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ABSTRACT 

Thirty Ground water samples were collected in and around Macherla, Guntur district, 

Andhra Pradesh, India to assess the suitability for domestic, irrigation, and industrial purposes.  

The physical and chemical parameters of ground water in the study area were analyzed and then 

correlated with those of World Health Organization (WHO, 2006) Standards.  Major cations 

(Mg
2+

, Ca
+2

,
 
K

+
, Na

+
) and anions (SO4

2-
, NO3

-
, F

-
, Cl

-
, CO3

2-
, HCO3

-
) were plotted on piper 

trilinear diagram (Piper 1944). Results indicate that alkaline earth, metals exceeds alkalis. The 

important constituents that influence the water quality for irrigation such as Electrical 

Conductivity(EC), Total Dissolved Solids(TDS), Sodium Adsorption Ratio(SAR), Sodium 

percentage(Na%), Residual Sodium Carbonate(RSC) were assessed and compared with their 

respective standard limits.  Assessment of ground water samples were also carried out to study 

incrustation and corrosivity in industries.  An overview of all the ground water samples indicate 

that they are suitable for drinking, irrigation and industrial purposes except for few locations 

which exceed the permissible limits. 

KEY WORDS: Hydro Geochemistry, Ground water quality, Piper Trilinear Diagram, SAR, 

Incrustation, Corrosivity, Macherla, Andhra Pradesh. 

 

INTRODUCTION 

Water is an essential natural resource for sustaining life and environment that we have 

always thought to be available in abundance and free gift of nature. However chemical 

composition of surface or subsurface water is one of the prime factors on which the suitability of 

water for drinking, irrigation and industrial purpose depends.  Fresh water occurs as surface 

water and ground water. Lack of freshwater presents a global problem of huge dimensions and a 

major effort is required to ensure good quality drinking water for the world population. Much of 

the drinking water is derived from surface waters but, particularly in developing countries, 

groundwater is often preferred because it needs less treatment and has a better bacteriological 

quality which helps to minimize the spread of water-borne diseases like cholera. Hence land and 

water resources need to be utilized wisely to meet the growing demand of food, fuel and fodder 

for ever increasing population. The population in India is increasing at an annual rate of 1.7 

crores and by the year 2050 may cross 150 crores. India will be requiring about 1,2010,000 lakh 
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cubic meters of water in the year 2050 A.D to cater to the needs of population for food, drinking 

water, domestic and industrial requirements due to which there is a great need to conserve the 

natural resources [1]. Suitability of water for various uses depends on type and concentration of 

dissolved minerals. Rock weathering, Atmospheric precipitation, Evaporation and Crystallization 

are the natural factors which influence the water chemistry. 

 

Numerous works have reported that apart  from natural factors, anthropogenic activities 

like urban development, Industries and Agriculture directly or indirectly affect the groundwater 

quality [2];[3];[4];[5]. An appropriate assessment of the suitability of groundwater requires the 

concentrations of some important parameters like pH, electrical conductivity (EC), TDS, Ca2+, 

Mg2+, K+, Na+, Cl
-
, HCO

-
3, SO2

-
4, F

-
, NO

-
3, and comparing with the guideline values set for 

potable water [9] The suitability of water for irrigation is determined in several ways including 

the degree of acidity or alkalinity (pH), EC, residual sodium carbonate(RSC), sodium adsorption 

ratio (SAR), and total hardness (TH) along with the effects of specific ions [6]. 

Continuous monitoring of water quality parameters is highly crucial because changes in 

the quality of water have far reaching consequences in terms of its effects on man and biota.  

Water quality data is essential for the implementation of responsible water quality regulations for 

characterizing and remediating contamination and for the protection of the health of humans and 

the ecosystem. Regular monitoring of groundwater resources thus plays a key role in sustainable 

management of water resources.  .Hence the present investigation is undertaken mainly to study 

the impact on chemical quality of water of the Macherla area due to limestone quarries, mining 

activities, cement factories, latest agricultural practices and manmade activities for utilizations in 

drinking, irrigation and industrial purposes. 

STUDY AREA 

The study area covers around 433 sq.km lying between north latitudes 16
0 

23
'
, 16

0
36

'
, and 

east longitudes 79
0
21

'
, 79

0
33

'
 and falls in survey of India Toposheet Nos. 56 P/6, 56 P/7, 56 P/10 

and 56 P/11 (Fig 1).  It has an average elevation of 136 m above mean sea level.  The average 

rainfall received in the study area is 587 mm.  The rain is experienced mostly by the south-west 

monsoons and retreating monsoons.  September month experiences maximum rainfall of the year 

on an average there are 47 rainy days in a year.   

GEOLOGY AND GEOMORPHOLOGY OF THE STUDY AREA 

The study area is a part of Proterozoic sediments formed in the Cuddapah basin.  The 

sedimentary fill is largely Arenaceous and Argillaceous with subordinate    Calcareous and 

Dolomite components. It comprises Archean basement and Kurnool group of rocks. The Granite, 

granite-gneisses and green schist forming the basement constitute the pediplain country north of 

the Kurnool group and south east of Nallamalai group.  Granite-gneisses are light grey, coarse-

grained.  The granites are considered either as intrusive into the Nallamali group rocks or as the 

reactivated basement pediplains. The Palnad sub basin occupies parts of Guntur, Krishna and 

Nalgonda districts of Andhra Pradesh extending for about 100 km and forms north eastern 

portion of crescent shaped Cuddapah basin [7].  The Krishna River flows in an easterly direction 

in the northern half of the sub-basin. (Fig: 2). 
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Geomorphology is the study of forms and process of landforms, which are the products 

of various exogenesis and endogenetic forces. Landforms play vital role in land resource 

mapping, terrain evaluation and soil classification in addition to ground water studies. The 

ground water conditions vary from terrain to terrain. For the present study IRS P6 LISS-III 

path/row 101/61 February, 2006 and July, 2006 merged satellite imagery and SOI Toposheets 1: 

50,000 scale have been used to map various geomorphic features (Fig 3). Based on the 

interpretation of the satellite imagery and Survey Of India Toposheet the following hydro-

geomorphic units have been delineated.  

