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A B S T R A C T 

Hydrogeochemistry of Groundwaters in Kushaiguda region, Reddy district, Andhra Pradesh, India 
has been analyzed to evaluate its aptness for domestic and agricultural uses. Sixteen samples of 
groundwater were collected and evaluated the different physico chemical parameters namely, pH, 
Total hardness (TH), Electrical conductivity (EC), Total dissolved solids(TDS), cations such as 
Ca2+, Mg2+, Na+ and K+ and anions such as CO3

2-, HCO3
-, Cl- and SO4

2-. Different irrigation water 
quality parameters and diagrams such as, Permeability index (PI), Kelley’s ratio (KR) and Wilcox 
plot revealed that most of the water samples are suitable for irrigation. Gibbs plot suggests that the 
qualities of most of the samples are influencing the chemical weathering of rock forming minerals.  
Piper plot and Durov plot indicates the chemical composition of water, chiefly controlled by 
dissolution and mixing. 
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Introduction  

The water is a chief natural resource that is 

indispensable for all forms of life. It is also 

essential for maintenance and sustenance of 

life and hence is required for domestic, 

agricultural and industrial uses. 

Since water bodies are in contact with rocks, 

different kinds of soils, so many solutes may 

be present in ground and surface water. The 

quality of water differs because of different 

phylogeny sources (such as fertilizers, 

sanitary landfills, septic sewage etc.), 

atmospheric assertion and rock weathering 

process. There are major (>5ppm), minor 

(0.01 -10 ppm), and trace solutes (<0.01 ppm) 

in ground water.3 The major inorganic 

materials include Na, Ca, Mg, bicarbonate, 

sulphate, chloride, Silica while minor 

inorganic materials may be B, Fe, NO3, NO2, 

K, Sr, Mn, Br, F, NH4, CO2, O2; rest may be 

present in traces. Common organic 

constituents may include carbohydrates, 

humic acid, amino acids, fulvic acid, lignins, 

tannins, hydrocarbons, acetates, propionates; 

however, their concentrations are very low.4 

A wide range of chemical reaction may also 

occur between solids, gases and solutes 

present in water. The chemical reactions 

include acid-base, complexation, hydrolysis, 

redox reactions. Presence of solute in water 

may be due to different physical processes 

including solubility-precipitation and 

adsorption process. Atmospheric carbon 

dioxide dissolves in water to form carbonic 

acid, bicarbonate, and carbonate, whereas 

atmospheric oxygen dissolves unchanged.  

Different standards have been prescribed for 

water for a particular use. For drinking water 

standards prescribed by W.H.O. and B.I.S. are 

most commonly used. The quality and 

quantity of water in an aquifer need to be 

known for its proper use. This is known by 

studying the hydro geochemistry. 

The hydrogeochemical evaluation of 

groundwater provides knowledge about time 

and origin of ground recharge, time period of 

water in aquifer, composition of minerals, 

interaction and mixing of water from different 

sources and (bio) geochemical processes 

occurring during journey of water through the 

system. Therefore, the study of 

hydrogeochemistry creates extensive 

management and conservation of 

groundwater and surface water.   

In this paper a case has been studied on the 

Hydrogeochemistry of Groundwater in 

Kushaiguda region, Reddy District, Andhra 

Pradesh, which is not traceable in literature. 

Materials and Methods 

The data for the evaluation of 

Hydrogeochemistry of groundwaters of the 

study region is taken from the paper which has 

been already published. The analysis of 

Hydrogeochemistry of waters of the 

investigative area is carried by Using Aqua 

Chem Software and MS- EXCEL.  

Results and discussion 

From the data given in Table 1, the evaluated 

hydrogeochemistry of underground waters of 

the study area is discussed below: 

Hydrogeochemical facies 

Hydrogeochemical facies evaluation provides 

important information about groundwater 

type which reflects the chemical reaction 

occurs when water passes through pores of 

soil and rock fractures.10 Different categories 

of plots reveal the nature of the minerals with  
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Table-1: Physicochemical indices of Water Quality Parameters 

water which is in contact. Some of the 

important plots are: 

Piper Plot 

Piper plot separates the corresponding 

qualities as groups, therefore it is important 

for recognition of resemblance and variation 

of groundwater.11 The Piper plot is convenient 

for presenting the trends of major ions of 

multiple samples. The percentage of major 

cations and anions in meq/L are plotted in two 

separate triangles. The overall cations and 

anions in meq/L are calibrated to 100% and 

then data points of its two triangles projected 

over diamond grid. This diamond grid 

discloses certain important relationship of the 

total ions. All samples are projected by three 

data points, i.e., one in each triangle and one 

in the diamond grid. 

