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ABSTRACT 
Assessment of groundwater quality has been carried out to determine dissolved ions in 
groundwater. Quality of groundwater in Maheswaram watershed of semi-arid region of South 
India is evaluated for suitability for drinking and irrigation purposes. The main lithological 
unit’s granite and basic dyes. 37 groundwater samples were collected from boreholes.  The 
quality assessment were made by analyzing pH, EC, TDS, Na+, K+, Ca2+, Mg2+, Cl-, HCO3

-, 
CO3

2-, SO4
2-, NO3

2-
. Based on these analyses parameters like Sodium Adsorption Ratio (SAR), 

Residual Sodium Carbonate (RSC), US salinity diagram and sodium percentage were calculated 
and found that majority of samples were found unsuitable for drinking and irrigation purposes. 
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INTRODUCTION 
Water is one of the valuable natural resources 
whose quality has vital concern for the human 
welfare.1 Groundwater is the main source of 
water that meets the agricultural, industrial and 
household requirements.2 The availability of 
groundwater depends upon the nature of rocks 
and their water bearing characteristics.3 Ground 
water is one of the most valuable natural 
resource, which supports human health, socio-
economic development and functioning of ecos 
ystems.4-5 Anthropogenic activities have exerted 
small to large scale changes on the hydrological 
cycle. Water quality plays an important role in 
promoting agricultural production and standard 
of human health. The over exploitation of 
groundwater has detrimentally affected ground 
water in terms of the quality and quantity.6  
This has prompted author to take study related to 
the quality variations in Maheshwaram area of 
Ranga Reddy district, 37 water samples were 
collected from hand pumps and bore wells in the 

vicinity of cultivated agricultural land, hand 
pumps in densely populated area in March 2014. 
In this paper, an attempt is made to evaluate the 
quality indices of groundwater to understand the 
geochemical relationships of water quality for the 
suitability of groundwater resources. In view of 
this, an extensive survey has been conducted in 
order to know the quality of water for domestic, 
irrigation and industrial use. 
Study area 
The study area covering about 240 sq. km falls 
in Ranga Reddy district of Telangana State. It 
is located 35 km from Hyderabad, India on 
Srisailam highway. Study area lies in between 
North Latitudes 17° 02'  to 17° 14' and East 
Longitudes 78° 18' to 78° 34' (Fig. 1) and falls 
in the Survey of India toposheet No. E44 M/8 
and E44 M/12. Grey granites occupy dominant 
portion of the study area. These rocks are 
composed of quartz, feldspar, biotite and 
hornblende (Fig. 2). The climate of the study 
area is generally hot. Average temperature in 
summer is 400C, in winter is 140C and rainfall 
is 638 mm (Fig. 3). *Author for correspondence 
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Fig. 1 :  Location map of study area  

 
Fig.  2 : Sampling points of study area 

 

Fig. 3 : Geological map of study area 
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MATERIAL AND METHODS 
In order to assess the groundwater quality, 37 
groundwater samples have been collected. The 
water samples collected in the field were 
analyzed for Electrical Conductivity (EC), pH, 
Total Dissolved Solids (TDS), Total Hardness 
(TH), major cations like calcium, magnesium, 
sodium, potassium and anions like bicarbonate, 
carbonate, chloride, nitrate and sulphate, trace 
element like fluoride in the laboratory using the 
standard methods given by the American Public 
Health Association7. Sampling was carried out 
using pre-cleaned polyethylene containers. The 
results were evaluated in accordance with the 
drinking water quality standards given by the 
World Health Organization8 and Bureau of 
Indian Standard.9 The pH was measured with 
Digital pH Meter (Model 802 Systronics) and EC 
was measured with Conductivity Meter (Model 
304 Systronics), sodium and potassium was 
measured with flame photometer (Model 
Systronics 130). Total Dissolved Solids were 
estimated  by  calculation  method. Sulphates and  

nitrates were measured with Spectronics 21 
(Model BAUSCH and LOMB), carbonate, 
bicarbonate, calcium, magnesium, total hardness, 
and chloride by titrimetric methods, fluoride 
concentration was measured with orion ion 
analyzer with fluoride ion selective electrode. 
The concentration of EC is expressed in 
microsiemens/cm at 25ºC and TDS, Na+, K+, 
Ca2+, Mg2+, Cl-, HCO3

-, CO3
2-, SO4

2-, NO3
2- and 

F- are expressed in mg/l. Location map of the 
water sample is shown in the (Fig. 2). 