Moderately Dissected Plateau is associated with shallow valleys / gullies with gently 

sloping land developed due to stream erosion. These formations are generally located between 

weathered valleys and highly dissected plateaus in the area. Fractures / lineaments are the 

significant structural features identified in the area. The ground water prospects in this unit are 

poor. 

Pediplain Moderately weathered (PPM) is almost flat to gently undulating plain formed 

by the coalescence of several pediments with varying thickness from 10-20 m of weathered 

material. It is light red to dark red with medium coarse texture. Aquifer material is weathered and 

fractured rock. Weathering is not uniform. Success rate and recharge rate are good. Suggested 

depth range of wells is 25 to 40 m with an expected yield of 200 to 250 lpm. 

Pediplain Shallow weathered (PPS) is a gently sloping surface of weathered Pediplain. 

The landscape unit is defined by its characteristic white to yellowish to light red tone, medium to 

coarse texture with irregular shape on the satellite image.  Aquifer material is fractured, 

weathered and fissured rock. The thickness of the weathered material is 0-5 m.  Recharge is 

moderate. In general the water quality is good for drinking and irrigation purpose. The ground 

water prospects are moderate to good with an expected yield of wells between 150 to 200 lpm. 

Good yields are expected along the fractures and lineaments and close to their intersections. 

Suggested well depth range is 35 to 50 m. 

The various lithological units in the study area are traversed by lineaments (Fig.4 and 5) 

occurring as vertical to sub vertical and horizontal to sub horizontal deep seated fractures. The 

fractures in the study area are generally associated with topographical depressions and 

controlling drainage network. These fractures play a vital role in the development of 

groundwater in the study area. 

 

MATERIAL AND METHODS 

Pre-cleaned High density Polyethylene (HDPE) bottles were used to collect 30 ground 

water samples from the bore wells distributed throughout the area of Macherla and numbered 

sequentially (Table 1).  The bottles were rinsed with the same water which is to be taken as 

sample to avoid possible cross contamination and every other precautionary measure was taken 

for the best result.  The water samples were then analyzed for major ion chemistry employing 

standard methods [8]. 

The pH and conductivity were measured with respective meters. Total hardness as 

CaCO3 and (Ca
+2

) were analyzed titrimetrically using standard EDTA. (Mg
+2

) was computed 
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taking the reference between TH and (Ca
+2

) values.  Carbonate (CaCO3
-2

) and Bicarbonate 

(HCO3
-
) were estimated by titrating with standard H2SO4.  Chloride (Cl

-
) was estimated by 

standard AgNO3. Sodium (Na
+
) and Potassium (K

+
) were measured by Flame Photometer. 

Sulphates (SO4
-2

) were measured by Spectrophotometry. Nitrate (NO3
-
) and Fluoride (F

-
) were 

analyzed using a Ion-Slecetive Electrodes. Total Dissolved Solids (TDS) calculated from 

Electrical Conductivity (EC) using an empirical equation. All the parameters are expressed in 

mg/l except for pH and EC. EC is expressed in micro Siemens /cm. 

RESULTS AND DISCUSSIONS 

Suitability for drinking purpose:  

The quality of ground water determines its suitability for different purposes depending 

upon the specific standards. The drinking water standards of [9] was the basis for the ground 

water quality evaluation for drinking purpose.  The pH values in the area varied from 7.56 

(Sample no.7) to 8.75 (Sample no. 24) with an average of 8.08. pH of 93% samples are within 

the permissible limiting values of 6.5 - 8.5. There are no abnormal trends found in distribution 

patterns. Temperature variations in the area ranges from 22.5
0
C – 28.5

0
C,  where  no systematic 

trend is observed spatially. This variation of temperature may be due to depth from which water 

is drawn.  EC of the water samples ranges from 730 - 2920µS/cm with a mean value of 

1484µS/cm. 50% of samples collected show EC values more than permissible limit as per [9] 

standards. Higher EC of water samples is mainly attributed to ion exchange, evaporation, rock 

water interaction, sulphate reduction and oxidation processes and anthropogenic activities like 

application of agrochemicals. Total hardness (TH) as CaCO3 of ground water ranges from 222 

mg/L (Sample no.4) to 1003mg/L (Sample no. 6) with an average value of 488 mg/L which are 

within permissible levels as per [9] standards. TDS values ranges from 467-1870 mg/L with an 

average value of 949 mg/L. The TDS of the study area falls within the [9] standards of 1000 

mg/L. 