 

 

Fig. 1:  Piper Trilinear diagram showing hydro geo chemical facies of groundwater 
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From the Piper Diagram, the following types 

of waters are found in the study area as listed 

below (Table-2).  

The sample points plotted in triangle of piper 

plot again classified into six fields (indicated 

by a to f). From this classification, the  waters  

of the  study  area  were classified  into  five  

categories  indicated  by  a,b,c,d and f (Table-

3).  

 
 Table - 2: Classification of water based on Piper diagram 

 

Table - 3: Classification of water based on Piper diagram 
 

Durov Plot 

The Tri-linear Durov Plot is plotted by 

following the prescribed procedure12 in which 

the percentages of major ions are expressed in 

milliequivalents. From this plot we can 

evaluate the following classes of water type: 

(i) Bicarbonate and calcium dominant, which 

indicates that the water is recharging in  lime 

stone, sand stone, and many other aquifers, 

(ii) Association with dolomite or  ion 

exchange clay, (iii) Bicarbonate and sodium 

dominant means the water belongs from ion 

exchange, however at the depth, the formation  

of CO2  can  produce  bicarbonate under 

certain circumstances when  sodium  is 

dominant,  (iv) Calcium  and  sulfate  

dominant  indicates the lava or gypsiferous 

deposits recharge water, (v) No dominant 
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cation and anion revels that the water is  

exhibiting  simple  dissolution or mixing, (vi) 

Sulphate and sodium dominant water type    

indicates the probable mixing or uncommon 

dissolution influences, (vii) Chlorine and 

sodium dominant water is only when there is 

presence of cement, otherwise the waters are  

reversed ion exchange of Na-Cl type, (viii) Cl 

ions and Na ions dominant indicates that the 

groundwaters may corresponds to reverse ion 

exchange of Na-Cl type water, (ix) Cl ions 

and Na ions dominant simply indicates that 

the resultant down gradient waters through 

dissolution.  

 

 

  Fig.-2: Durov plot showing hydro geochemical facies of groundwater 

 
Table - 4: Classification of waters on the basis of Durov plot 
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Fig. -3: Gibbs diagram for groundwater of the investigative area 
 

In the study area, 25% of the water samples 

are dominated by Ca2+ and HCO3
- ions and 

75% water samples of the investigative area 

shows that there is no dominance of anion and 

cation which shows that they are exhibiting 

direct dissolution and mixing (Table-4).  

Geochemical Process 

The evaluation of causes for changes in 

quality of groundwater and planning for 

protection of groundwater, the following 

hydrogeochemical processes are used for 

identification the mechanism that controlling 

the chemistry of groundwater of the study 

area. 

The Gibbs Diagram  

From the Gibbs diagram the mechanism of 

quality control and dominated 

hydrogeochemical facies can be evaluated.13 

From the Gibbs diagram three distinct fields 

can be characterize such as the dominance of 

rock–Water interaction, Precipitation 

dominance, and Evaporation dominance (all 

the ions are expressed in meq/L). 

 

𝐆𝐢𝐛𝐛𝐬 𝐫𝐚𝐭𝐢𝐨 (𝒇𝒐𝒓 𝒄𝒂𝒕𝒊𝒐𝒏)

=
𝑵𝒂 +  𝑲

 𝑵𝒂 +  𝑲 + 𝑪𝒂𝟐
 

 

𝐆𝐢𝐛𝐛𝐬 𝐫𝐚𝐭𝐢𝐨 (𝒇𝒐𝒓 𝒂𝒏𝒊𝒐𝒏)      

=     
𝑪𝒍

 𝑪𝒍 + 𝑯𝑪𝑶𝟑
 

The Gibbs ratio (for cations and anions) 

verses total dissolved solid concentration 

(TDS) of the water samples is plotted and 

calculated Gibbs equation values (fig.-3). 

