permissible limits of WHO (1993). 

Chloride is positively correlated with EC, TDS and Potassium, and negatively correlated with Total Hardness, Total 

Alkalinity, Magnesium and pH as shown in the Table-III 

Nitrate: The most oxidised form of Nitrogen is Nitrate [6]. Nitrate values of the groundwater samples vary from 31.56 

to 125.14 mg/L with an average of 81 mg/L as shown in the table-II and as depicted in the graph-XI. 75% of the 

samples have NO3
-
 values above the permissible limits of BIS (1998), indicating that the groundwater samples are non-

potable. Nitrate has a positive correlation with pH, EC, TDS, Total Hardness and negatively correlated with K
+
 and Cl

- 

as shown in the table-III. 
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Graph – X:  Showing the Chloride values in mg/L at different study sites 
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XI:  Showing the Nitrate values in mg/L at different study sites 

Fluoride: Free fluorine is found little in nature due to its high reactivity, it is found as fluorides [7]. Fluoride enters in 

to the groundwater when it flows through the bedrock having fluoride minerals such as Cryolite, Fluorite, Fluorspar etc. 

[8,9,10]. Fluoride values of the groundwater samples varied from 0 to a maximum of 1.47 mg/L, with an average of 

1.02 mg/L as shown in the table-II and Graph-XII. All the samples have the Fluoride values close to the permissible 

limit of (WHO 1993). Fluoride is positively correlated with pH, EC, TDS, total hardness, total alkalinity, calcium and 

magnesium. It is negatively correlated with potassium and chloride as shown in the table-III. 
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Graph – 
XII:  Showing the Fluoride values in mg/L at different study sites 

Sulphate: It is present in atmospheric precipitation only for about 2mg/L but it is present in groundwater because of the 

oxidation, precipitation solution and concentration as the water passing through rocks. The sources of this contaminant 

are sulphur minerals, Sulphides of heavy metals which are of common occurrence in igneous and metamorphic rocks. 

Sulphate salts are mostly soluble in water and imparts hardness and with a concentration of more than 1000 mg/L, may 

cause intestinal disorders. In the present findings, the sulphate values ranged between a minimum of 44 mg/L to 84.38 

mg/L with a mean of 59.68 mg/ as shown in the table-I and graph-XIII. SO4
2- 

showed a positive correlation with EC, 

total alkalinity, total hardness, Mg
++

, Na
+
, K

+
, NO3

-
 and F

-
, and negative correlation with TDS, DO, Ca

++
, pH and Cl

-
 as 

shown in the table-III All the samples have got the SO4
2-

 values within the permissible limits of WHO (1993).  A 

similar report in bore well investigation was reported by [11]. 
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Graph – XIII:  Showing the Sulphate values in mg/L at different study sites 

 

Table 1: showing the Minimum, Maximum, Mean and standard deviation values of the groundwater samples 

  Descriptive Statistics 

  Minimum Maximum Mean Std. Deviation 

pH 4.58 7.94 6.9675 1.12624 

EC 348.00 1458.00 732.7500 406.72165 

TDS 175.00 793.00 397.6250 234.78558 

DO 4.56 7.56 6.0913 1.33294 

Total 

Alkalinity 
110.00 2760.00 

1642.500

0 
972.70976 

Total Hardness 40.00 910.00 411.2500 285.92894 

Calcium 68.00 440.00 281.7500 113.58791 

Magnesium 24.40 218.40 99.3550 67.39469 

Sodium 5.00 140.22 78.6050 48.73675 

Potassium 0.5 1.68 0.6988 0.55300 

Chloride 49.63 546.03 220.2950 155.47645 

Nitrate 31.56 125.14 80.6350 37.29153 

Fluoride 0.00 1.47 .8963 0.54358 

Sulphate 44 84.38 59.688 45.245 

 

V. CONCLUSION 

In the current investigation, physicochemical parameters are estimated in the groundwater samples of various stations 

in Chintamani taluk. The study revealed that most of the water samples are not suitable for drinking due to high NO3
-
 , 

Total Hardness, and Bicarbonate. As a consequence, the groundwater of this study area needs a suitable treatment 

before consumption. 
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Table 2: Showing the values of all the parameters of the groundwater samples for eight stations 

Table 3: Sowing the correlation between all the water quality parameters. 

  pH EC TDS DO TotalAlkalinity Total Hardness Calcium Magnesium Sodium Potassium Chloride Nitrate Fluoride Sulphate 

pH 1 
             

EC 0.241 1 
            

TDS 0.221 0.953** 1 
           

DO 0.138 0.08 0.042 1 
          

Total 
Alkalinity 

0.793* 0.388 0.268 -0.02 1 
         

Total 

Hardness 
0.554 -0.007 0.037 -0.27 0.738* 1 

        

Calcium 0.583 0.268 0.189 0.291 0.518 0.099 1 
       

Magnesium 0.461 .751* 0.637 0.073 0.561 0.06 0.382 1 
      

Sodium 0.764* 0.419 0.396 0.007 0.847** 0.675 0.455 0.726* 1 
     

Potassium -0.42 -0.019 -0.04 0.31 -0.374 -0.529 0.281 0.163 -0.103 1 
    

Chloride -0.291 0.065 0.244 0.331 -0.378 -0.075 -0.082 -0.518 0.397 0.003 1 
   

Nitrate 0.648 0.627 0.571 0.097 0.839** 0.604 0.329 0.795* 0.937** -0.148 -0.294 1 
  

Fluoride 0.810* 0.192 0.083 0.128 0.837** 0.516 0.599 0.669 0.896** -0.024 -0.611 0.776* 1 
 

Sulphate -0.30 0.05 -0.03 -0.60 0.124 0.15 -0.186 0.336 0.244 0.295 -0.578 0.231 0.181 1 

 

Sample No pH EC TDS DO TA TH Ca2+ Mg2+ Na+ K+ Cl- NO3
- F- SO4

2- 

1 7.65 1238 793 4.56 2150 690 276 165.6 140.22 0.5 248.19 125.14 1.08 70.63 

2 6.1 786 504 7.56 220 40 288 24.4 5 0.9 546.03 31.56 bdl 28.75 

3 4.58 348 175 4.65 110 170 68 41.48 10.42 1.01 168.75 33.22 0.11 84.38 

4 7.21 392 201 6.97 1800 440 440 107.36 111.43 1.68 169 85.27 1.47 67.5 

5 7.88 493 222 4.65 1850 350 350 84 62.77 0.2 49.63 52.05 1.05 55 

6 7.94 546 304 7.56 1800 480 192 115.2 103.63 0.29 148.91 100.78 1.26 45 

7 7.3 601 300 5.81 2760 910 276 38.4 91.32 0.5 322.65 96.35 0.95 57.5 

8 7.08 1458 682 6.97 2450 210 364 218.4 104.05 1.01 109.2 120.71 1.25 68.7 

WHO (1993) 7-8.5  500  500  75 50 200  200   200 

BIS (1998)   500  200 300 75 30   250 45 0.6-1.2 200 
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