The chemical parameters analyzed were the major cations and anions. Major cations 

include Mg
2+

, Ca
2+

, K
+
, Na

+
. The major anions include SO 4

2-
, NO3

-
, F

-
, Cl

-
, CO3

2-
, HCO3

-
. Their 

concentrations vary from one settlement to the other depending on the local geology of the area 

and other human related factors. The dominance of major ions is as Ca
2+ 

> Na
+
>Mg

2+
>K

+ 
and Cl

- 

>HCO
3-

> SO4
-2

>NO3>CO3
-2

>F
-
. Concentrations of calcium in the study area range from 44-316 

mg/l with a mean value of 134 mg/L. About 13% of samples exceed the desirable limits of [9] 

The major source of the Ca
2+

 is due to the ion exchange of minerals from rocks of this area. It 

may also be due to the presence of CaCO3 and CaSO4 in the soil due to the evaporation of soil 

water. High concentrations of calcium impair the quality of ground water that may cause kidney 

or bladder stone formations and irritation in urinary passage in human beings. Concentrations of 

magnesium found in the ground water samples ranges from 12-78mg/L with a mean of 37mg/L. 

which is within desirable limits of 50mg/L. K
+
 values in ground water ranges from 4-58mg/L 

with a mean of 23mg/L. It is clearly evident that potassium distribution in the study area is 

within the desirable limits of 55mg/L as per [9] Na
+
 concentrations in ground water ranges from 

23-229 mg/L with a mean sodium concentration of 95mg/L which is also within permissible 

limits of 200 mg/L as per [9] 
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Chloride (Cl
-
) in the study area of Macherla ranges from 85-515mg/L with a mean of 

214mg/L. In certain water samples (about 39%) chloride exceeds permissible limits which may 

be due to pollution sources such as domestic effluents, fertilizers and septic tanks. Sulphate (SO4
-

2
) concentrations ranges from 105-589mg/L with a mean of 207mg/L except 10% of the samples 

all other samples are within the permissible limit as prescribed by [9] Nitrates(NO3
-
) 

concentration in ranges from 7-94mg/L with an average mean value of 37mg/L. 10 out of 30 

samples were found to have nitrate content above desired limit of 50mg/L set by [9] High levels 

are observed as a result of leaching or runoff from agricultural lands or due to human and animal 

waste contributions. Fluoride (F
-
) concentrations varied from 0.17-2mg/L with a mean average of 

0.68mg/L where most of the samples fall within the permissible limit.  Bi Carbonate 

concentration in this area ranged from 74mg/L (Sample no 17) to highest of 416mg/L (Sample 

no 16) with an mean of 209mg/L which is within the permissible limits. 

The results are summarized in (Table:2). As per the [9] the ground water samples are 

congenial for drinking purpose except for few samples which can be treated using standard 

methods. 

CLASSIFICATION OF GROUND WATER 

Major cations Mg
2+

, Ca
+2 

 K
+
, Na

+
 and anions SO 4

2-
, NO3

-
, F

-
, Cl

-
, CO3

2-
, HCO3

-
 (in 

meq/l) were plotted in Piper Trilinear diagram [10] to evaluate the hydrochemistry of ground 

water of Macherla.(Fig:6) (Table:3) 

Based on Piper Trilinear diagram, groundwater of study area is classified into different 

types according to the percentage of chemical constituents present in it. 97 % of the groundwater 

samples are falling in subdivision 1 of diamond shaped field, which is characterized as alkaline 

earths (Ca
2+

 + Mg
2+

) that exceeds alkalis (Na
+
 + K

+
), 3% of ground water samples fall in the area 

of sub-division 2 characterized as Alkalis exceeds alkaline earths, 100% of the ground water 

samples fall in subdivision 4 characterized by strong acids exceed weak acids. 57% of ground 

water samples fall in 6 subdivision characterized by non-carbonate hardness, (secondary 

salinity). 3% of samples fall in subdivision 7 characterized by non carbonate alkali (primary 

salinity). 40% of ground water samples fall in subdivision 9 characterized by No one cation-

anion exceeds 50%. 

To clearly understand the agriculture/industries effects on groundwater chemistry, (Fig.3) 

was plotted grouping samples collected from domestic wells, agricultural sites and industrial 

places. All the groups show wide variation in their chemical types and distributed randomly in 

diamond field. This is possible if the sources are scattered and there is interconnection between 

these groups of wells. The surface water bodies present in the study area also play a vital role in 

transporting the chemical constituents from source to distant reaches of the study area, nullifying 

the identity of a single source. 

ION BALANCE 

According to the principle of Electro-neutrality [EN] water samples ought to yield an 

ionic balance close to zero, this can be expressed as follows: 
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Where sum cations =   (Na
+ 

+ K
+   

+ Mg
++  

 + Ca
++

) - major cation concentration (in 

meq/L) and Sum anions =  (SO4
-
 + HCO3

-
 + Cl

- 
+ NO3

-
) - major anion concentration (in meq 

/L) 

Samples having percent electro-neutrality or ion balance less than 5% were utilized in the 

data analysis, conforming to the accepted range [11] This ion balance is also used to check the 

reliability of chemical measurements [12] [13] [14]. (Fig.7)  shows the relationship between sum 

of cation species and anionic species, it can be understood from the figure that a good positive 

correlation (R = 0.98) is seen between cation and anion pairs. The ion balance is found to be 

between -5.1% to +7.5% but most of the samples fall between allowed limits of ±5%. The 

frequency distribution of the ion balance in water samples. Most of the samples fall between, -

2.5 % and +2.5%. This shows that the analytical data is reliable and meaning interpretation can 

be drawn to understand the water chemistry and geochemical and hydro-chemical processes 

occurring in the subsurface. 