RESULTS AND DISCUSSION 
The analytical results were compared with 
standard specification on basis of these 
parameters the suitability criteria for 
drinking and irrigation purposes were 
determined. Physical and chemical para 
meters including statistical measures such as 
minimum, maximum, mean are summarized 
in Table 1. Classification of groundwater on 
the basis of TDS, TH, EC, SAR, RSC is 
shown in Table 2.  

Table 1 : Statistical summary of the chemical composition of groundwater 

Parameter Minimum Maximum Mean 
Acceptable 

Limit(WHO,2004) 
(BIS, 2009) 

% of samples 
exceeding  the limit 

pH 6.70 8.60 7.27      6.5-8.5 3 
EC 260 1830 1115 1500 8 
TDS 166 1171 714 500 92 
CO3

2- 0 30 3 10 3 
HCO3

- 55 555 272 500 3 
Cl- 36 667 200 250 24 
TH 30 880 311 200 76 
Ca2+ 25 260 92 75 62 
Mg2+ 1 67 21 30 22 
Na+ 16 189 70 250 Nil 
K+ 1 147 6  10 3 
SO4

2- 16 100 39 200 Nil 
NO3

2- 3 70 25 45 24 
F- 0.28 2.10 0.85 1 32 

Drinking and irrigation water quality 
According to BIS (2009) and WHO (2004) 
standards. Total Dissolved Solids (TDS) by 
92%, Total Hardness by 76%, calcium by 
62%, carbonate by 3%, chloride by 24%, 
magnesium by 22%, potassium by 3%, nitrate  

by 24% and fluoride by 32% exceed the 
permissible limit drinking purposes. 
Total Dissolved Solids (TDS) and Total 
Hardness (TH) 
In natural water, dissolved solids consists 
mainly   of   inorganic salts such as carbonates,  



J. Environ. Res. Develop. 
Journal of Environmental Research And Development           Vol. 9 No. 03, January-March 2015 

526 
 

bicarbonates, chlorides, sulphates, phosphates 
and nitrates of calcium, magnesium, sodium, 
potassium, iron etc. and small amount of 
organic matter and dissolved gases. To 
ascertain the suitability of groundwater of 
domestic and irrigation purposes, it is essential 
to classify the groundwater depending upon 
their hydro chemical properties based on their 
TDS values10 which are presented. The TDS of 
the water samples ranges from 166 to 1171 
mg/L. According to the WHO and BIS 
specification, TDS up to 500 mg/L is desirable 
for drinking water. The study shows that 11% 
of the sample is below desirable limit of TDS 
which can be used for drinking without any 
risk, 81% of the samples belong to maximum 
permissible category and remaining 8% of 
samples are useful for irrigation and unfit for 
drinking, which is shown in Table 2. 
According to BIS specification TH up to 200 
mg/L. The hardness values range from 30 to 
880 mg/L. The classification of groundwater 
based on total hardness11 shows that 41% of 
the groundwater samples fall in the very hard 
water category, 51% hard category and 08 % 
of the groundwater samples fall in the soft 
category (Table 2).  
Electrical Conductivity (EC) 
Electrical conductivity is a good measure of 
salinity hazard to crops as it reflects the TDS 
in groundwater. The US salinity laboratory 
classified ground waters on the basis of 
electrical conductivity (Table 2). Based on this 
classification, 89% samples are belonging to 
the permissible category, 11% good category. 
As the electrical conductivity is temperature 
dependent, its variability in a given water 
sample depends on the concentration and types 
of inorganic ions present.12 
Salinity and indices such as, Sodium 
Absorption Ratio (SAR), sodium percentage 
(Na %) and Residual Sodium Carbonate (RSC) 
are important parameters for determining the 
suitability of groundwater for agricultural uses. 