From the Gibbs Equation we can infer 

whether the water source belongs to 

evaporation dominance field or Precipitation 

dominance or rock–water dominance field.  

The distribution of groundwater samples of 

the study area suggests that the qualities of 

most of the samples are influencing the 

chemical weathering of rock-forming 

minerals. It is obvious that most of the cations 

and anions of water samples are derived from 

the rock weathering and not evaporation, 

precipitation and crystallization which 

suggest that the mechanism controlling 

groundwater chemistry is mainly water-rock 

interactions. Therefore, the rock-water 

interactions incorporate the dissolution or 

weathering of these minerals forming aquifer 

and the cation-exchange reaction taking place 

on the clay minerals. 

Source rock deduction 

The Rock Source Deduction report helps in 

gaining information about the possible origin 
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of water samples. According to the Gibbs 

diagram, mostly ions are derived from the 

rock weathering of crystalline dolomite, 

limestone and Ca-Mg carbonates. If TDS 

values are more than 600mg/L the formation 

of calcite and dolomite is easy.15 If the 

average TDS value in the study area is greater 

than 600mg/L, then it is possible that calcite 

and dolomite containing rocks are present in 

equilibrium with water.  

The plot between (Ca2+ + Mg2+) and (HCO3
- + 

SO4
2-); fig. (4a) indicates that mostly data 

point of the samples is above 1:1 equiline 

which indicates that the cations present may 

have originating by weathering of carbonate 

rocks. The plot between (Ca2+ + Mg2+) and 

(HCO3
-); fig. (4b) indicates that mostly data 

points of the samples are above 1:1 equiline 

which suggests that a part of the carbonate 

alkalinity is stabilized by alkali (Na+ and K+). 

The ratio of Na+/ (Na+ + Cl-) when less than 

0.5 and TDS is greater than 500 suggest the 

reverse softening of water. Moreover, the 

excess of Ca2+ + Mg2+ is however leveled by 

Cl- and SO4
2- ions.16 The plot between (Ca2+ + 

Mg2+) and total cations; fig. (4c) revels that 

the mostly data point is just on the 1:1 equiline 

which indicates the constant contribution of 

Na+ and K+.  in fig. (4d), the plot against (Na+ 

+ K+) and Cl- shows that the lack of (Na+ + 

K+) over Cl- in the water, this indicates the 

carbonate weathering.17 Additionally the 

Average molar ratio of Mg2+/ (Ca2+ + Mg2+) 

<0.5; fig. (4e) revels that the origin of Ca and 

Mg is carbonate weathering, particularly 

calcite-dolomite weathering. However, the 

ratio of (Na+ + K+)   verses total cations (less 

than 0.2), fig (4f)., of groundwater samples of 

the study area indicates that cations in the 

water samples originated via carbonate 

weathering to some extent.    

Cation-Exchange Reaction 

One of the important geochemical reactions is 

Cation exchange reactions. This reaction 

controls the origin and distribution of ions in 

the groundwater. These can be recognized by 

using the correlation between the sodium and 

Chloride ions. The cation exchange reaction 

is evident as the Concentration of Na+ ion is 

high with respect to Cl- ion.20 In the typical 

cation exchange reaction, Ca2+ ion can be 

remained as in the aquifer materials and Na+ 

ion is liberated to the water which is not 

leveled by Cl- ions, however can be balanced 

by alkalinity or SO42- ions. In the reverse 

cation exchange reaction Na+ ion is remained 

as in the aquifer and Ca2+ ion is liberated to 

the water. In the study area, Excess 

concentration of Cl- ions over Na+ ions (fig.-

5) is balanced by Ca2+ ions and Mg2+ ions and 

is a good indication of cation exchange 

reaction. 

Irrigation Water Quality 

There are mainly four types of problem when 

using poor quality of water: (i) Toxicity         

(ii) Salinity (iii) Water infiltration rate and 

(iv) Miscellaneous. The parameters EC, TDS, 

SAR, MAR, SSP, RSBC, PI, KR, sodium 

percentage etc. are determined and collated 

with national and international grades to 

estimate the water quality for irrigation 

purposes in which EC, TDS, SAR, MAR, 

SSP, RSBC have already been discussed in 

relevant paper. For current evaluation of the 

irrigation water quality in the investigative 

region, the following parameters have been 

considered:  
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 (a) (b) 
 

  
 (c) (d) 
  

 
 (e)  (f) 

Fig.-4:  Different Bivariate plots 

 

Permeability Index 

The permeability index (PI) provides 

significant information for improvement of 

the quality of water for irrigation.25-26 The 

Permeability Index in the groundwater sample 

evaluates the overall concentrations of 

sodium and bicarbonate to total cations.