Ion-Exchange Processes 

In most of the aquifers alkali and alkaline earth ions concentrations are influenced by ion 

exchange process. Two indices to base exchange (IBE) were proposed by [15] to evaluate the 

exchange of Na
+
 and K

+
  in water with Ca

2+
 and Mg

2+
 in rock/alluvium and vis a versa as below; 

CAI 1(in epm) = [Cl – (Na+K) / Cl] 

CAI 2 (in epm)= [Cl – (Na+K)] / (SO4 +HCO3+CO3+NO3) 

Both the above indices are positive when Na
+
 and K

+
 in groundwater exchange with Ca

2+
 

and Mg
2+

 in rock/alluvium and negative in reverse exchange. Groundwater with a base-exchange 

reaction in which the alkaline earths have been exchanged for sodium ions [HCO3
- 

> (Ca
++

 

+Mg
++

)] is base-exchange softened water and those groundwater aquifers in which sodium and 

potassium ions have been exchanged for the alkaline earths [(Ca
2+

 + Mg
2+

) > HCO3
-
] is base-

exchange hardened water [16]. 

The values of the Schoeller index in all the samples (Table 4) are positive and alkaline 

earths have higher concentrations than bicarbonate, indicating exchange of sodium ions for 

alkaline earths; thus, the water is base-exchange hardened water. 

 

Calcite and Fluorite Saturation:  

The dissolution and precipitation processes of calcite and fluorite minerals were verified 

using saturation indices. Saturation indices for calcite and fluorite were determined in order to 

investigate the thermodynamic controls on the composition of the water and also to calculate 

approximately the levels to which the groundwater has equilibrated with these minerals within 

the rock matrix. Saturation index (SI) of groundwater for a particular mineral can calculated as  

 

 
 

100.,%. x
anionsSumcationsSum

anionsSumcationsSum
NE








International journal of advanced scientific and technical research               Issue 4 volume 1, January-February 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 319 
 

                                                      spK

IAP
SI log  

Where IAP is the ion activity product and Ksp is the mineral solubility product for the 

chemical involved at the sample temperature. Saturation indices of minerals are very useful for 

evaluating the extent to which water chemistry is controlled by equilibrium with solid phases 

[17] When the SI is below 0, the water is under saturated with respect to the mineral in question. 

An SI of 0 means water is in equilibrium with the mineral, whereas an SI greater than 0 means a 

supersaturated solution with respect to the mineral in question. 

Saturation indices for calcite and fluorite were calculated using NETPATH program [18] and 

given in ( Table 5). . 

Characteristic ionic ratios 

Many researchers [12], [19] used ionic ratios of major cations and anions to identify the 

contribution of weathering process to the groundwater chemistry and also to verify the ion 

exchange processes. In the present study, a few ionic ratios were like Na+K-Cl / Na+K+Ca-Cl, 

Na / Na+Cl, Mg/Mg+Ca, Ca / Ca+SO4, Mg+Ca / SO4, Cl / ∑ anions, HCO3 / ∑ anions were 

has been computed based on equivalent parts per million (epm) and used to verify the 

geochemical processes. The ionic ratios are given in( Table 5).   

Na+K-Cl / Na+K+Ca-Cl  ratio between 0.2 to 0.8 indicates plagioclase weathering is 

likely and converse if the values fall out of this range. Samples nos. 4, 5, 21, 26 shows this ratio 

is between 0.2 to 0.8 indicating possibility of plagioclase weathering contributing to 

groundwater. In all other samples this ratio indicates that plagioclase weathering unlikely. 

Na / Na+Cl  ratio 0.5 indicates halite dissolution as the source of Na and Cl in 

groundwaters where as > 0.5 indicates sources of sodium other than halite and < 0.5 indicates 

reverse ion exchange. Samples nos. 4, 5, 21, 26, 30 shows this ratio > 0.5 indicating sodium 

source other than halite, may be ion exchange or albite weathering. Sample no. 24 shows this 

ratio equal to 0.5 indicating halite dissolution and all other samples indicate reverse softening or 

reverse ion exchange. 

Mg/Mg+Ca ratio equal to 0.5 indicates dolomite or calcite weathering and > 0.5 indicates 

calcite precipitation or dolomite dissolution. Sample nos. 5, 7, 11, 21, 31 shows values < 0.5 

indicating calcite precipitation and all other samples indicate calcite weathering 

Ca / Ca+SO4 ratio more than 0.5 indicates other calcium sources like carbonates or 

silicates, equal to 0.5 shows dissolution of gypsum and less than 0.5 indicates ion exchange. 

Sample nos. 5, 7, 21, 26, 30 indicates gypsum as the source for calcium and sulphate whereas 

other samples show higher ratios (>0.5) indicating calcium sources other than gypsum. 

Mg+Ca / SO4 ratio < 0.8 indicates dedolomitisation. All the samples shows a value > 0.8  

indicating dedolomitisation unlikely. 

Cl / ∑ anions ratio > 0.8 indicates sea source and > 0.8 indicates rock weathering. All the 

samples show values <0.8 indicates contribution of rock weathering to groundwater chemistry. 



International journal of advanced scientific and technical research               Issue 4 volume 1, January-February 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 320 
 

HCO3 / ∑ anions ratio < 0.8 indicates gypsum contribution and > 0.8 indicates carbonate 

contribution. All the samples show values less than 0.8 indicates gypsum weathering possible. 