Sodium Adsorption Ratio (SAR) 
The sodium or alkali hazard in the use of water 
for irrigation is expressed by determining the 
Sodium Adsorption Ratio (SAR). 

--------                    (1) 
Where all ionic concentrations are expressed 
in epm. 
Has classified groundwater quality on the 
basis of SAR values : up to 10 epm 
(Excellent), 10-18 epm (Good), 18-26 epm 
(Fair) and >26 epm (Poor) (Table 2). 
The SAR values range from 0.37 to 3.58 and 
according to the classification based13 on 
SAR values (Table 2), all of samples are 
belonging to the excellent category. SAR can 
indicate the degree to which irrigation water 
tends to enter into cation-exchange reactions 
in soil. The analytical data plotted on the US 
salinity diagram.12 Fig. 4 illustrates that 89% 
of the groundwater samples fall in the field 
of C3-S1, indicating high salinity and low 
sodium water, which can be used for 
irrigation on all types of soil without danger 
of exchangeable sodium.14-20 
Residual Sodium Carbonate (RSC) 
Residual sodium carbonate has been used to 
determine the hazardous effect of carbonate 
and bicarbonate on the quality of water for 
agricultural purpose and is determined by the 
formula.13 

RSC = (CO3 + HCO3 – (Ca + Mg)) 
Where all ionic concentrations are expressed 
in meq/L. 
The classification of irrigation water 
according to the RSC values (Table 2) is 
waters containing more than 2.5 meq/L of 
RSC are not suitable for irrigation. 
Groundwater of the study area is classified 
on the basis of RSC and is presented in 
(Table 2). The RSC values varied from -
11.00 to 3.00meq/L. It is observed that 35 % 
of groundwater of the samples are fall in the 
safe for irrigation and 41 % sample are in 
unsuitable for irrigation. This is clearly 
established by the field studies of the 
occurrence of alkaline white patches and of 
the low permeability of the soil. Hence, 
continued usage of high residual sodium 
carbonate waters affects and yields of crop. 
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Fig.  4 : Rating of groundwater samples in relation to salinity and sodium hazard 

Table 2.  Classification of groundwater for drinking, irrigation suitability and % of samples 
falling in various categories 

Category Ranges Percent of the samples 
Based on TDS(mg/L) 
Permissible for drinking  <500                  11 
Desirable for drinking 500–1,000 81 
Useful for irrigation 1,000–3,000 08 

Unfit for drinking and irrigation >3,000 00 

Based on Total Hardness (mg/L) 

Soft 75 08 

Moderately hard 75-150 00 
Hard 150-300 51 
Very hard 300 41 
Based on EC (μS/cm)   
Excellent <250 00 
Good 250-750 11 
Permissible 750-2250 89 
Doubtful 2,000–3,000 00 
Unsuitable >3,000 00 
Based on Alkalinity Hazard(SAR) (Richards 1954) 
Excellent <10 100 
Good 10-18 00 
Doubtful 18-26 00 
Unsuitable >26 00 
Residual Sodium Carbonates 
(Richards 1954) 

  

Safe for irrigation <1.25 35 
Moderate for irrigation 1.25-2.5 24 
Unsuitable for irrigation >2.5 41 
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CONCLUSION 
Hydrochemical study reveals that the 
groundwater in the study area is fresh, hard to 
very hard. The suitability of water for 
irrigation was assessed on the basis of SAR 
and shows that all of the groundwater in 
Maheshwaram area is classified as excellent 
for irrigation. The analytical data plotted on 
the US salinity diagram illustrates that 89% of 
the groundwater samples fall in the field of 
C3-S1, indicating high salinity and low sodium 
water. Based on the classification of irrigation 
water according to the RSC values 35 % of 
groundwater of the samples are fall in the safe 
for irrigation and 41 % sample are in 
unsuitable for irrigation. This is clearly 
established by the field studies of the 
occurrence of alkaline white patches and of the 
low permeability of the soil. Hence, continued 
usage of high residual sodium carbonate 
waters affects and yields of crop. Assessment 
of water samples from various methods 
indicated that groundwater in study area is 
chemically suitable for drinking and 
agricultural uses. 
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