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I. Introduction 

Water is one of the universal solvent and it is capable of disolving solids, inorganic and organic materials. The 

important factors controlling the geochemical estimation and qualities of ground water which includes rain 

water, types of soils and mineralogy of rock formation. The compositon of ground water gives information 

about the environment through which water has circulated (Applo and Postmoa 1993). Quality of water is one of 

the most important aspects in the study of ground water. The common ions available in water are positively 

charged (cations) and negatively charged (anions). The major cations are sodium (Na+), potassium (K+), calcium 

(Ca2+) and magnesium (Mg2+). The major anions are chloride (Cl-), sulphate (SO4 2- ), fluoride (F-) and nitrate 

(NO3
-). In ground water, the chemical parameter plays a significant role in classifying and analyzing water 

quality. The ionic concentration and certain indices suggest finding out alkali hazards. To find the suitability of 

irrigation water, residual sodium carbonate (RSC) can be used. In the classification of water for a particular 

purpose considering the individual concentration may not find its suitability and better results can be obtained 

by considering chemistry of all the ions. Classification of chemicals also gives idea on the concentration of 

different predominant cations, anions and their interrelationship. To understand the complexities of ground 

water systems, presentation of chemical analysis in graphical form can be used. Subramanian has used different 

methods to classify the chemistry of ground water in hard rock including coastal in the southern part of India. 

The main objective of the work carried presently is to analyze the main ion chemistry of the ground water in the 

three taluks using the following methods: (i) Piper trilleniar diagram, (ii) Hardness by using Sawyer and 

Mccarthy, (iii) Ground water quality based on RSC, and (iv) Ground water quality based on SAR. 

II. STUDY AREA 

Madhugiri (TQ) is located south eastern corner of Karnataka between 13 ̊ 39’ 30’’ north latitude and 77 ̊ 12’ 

34’’ east longitudes. Koratagere (TQ) is located south eastern corner of Karnataka state between west 13 ̊ 13’ 

00’’ north latitude and 77 ̊ 14’ 30’’ east longitudes. Pavagada (TQ) is located south eastern corner of Karnataka 

state between west 14 ̊ 10’ 15’’ north latitude and 77 ̊ 17’ 30’’ east longitudes.  The total population of the three 
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eastern corner of Karnataka state between west 14  ̊10’ 15’’ north latitude and 77 ̊ 17’ 30’’ east longitude. 

The area of three taluk approximately 3500 km2 lying within the semi rigid region and are facing water 

scare city as well as facing water quality problems. The main source of employment is cultivation of 

agricultural land, articulture, as well as animal husbandary, almost 90% of the work force concentrated. The 

samples of water are collected from 100 points during pre-monsoon and 120 locations during post-monsoon 

and were subjected to chemical analysis. In the study area the type of water that predominates is Ca-Mg-

HCO3 type , both in pre and post monsoon. 

The criteria for suitability of water for irrigation can be evaluated based on the following 

1. Sodium adsorption ratio 

2. Residual sodium carbonate 

3. Sodium percent 

4. Salinity hazard 
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taluks is 18 lakhs, the employment opportunities in the above taluks are animal husbandary, agriculture and 

horticulture. The geographical surface in the above three taluks is mainly constituted of igneous rocks. The 

major river flowing in the area is Jayamangali river. Apart from this the three taluks also engulf forest cover.  

 

 
Fig. 1 Location of Study area 

 

III. METHODOLOGY 

Ground water samples were collected from 100 locations from all the three taluks during pre monsoon and post 

monsoon. All the water samples collected were shifted into precleaned polythene container for the analysis of 

chemical characteristics. Chemical properties were analysed for the major ion concentration of the water 

samples collected from different locations. The quality of analytical data (conc. of cation and anion) is evaluated 

by computing the ionic balance. The ionic balance of the solution is calculated by comparing the sum of 

equalence of the cation with sum of equalence of the anions by using the formula 

 

alance=[∑cation-∑anion] / (∑cation+∑anion)×100 

 

IV. RESULTS AND DISCUSSION 

After analyzing the chemical analysis, ionic balance were calculated. For the determination of possible errors 

and inconsistency on data set cation-anion balance method was adopted to pre monsoon and post monsoon 

water samples for further analysis. The histogram of ion balance for pre monsoon show that 21 samples are 

within the acceptable limit of  10% [celeseri 1998] while 1 sample has more than the acceptable limit because 

of insufficient cations. As shown in the figure. In the post monsoon, 24 samples have been found within the 

acceptable limit of 10% limit while remaining 6 samples have more than acceptable limit. As shown in the 

figure 2 & 3. 
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       Fig. 2 Histogram of cation anion balance (pre-monsoon)                   Fig. 3 Histogram of cation anion balance (post-monsoon) 

 
PIPER TRILLINEAR DIAGRAM: one of the most useful graphs for representing and comparing water quality 

analysis is the trllinear diagram by piper.  In the piper plots major ions are plotted as cation and anion % of 

milliequalence in two base triangles. The total cations and anions are set equal to 100%. The data point in the 

two triangles is projected on the central diamond shaped grid parallel to the upper edges of the central area. The 

projection indicated certain useful properties such as similarities and the differences among ground water 

samples, those with the similar qualities will tend to plot together as groups , simple mixture of water sources 

can also be identified( TODD 1990). The ionic concentration of major cations and anions found in ground water 

of the study area plotted in the pipers trillinear diagram.(graph) Among total 30 samples of pre monsoon, cations 

are clustered within the area of 20-40% Ca, 25-40%Mg, 20-25% Na while anions fall within the area of 20-40% 

Cl, 25-40 % SO3. The majority of ground water samples belong to calcium/magnesium. Apart from the above, 

major types of mixed grouping are as found below. 