Suitability for Agricultural purpose 

The suitability of ground water for agricultural or irrigation purposes depend upon the 

effects of mineral constituents of water on both plants and animals. Water quality criteria can be 

used as guidelines by the farmers for selecting appropriate management practice, if the quality of 

water would pose any problem to maintain soil productivity with the benefit of high crop field 

irrigation. The general methods which were employed to assess the irrigation water quality are 

SAR, USSL Method, EC, Na%, RSC and TDS. 

ALAKALINITY HAZARD (SAR) 

SAR is an important parameter for determining the suitability of ground water because it 

is a measure of alkali/ sodium hazard to crops. SAR is calculated by the following formula 

 

2

22 






MgCa

Na
SAR

 

The calculated value of SAR is this area ranged from 0.5-6.4meq/l where all samples fall in the 

low sodium class. 

U.S SALINITY LABORATORY METHOD (USSL) 

This method is based on SAR. The analytical data plot on U.S salinity diagram(Fig: 8) 

shows that 93% of the ground water samples fall in the field of C3S1 indicating high salinity and 

low sodium waters which are well suitable for all types of soils with a little danger of 

exchangeable sodium. 

SALINITY HAZARD (EC) 

Electrical Conductivity (EC) is a good measurement of salinity hazard to crop as it 

reflects the TDS in ground water. The primary effect of high EC reduces the osmotic activity of 

plants and thus interferes with absorption of water and nutrients from the soil. 80% of water 

samples found suitable with respective EC for irrigation purpose. The ground water in the study 

area is ranging between good to permissible for irrigation purpose except for 4 locations (Sample 

No: 6,9,16 and 19. (Table:6) (Fig 9). 

SODIUM PERCENTAGE (Na %) 

Sodium percentage values reflected that the water was under the category of good (20-40 

Na%) , permissible (40-60 Na%) and doubtful (60-80 Na %) class [20] The sodium Percentage is 

calculated as follows: 
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KNaMgCa

KNa
Na

22

100)(
%

 

The values of sodium percent are varying from 15% to 70.4%. Most of the sampling 

stations fall under the good category while 6 samples under permissible category and only 1 

sample under doubtful category.. When the concentration of sodium ion is high in irrigation 

water, Na+ tends to be absorbed by clay particles, displacing magnesium and calcium ions. This 

exchange process of sodium in water for Ca++ and Mg++ in soil reduces the permeability and 

eventually results in soil with poor internal drainage. 

RESIDUAL SODIUM CARBONATE (RSC) 

In water having high concentrations of bicarbonates there is a tendency for Ca
+
 and Mg

+ 

to precipitate as carbonates. To qualify this effect an experimental parameter termed as residual 

sodium carbonate was used. RSC is calculated as follows: 

RSC + (HCO3
-
 + CO3

-2
) – (Ca

2+
 + Mg

2+
) 

All the samples fall in good category with RSC>1.25 except for 1 sample which falls under 

doubtful category. 

TOTAL DISSOLVED SOLIDS (TDS) 

Salts of calcium, magnesium, sodium, potassium present in the irrigation water may 

prove to be injurious to plants. When present in excessive quantities, they reduce the osmotic 

activities of the plants and may prevent adequate aeration. Accordingly, all the sampling stations 

considered suitable for irrigation uses. Classification of ground waters for irrigation purposes is 

as follows (Table:7) 

Suitability for industrial purposes 

The quality requirements for industrial water supplies range widely and almost every 

industrial unit has its own standards.  Water used by industries can be classified as cooling, 

boiler and process waters. Industries frequently suffer from incrustation and corrosion, which are 

chemical reactions caused by poor waters and has adverse effects on processing, steaming and 

cooling. In the present study, the following water quality criteria have been adopted [21] for 

defining the incrusting and corrosive properties of waters. 

Based on the given (Table:8) it can be observed that TH and SO4 are high in the ground 

water samples compared to industrial standards which can cause incrustation. pH, TDS and Cl 

are according to the industrial standards except for TDS where 40% of samples exceed the limits 

causing corrosion.  

CONCLUSION 

 The ground water quality of Macherla area, Andhra Pradesh of India was assessed for 

the suitability of ground water for drinking, irrigation and industrial purposes. The groundwater 

nature is explained by Piper trilinear diagram which indicates that most of the groundwater 
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samples fall in Ca-Mg-Cl-SO4 facies. Chloro alkaline indices indicate that positive ion exchange 

is a dominant process in the study area.  Calcite precipitation is feasible as SICaCO3 is positive and 

SICaF2 is negative in all the ground water samples indicating unsaturation with respect to fluorite.  

The physical parameters fall within permissible limits as per WHO (2006) except for EC in few 

samples. Major cations and anions are also present in desirable limits except for calcium (Ca
2+

), 

Chloride (Cl-) and Nitrate (NO3
-
) due to anthropogenic activities and geological characteristics. 

The suitability of ground water for irrigation was evaluated based on SAR, Sodium Percentage, 

RSC, EC and TDS. Most of the samples of ground water in macherla area are suitable for 

irrigation purposes. The values of EC and SAR were plotted on U.S salinity diagram indicating 

high salinity and low sodium hazard. According to Wilcox diagram 3.3% of samples fall in the 

field of excellent to good, 80% of samples fall in the field of good to permissible  3.3 % fall in 

the field of permisible to doubtful and 13.4% fall in the field of doubtful to unsuitable for 

irrigation. The TH, SO4 and TDS values (40% samples)were noted to be high indicating the 

quality of  water if used causes incrustation and corrosion of pipes. Overall the ground water 

qualities of the study area of macherla are found to be suitable for drinking, irrigation and 

industrial purposes except in few areas. 
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Fig . 1 Location map of the study area . 
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Fig .2 Geology of the study area. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Geomorphology  of the study area. 