   

The PI values of the groundwater samples of 

the investigative area are given in the above 

table. This PI values indicates that only 

sample no. 16 belongs to class-I (PI >75%) 

and sample no. 13 belongs to class-II (25–75 

%) and rest belongs to class-III (PI <25 %) 

types of water indicated good, poor and very 

poor respectively for irrigation purpose in the 

study region.  
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Kelley’s ratio  

Kelley’s ratio (KR) is an index of the 

suitability of waters for the irrigation in 

agriculture. Sodium is measured with respect 

to calcium and magnesium for calculation of 

KR parameter. The acceptable limit of the 

Kelly’s ratio is less than one (<1) of waters for 

irrigation. In the study region, the KR ratio of 

all the samples are below such standards, i.e., 

<1 which shows that all the waters are suitable 

for irrigation.    

𝐊𝐞𝐥𝐥𝐞𝐲’𝐬 𝐫𝐚𝐭𝐢𝐨 (𝑲𝑹) =
𝑵𝒂

𝑪𝒂𝟐 +  𝑴𝒈𝟐
 

 

Table-5: PI and KR values of Water samples  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.-5: Plot of Na+ (meq/L) vs. Cl+ (meq/L) 

SampleID StationID PI KR
1 KW-1 18.35 0.22
2 KW-2 16.1 0.26
3 KW-3 3.36 0.08
4 KW-4 14.75 0.21
5 KW-5 6.03 0.06
6 KW-6 4.44 0.07
7 KW-7 22.58 0.28
8 KW-8 19.06 0.18
9 KW-9 17.15 0.11

10 KW-10 16.3 0.11
11 KW-11 14.81 0.13
12 KW-12 19.5 0.16
13 KW-13 26.07 0.32
14 KW-14 19.76 0.27
15 KW-15 23.56 0.19
16 KW-16 82.29 0.81
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S. No. Parameters Range Suitable for irrigation 
1  

SAR 
<10 

10-18 
18-26 
>26 

Excellent 
Good 

Doubtful 
Unsuitable 

2  
SSP 

<20 
20-40 
40-80 
>80 

Excellent 
Good 
Fair 
Poor 

3  
PI 
 

>75 
25-75 
<25 

Good 
Moderate 

Poor 
4  

KR 
<1 
>1 

Good 
Unsuitable 

5  
RSBC 

<5 
5-10 
>10 

Safe 
Marginal 

Unsatisfactory 
6 MAR <50 

>50 
Good 

Unsuitable 
 

Table-6: Limits of some important parameters for irrigation water quality 

Fig.-6: Wilcox diagram for groundwater of the investigative area 

 

Wilcox Plot:  

The Wilcox plot is usually used for the 

evaluation of the viability of water for 

irrigation. The other name of Wilcox plot is 

the U.S. Department of Agriculture diagram. 

According to Wilcox diagram all water 

samples of the study region shows low 
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sodium hazards and high and very high 

salinity hazards.  

Conclusion 

The mean trend of anions and cations in the 

groundwater of the Kushaiguda region, 

Reddy District is HCO3
- > Cl- >SO4

2- and Ca > 

Mg > Na respectively. Considering 

hydrogeochemical facies, 25% of the water 

samples are dominated by Ca2+ and HCO3
- 

ions and 75% water samples of the 

investigative area shows that there is no 

dominant of anion and cation which indicates 

that they are exhibiting direct dissolution and 

mixing. From the Gibbs diagram the quality 

of groundwaters of the investigative area is 

influenced by rock forming minerals of 

carbonate - weathering minerals rather than 

precipitation, crystallization and evaporation. 

Different irrigation water quality parameters 

and diagrams such as, Permeability index 

(PI), Kelley’s ratio (KR) and Wilcox plot 

revealed that mostly water samples are 

satisfactory for irrigation.  
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