1. SO4+ Cl. 

2. Ca+Mg+HCO3. 

3. Ca + HCO3. 

PIPER TRILLINEAR DIAGRAM

                   

PIPER TRILLINEAR DIAGRAM

 
Fig. 4 Pre -monsoon ground water samples plotted in  Piper 

trillinear diagram  

 

Fig. 5 Pre-monsoon ground water samples plotted in  Piper 

trillineardiagram
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PIPER TRILLINEAR DIAGRAM

 

PIPER TRILLINEAR DIAGRAM

 
Fig. 6 Pre -monsoon ground water samples plotted in  Piper 

trillinear diagram 

 

Fig. 7 Post -monsoon ground water samples plotted in  Piper 

trillinear diagram

PIPER TRILLINEAR DIAGRAM

 
Fig. 8 Post -monsoon ground water samples plotted in  Piper trillinear diagram

Hardeness in the water is caused due to the presence of cations such as calcium and magnesium and anions such 

as carbonate, bicarbonate, chloride and sulphate. Hard water is not suitable for domestic purposes. In korategere 

taluk total hardness varies from 60-400, madugiri taluk 55-470 and pavgada 120-400. For the post monsoon 

period the values vary from 55-400, 40-500 and 120-390 respectively in the three taluks. 

 

Table I Hardness classification of water according to sawyer and mccarthy 
Range of hardness Group of water class Pre monsoon samples Post monsoon 

samples 

0 to 75 Soft 70  (1 sample) 60-70  (5 samples) 

75 to 150 Moderate 60  (30 samples) 60-100 ( 26 samples) 

150 to 300 Hard 80  ( 75 samples) 80-100 (80 samples) 

>300 Very hard 80-100 (20 samples) 90-100 ( 10 samples) 

 
Wilcox has done classification of groundwater for the purpose of irrigation according to % of sodium. The 

USSL laboratory in the department of agriculture used the techniques by which sodium in irrigation water is 

determined using the following formula. 

% of Na = (Na+)*100/(Ca2+ + Na+ + K+). 

Where the quantities of Ca2+, Mg2+, Na+ and K+ are expressed in milli-equalents per liter (epm), the ground 

water samples of classification with respect to % of sodium are as shown in the table II. 
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Table II Water class according to percentage of sodium 
Sodium % Group of water class Pre monsoon samples Post monsoon samples 

<20 excellent 
5.26 to 14.25 
(50 samples) 

6.9 to 15 (60 samples) 

20-40 good 
30.13 to 36.6 

(2 samples) 
20 to 36 (2 samples) 

40-60 Permissible 40 to 58 (1 sample) 40 to 50 (1 sample) 

60-80 Doubtful - - 

>80 unsuitable - - 

RSC is determined using the following equation. RSC=[HCO3- + CO3
2- ] – [Ca 2+ + Mg2+ ]  where all the 

concentrations are expressed in epm. According to agriculture department of US, water having more than 2.5 

epm of RSC is not fit for irrigation purpose. The results of RSC in the study area are represented in following 

table III. 

 

Table III Quality of groundwater according to RSC (Residual Sodium Carbonate). 
 

RSC(ppm) Remarks on quality of 

ground water 

Pre 

monsoon 

Post 

monsoon 

<1.25 Good 18 samples 20 samples 

1.25 to 2.5 Doubtful 1 sample 2 samples 

>2.5 Unsuitable - - 

Irrigation water is classified based on sodium concentration, on the basis of a factor called as sodium-adsorption 

ratio [SAR] given by the equation  

 
Where all ionic concentrations are expressed in ppm. 

Based on SAR value water can be divided into four types. 

1. Low sodium water          (S1) 

2. Medium sodium water    (S2) 

3. High sodium water          (S3) 

4. Very high sodium water  (S4) 

Table IV Classification of irrigation water based on SAR. 
Sodium 

hazard 
class 

SAR in 

equivalence 

per mole 

Remarks 

on water 

quality 

Pre 

monsoon 

Post 

monsoon 

S1 0-10 Excellent 
All 

samples 
Allsamples 

S2 10-18 Good - - 

S3 18-26 Doubtful - - 

S4 >26 Unsuitable - - 

The ground water samples from the study area of the three taluks corresponding to SAR are represented in the 

above table. The SAR value of all the samples are found to be less than 10 and classified as excellent for 

irrigation during pre and post monsoon. 

 

V. Conclusions 

1. Based on hydro chemical evaluation the type of water that predominates in the three taluks is Ca-Mg-

HCO3. 

2. In the study area, majority of water samples fall under the hard water category. 

3. Normally suitability of water for irrigation is done using SAR, %Na, RSC and salinity hazard. While 

determining the suitability of water, other factors like soil type, type of crop, crop pattern, frequency, 

rainfall, climate conditions are also considered. 

4. Water that is not suitable based on the above classifications however suit the well drained type of soil. 

5. Most of the sample in the three taluks fall in required limit for irrigation purposes based on the results 

from SAR, %Na and RSC values. 

6. In the study area of the three taluks the ground water is generally Ca-Mg-HCO3 type due to the geology 

of the area which consists of igneous rocks of crystalline nature. 
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7. In the study area the ground water generally occurs below the weathered and fractured granite rocks 

and gneisses.    
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