 

 

 

 

 

 

 

 

 

 

 

 



International journal of advanced scientific and technical research               Issue 4 volume 1, January-February 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 324 
 

Fig 4 Drinage map of the study area 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.  Lineaments map of the study area 
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Fig.6. Piper Trilinear diagram 
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Fig 7 Relationship between cation and anionic species. 

 

Fig 8. USSL Classification for irrigation waters. 

 

 

 

 

 

 

 

Fig. 9   Diagram for classification of Irrigation Waters (Willcox, 1955) 
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Table: 1 Results of Hydro-chemical analysis of water samples from bore-wells of the study 

area (Macherla). 

 
 (Values are in PPM ,except TDS and EC) 

Sample  

ID 
Longitude Latitude pH EC  TDS TH Ca Mg Na K CO3 HCO3 Cl SO4 NO3 F %Na SAR RSC 

1 79.70 16.71 8.05 1160 740 510 120 51 37 7 2.3 154 153 192 14.1 0.58 14.93 0.72 -7.65 

2 79.63 16.68 8.10 1060 676 370 102 28 52 10 2.8 181 142 148 7.4 0.51 25.30 1.17 -4.37 

3 79.66 16.71 8.40 1010 644 337 115 12 58 12 3.4 168 114 144 20.1 0.69 29.54 1.37 -3.89 

4 79.63 16.69 8.25 898 575 222 64 15 86 18 3.1 174 92 105 32.2 0.65 48.56 2.51 -1.49 

5 79.61 16.63 8.09 1070 685 265 44 38 106 21 3.1 201 156 105 15.1 1.47 49.09 2.82 -1.93 

6 79.57 16.53 7.83 2920 1870 1003 316 52 168 30 3.1 262 515 451 93.5 0.6 28.62 2.30 -15.74 

7 79.74 16.64 7.56 730 467 278 52 36 35 7 0.6 81 107 125 13.1 0.81 23.35 0.91 -4.26 

8 79.47 16.58 7.74 1870 1199 572 186 26 120 32 2.4 228 302 273 31.4 0.53 34.49 2.18 -7.65 

9 79.47 16.59 7.66 2690 1718 912 268 59 162 28 1.6 168 362 589 77.1 0.29 29.76 2.33 -15.51 

10 79.58 16.64 7.78 1110 708 460 96 53 46 6 1.3 114 241 120 23.2 0.9 18.91 0.93 -7.34 

11 79.67 16.57 7.84 1560 998 598 111 78 65 11 3.3 277 212 187 54.0 0.54 20.62 1.16 -7.39 

12 79.52 16.55 7.75 957 612 406 105 35 23 8 1.1 101 110 187 37.0 0.49 12.67 0.48 -6.48 

13 79.55 16.51 7.90 1040 663 404 94 41 62 16 1.0 81 220 105 34.8 0.57 27.68 1.34 -6.76 

14 79.63 16.45 8.43 931 596 361 82 38 28 6 4.4 215 85 125 15.2 0.34 15.77 0.64 -3.60 

15 79.41 16.55 8.01 1680 1072 728 186 64 78 16 2.5 174 312 240 52.2 0.92 20.62 1.25 -11.69 

16 79.50 16.63 7.80 2220 1420 612 176 42 156 53 4.8 416 348 163 81.9 0.97 39.83 2.74 -5.32 

17 79.62 16.69 8.25 988 632 445 132 28 25 4 1.3 74 128 192 24.5 0.63 11.75 0.51 -7.68 

18 79.45 16.65 8.06 1250 802 482 160 20 64 12 2.9 191 142 192 14.7 0.42 24.22 1.27 -6.43 

19 79.49 16.72 8.22 2210 1411 768 248 36 143 42 2.8 161 330 466 9.2 0.7 32.14 2.24 -12.67 

20 79.57 16.56 8.32 1660 1059 565 180 28 68 13 4.7 248 174 297 46.8 1.07 22.50 1.24 -7.11 

21 79.68 16.50 8.46 1340 860 330 54 47 121 35 6.0 289 163 130 39.1 0.22 48.16 2.90 -1.72 

22 79.49 16.74 7.73 1460 932 470 124 39 87 20 3.1 302 227 130 19.9 0.38 31.25 1.74 -4.40 

23 79.51 16.55 8.56 1740 1110 422 126 26 145 48 7.4 330 291 134 55.3 1.11 47.09 3.06 -2.81 

24 79.49 16.55 8.75 1480 949 378 112 24 148 42 6.4 255 227 134 37.9 2 49.71 3.30 -3.21 

25 79.44 16.64 8.24 1990 1271 531 160 32 172 52 5.1 289 305 245 57.1 0.17 45.24 3.24 -5.77 

26 79.44 16.69 8.23 1580 1014 240 70 16 229 58 6.8 389 128 168 14.1 0.57 70.37 6.41 1.79 

27 79.47 16.55 8.36 1070 687 353 105 22 64 16 3.0 154 149 153 18.0 0.63 31.07 1.48 -4.45 

28 79.49 16.55 8.12 1750 1120 653 202 36 86 24 3.0 188 249 327 21.7 0.59 24.95 1.46 -9.92 

29 79.51 16.62 8.13 1810 1157 540 158 35 136 29 4.1 255 291 173 64.2 0.56 38.05 2.54 -6.52 

30 79.56 16.57 7.90 1290 824 425 84 52 87 27 1.9 148 132 202 84.6 0.54 34.44 1.84 -6.07 

Table: 2 Comparisionof Physico-chemical parameters of ground water samples with WHO 

(2006) standards 

Parameter Range Mean WHO(2006) 

pH 7.56-8.75 8.08 6.5 – 8.5 

Conductivity(ds/m) 730-2920 1484 1400 

Sodium(mg/l) 22.5-228.9 95.3 200 

Potassium(mg/l) 4.0-58.0 23.5 55 

Calcium(mg/l) 44 -316 134 75 

Magnesium(mg/l) 12-78 37 50 

Chloride(mg/l) 85.2 – 514.8 213.6 250 

Fluoride(mg/l) 0.2-2 0.7 1.5 

Sulphate(mg/l) 105.0 - 589 206.7 400 

Bicarbonate(mg/l) 73.8 – 1416 208.9 1000 

Nitrate(mg/l) 7.4 – 93.5 37.0 50 

TDS(mg/l) 467 - 2870 949 1000 

Total hardness(mg/l) 221.6 – 1003.2 487.9 500 
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Table 3. Characterization of groundwater on the basis of Piper’s Trilinear diagram (after Piper, 1953) 

       
Sub-divisions 

Characterization of corresponding                                 sub-divisions of diamond 

shaped fields 

 

  
No.of Diamond %Samples 

shaped fields 

 1 Alkaline earths (Ca+Mg) exceeds alkalies 97 

 

(Na+k) 

     
2 Alkalies exceeds alkaline earths 

 

3 

3 Weak acids (CO3+HCO3) exceeds strong Nil 

 

acids (SO4+Cl+F) 

   
4 Strong acids exceeds weak acids 

 

100% 

5 Carbonate hard ness (secondary alkalinity) 

 

 

exceeds 50% i.e. chemical properties of the Nil 

 

groundwater are dominated by alkaline earths 

 

 

and weak acids. 

    6 Non-Carbonate hard ness (secondary salinity) 

 

 

exceeds 50%i.e.chemical properties of the 57 

 

groundwater are dominated by alkalies and 

 

 

strong acids. 

    7 Non-Carbonate alkali (primary salinity) 

 

 

exceeds 50% i.e. chemical prospecting of the 3 

 

groundwater are dominated by alkalies and 

 

 

weak acids. 

    8 Carbonate alkali (primary alkalinity) exceeds 

 

 

50% i.e. chemical properties are dominated by Nil 

 

alkalies and weak acids 

   
9 No one cat ion-anion exceeds 50% 40 
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Table 4.Aquachem output, saturation indices of Chemical data of groundwater 

 

 

 

Sample 

No. 

CAT eqts An equts Ion Balance water type SI CaCO3 SI CaF2 

1 1.97 11.17 3.5 Ca-Mg-Cl-SO4 0.74 -1.54 
2 9.9 10.3 -1.9 Ca-Mg-Cl-SO4 0.81 -1.41 

3 9.5 9.4 0.7 Ca-Na-Cl-SO4 1.11 -1.2 

4 8.6 8.3 1.9 Na-Ca-Cl-SO4 0.77 -1.48 
5 10.44 10.3 0.6 Na-Mg-Cl-HCO3 0.49 -0.98 

6 28.1 29.8 -3 Ca-Na-Cl-SO4 1.04 1.03 

7 7.3 7.2 0.5 Mg-Ca-Cl-SO4 -0.32 -1.39 
8 17.5 18.6 -3 Ca-Na-Cl-SO4 0.74 -1.33 

9 26 26.5 -1 Ca-Na-SO4-Cl 0.6 -1.81 

10 11.3 11.6 -1.3 Ca-Mg-Cl-SO4 0.27 -1.1 

11 15.1 15.4 -1.1 Mg-Ca-Cl-HCO3 0.72 -1.56 

12 9.3 9.3 0 Ca-Mg-SO4-Cl 0.23 -1.57 

13 11.17 10.34 3.9 Ca-Mg-Cl-SO4 0.24 -1.48 
14 8.6 8.9 -2 Ca-Mg-HCO3-SO4 1.11 -1.99 

15 18.3 17.6 2 Ca-Mg-Cl-SO4 0.89 -0.89 

16 20.4 21.6 -2.8 Ca-Na-Cl-HCO3 1.03 -0.85 
17 10.1 9.3 4.1 Ca-Mg-SO4-Cl 0.67 -1.25 

18 12.7 11.5 5.1 Na-Ca-Cl-SO4 0.96 -1.54 

19 22.6 21.9 1.6 Ca-Na-SO4-Cl 1.11 -1.03 
20 14.6 16.1 -5.1 Ca-SO4-Cl 1.32 1.32 

21 12.8 12.9 -0.4 Na-Mg-HCO3-Cl 1.06 -2.59 

22 13.7 14.5 -2.9 Ca-Na-Cl-HCO3 0.72 -1.77 
23 16 17.6 -4.9 Na-Ca-Cl-HCO3 1.53 -0.84 

24 15.1 14.3 2.6 Na-Ca-Cl-HCO3 1.55 -0.36 

25 19.43 19.54 -0.3 Ca-Na-Cl-SO4 1.25 -2.39 
26 16.2 13.9 7.5 Na-Ca-HCO3-Cl 1.06 -1.65 

27 10.2 10.3 -0.5 Ca-Na-Cl-SO4 0.99 -1.34 
28 17.4 17.4 0 Ca-Na-Cl-SO4 1.05 -1.22 

29 17.44 17.2 0.7 Ca-Na-Cl-HCO3 1.11 -1.34 

30 12.98 11.8 4.7 Ca-Na-Cl-SO4 0.42 -1.63 

 
 

Table 5. Characterstic ionic ratios and  cation exchange  indices  of Chemical data of groundwater 

 
Sample 

No. 

Na++K+-Cl- 

/Na++K++Ca2+-Cl- 
Na+/Na++Cl- Mg2+/Ca2++Mg2+ Ca2+/Ca2++SO4

2- Ca2++Mg2+/SO4
2- 

Cl-/        ∑ 

anions 

HCO3
 -/              

∑  anions 
CAI 1 

CAI 

2 

1 -0.72 0.27 0.41 0.60 2.55 0.39 0.21 3.88 4.04 

2 -0.41 0.36 0.31 0.62 2.40 0.39 0.25 3.37 3.60 
3 -0.07 0.44 0.15 0.66 2.25 0.34 0.24 2.32 2.74 

4 0.33 0.59 0.28 0.59 2.03 0.31 0.24 0.98 1.86 

5 0.25 0.51 0.58 0.50 2.42 0.43 0.22 3.23 3.52 
6 -0.69 0.33 0.21 0.63 2.14 0.49 0.12 13.94 13.97 

7 -1.00 0.34 0.53 0.50 2.14 0.42 0.18 2.43 2.59 

8 -0.36 0.38 0.19 0.62 2.01 0.46 0.16 7.79 7.90 
9 -0.22 0.41 0.27 0.52 1.49 0.38 0.09 9.44 9.72 

10 -31.43 0.23 0.48 0.66 3.68 0.58 -0.10 6.48 6.35 

11 -1.06 0.32 0.54 0.59 3.07 0.39 0.28 5.45 5.64 
12 -0.58 0.24 0.35 0.57 2.09 0.33 0.18 2.72 2.91 

13 -1.94 0.30 0.42 0.68 3.69 0.60 0.13 5.70 5.44 

14 -0.34 0.34 0.43 0.61 2.77 0.27 0.37 1.83 2.19 
15 -1.17 0.28 0.36 0.65 2.91 0.50 0.15 8.37 8.37 

16 -0.24 0.41 0.28 0.72 3.61 0.46 0.26 8.97 9.10 

17 -0.58 0.23 0.26 0.62 2.23 0.39 0.13 3.27 3.39 
18 -0.13 0.41 0.17 0.67 2.41 0.35 0.23 3.23 3.59 

19 -0.19 0.40 0.19 0.56 1.58 0.42 0.10 8.52 8.72 

20 -0.22 0.38 0.20 0.59 1.83 0.30 0.23 4.23 4.61 
21 0.37 0.53 0.59 0.50 2.44 0.36 0.27 3.26 3.85 

22 -0.52 0.37 0.34 0.70 3.47 0.44 0.29 5.73 5.87 

23 -0.12 0.43 0.25 0.69 3.02 0.47 0.24 7.28 7.39 



International journal of advanced scientific and technical research               Issue 4 volume 1, January-February 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 330 
 

 

TABLE: 6 Classification of ground water for irrigation purposes after Wilcox (1955) 

 

 

 

 

 

 

Table 7. Classification of Groundwater on the basis of SAR, EC, Na% ,RSC and TDS 

 

Parameters 

 

Range 

 

Water Class 

 

Total Samples 
 
 

SAR 

 
 

10 

 
 

Excellent 

 
 

All 

 18 Good Nil 

18-26 Doubtful Nil 

26 Unsuitable Nil 

EC 50 Excellent Nil 

250-750 Good Only 1 Sample 

750-2000 Permissible 25 

2000-3000 Doubtful 4 

3000 Unsuitable Nil 

Na% 20 Excellent 5 

20-40 Good 18 

40-60 Permissible 6 

60-80 Doubtful 1 

80 Unsuitable Nil 

RSC >1.25 Good 29 

1.25-2.50 Doubtful 1 

2.5 Unsuitable Nil 

TDS <1000 Fresh 18 

1000-3000 Slightly Saline 12 

24 0.16 0.50 0.26 0.67 2.71 0.45 0.21 5.23 5.44 
25 0.02 0.46 0.25 0.61 2.08 0.44 0.18 7.58 7.79 

26 0.69 0.73 0.27 0.50 1.37 0.26 0.26 0.42 2.49 

27 -0.24 0.40 0.26 0.62 2.21 0.41 0.20 3.44 3.68 
28 -0.36 0.35 0.23 0.60 1.92 0.40 0.15 6.38 6.58 

29 -0.25 0.42 0.27 0.69 3.00 0.48 0.19 7.39 7.46 

30 0.15 0.51 0.51 0.50 2.02 0.32 0.17 2.51 3.16 

Class No. of samples % of samples 

Excellent to good  1 3.3 

Good to permissible  24 80 

Permissible to doubtful  1 3.3 

Doubtful to unsuitable  4 13.4 

Unsuitable 0 0 
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3000-10,000 Moderately Saline Nil 

10,000-35,000 High saline Nil 

 

TABLE 8: CLASSIFICATION OF GROUNDWATERS FOR THE SUITABILITY IN 

INDUSTRIAL PURPOSES (SUBBARAO, ET, AL 2005) 
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