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INTRODUCTION 
 
Groundwater is one of the important sources 
of water used for domestic and industrial 
purpose. In Maharashtra, basaltic aquifers are 
the important source of groundwater. Changes 
in groundwater quality are due to rock–water 
interaction and oxidation–reduction reactions 
during the percolation of water through the 
aquifers (Kumar et al, 2009). Water is essential 
to sustain life and satisfactory means 
adequate, safe and accessible supply must be 

available to all. Improving access to safe 
drinking water can result in tangible benefits 
to health. Every effort should be made to 
provide drinking water that is as safe as 
practicable. Safe drinking water as defined by 
the Guidelines does not represent any 
significant risk to health over a lifetime of 
consumption, including different sensitivities 
that may occur between life stages. Those at 
greatest risk of waterborne disease are infants 
and young children, people who are 
debilitated and the elderly. Those who are 
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generally at risk of waterborne illness may 
need to take additional steps to protect 
themselves against exposure to waterborne 
pathogens, such as boiling drinking water. 
Safe drinking water is required for all usual 
domestic purposes, including drinking, food 
preparation and personal hygiene.  Ground 
water is a very valuable natural resource for 
the economic development and secure 
provision of potable water supply in both 
urban and rural environments (Foster et al. 
2002; Ghezelsofloo and Ardalan, 2012; 
Wakode et al. 2014). An assessment of 
groundwater quality and the identification of 
the hydrogeochemical processes are necessary 
for the effective management and utilization of 
groundwater resources and for the assurance 
of drinking water safety and the promotion of 
environmentally sustainable development (An 
and Lu 2018; Appelo and Postma 2005; Hem 
1991; Richards 1954; Tolera et al, 2020). The 
assessment and classification of groundwater 
based on its quality can be obtained by 
analyzing its chemical characteristics. 
Variations in ion chemistry of groundwater 
are used to identify geochemical processes that 
control the groundwater quality (Varade et al, 
2018; Deshpande et al, 2021). The aim of the 
present study is to know the groundwater 
geochemistry of the GP-9 watershed and to 
evaluate its suitability for drinking uses. 
 
STUDY AREA 
 
The Upper Dhudhna basin  is a parts of 
Aurangabad districts and  located in the 
central part of Maharashtra, between Latitudes 
19°56' and 20°03’ N and Longitudes 75°26' and 
75°38'E. It has a total geographical area of 
176.25 km. The study area is included in the 
elementary watershed called as GP-9 
watershed (GSDA, 2009) and is a part of 
Survey of India, Toposheet no. 47M/5, 47M/9, 
46P/8, and 46P/12.  The Dudhna River is the 
main drainage of the study area. The average 
annual rainfall is 764.20 mm with about 80% of 
the rainfall received during the northeast 
monsoon from June to October, the 
community in the region depends on 
groundwater for their use, major part of the 
study area fall in the agricultural activities. 
The whole area is underlain and surrounded 
mainly by basaltic lava flows belonging to the 
Deccan volcanic province. Weathered, 
fractured and jointed basalt act as good 
aquifers in this study area. 

MATERIALS AND METHODS 
 
A total of 35 groundwater samples were 
collected from various locations of the study 
area as per the standard protocol prescribed 
by APHA (1995). In this study twelve 
groundwater quality parameters such as pH, 
electrical conductivity, total dissolved solids, 
total hardness, calcium, magnesium, sodium, 
potassium, alkalinity chloride, nitrate and 
fluoride were analyzed. The electrical 
conductivity and pH were measured in 
immediately after the sampling. The flame 
photometry method was used to assess the 
concentration of alkali metals (Na and K). The 
concentrations of alkaline earth metals (Ca and 
Mg) and total hardness were measured 
volumetrically with standard EDTA. The 
HCO3− and total alkalinity were assessed by 
alkalinity titration. The Cl content in samples 
was determined by using the silver nitrate 
titration. The concentration of NO3 and F were 
evaluated using a UV-visible 
spectrophotometer. 
 
RESULTS AND DISCUSSION 
 
Hydrochemical Facies 
Groundwater classifications are used to 
understand the groundwater body that differs 
in their chemical properties and compositions 
(Mahlnecht et al. 2004). Depending on 
lithology, regional flow patterns of water and 
resident time hydrochemical properties of 
groundwater vary (Domenico, 1972).  
 

Gibbs (1970) has established the 
mechanism controlling the chemical 
composition of water and ascertained a close 
relationship that exists between water 
chemistry and aquifer lithology. Gibbs 
diagram is an effective tool to comprehend the 
dominant hydrochemical processes and 
factors controlling groundwater chemistry. 
These are precipitation dominant, rock 
dominant or rock-water interaction and 
evaporation dominant. The result indicates 
that all groundwater samples of the study area 
fall in the rock dominant category, indicating 
an interaction between rocks and percolating 
water into the subsurface by means of mineral 
dissolution (Fig. 1).  
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Geologically, the study region is 
occupied by Deccan volcanic province (DVP) 
of basaltic rocks. The distribution of the 
sampling points also suggests that the major 

ion chemistry of the groundwater seems to be 
controlled by chemical weathering of rock 
forming minerals and anthropogenic activities 
(Aher, 2012; Deshpande et al, 2020). 

 

 
Figure 1: Mechanism controlling the groundwater chemistry (after Gibbs, 1970). 
 
Groundwater Quality 
pH is the measure of hydrogen ion 
concentration value in water which indicates 
whether a solution is acidic, neutral or basic. 
In present study, pH concentration ranges 
from 6.6 to 8.20 (av. 7.65), which shows that it 
is within the permissible limit as prescribed by 
BIS (2012) (Table 1). EC measures the ability of 
a material to conduct an electric current. 
Higher EC indicates enrichment of salts in the 
groundwater. In the study area, EC ranges 
from 563 to 1823 µS/cm with mean 1023 
µS/cm (Table 1). EC is an approximate index 
of the total content of dissolved substance in 
water. It depends upon the type of ions 
present, temperature and concentration (Hem, 
1991). EC can be classified as type I if the 
enrichment of salts is low (EC<1500 μS/cm) 
type II, if the enrichment of salts is medium 
(EC: 1500-3000 μS/cm) and type III, if the 
enrichment of salts is high (EC >3000 μS/cm). 
In the study area, 91% groundwater samples 
indicate type-I showing low enrichment of 
salts and 9 % groundwater samples falls in 
type –II indicating medium enrichment of 
salts. TDS indicate the nature of salinity in 

water due to leaching of salts from soil and 
domestic sewage (Singh et al, 2004; Aher and 
Deshpande, 2014).  
 

The desirable value of TDS in 
groundwater is up to 500mg/L and maximum 
permissible limit is up to 2000mg/L (BIS, 
2012). In the study area, TDS in groundwater 
varies from 367 to 1188 mg/L (av. 667 mg/L) 
(Table 1), indicating that all the groundwater 
samples has TDS within the permissible limit.  
Majority of groundwater samples showing 
that the quality of groundwater is fresh 
(TDS<1000 mg/L) and it can be used for 
drinking (TDS: 500-1000) (Davis and DeWiest, 
1966; Todd, 1980). In the present study area, 
Ca concentration ranges from 27 to 143 mg/L 
(av. 72 mg/L), whereas Mg ranges from 20 to 
75 mg/L (av. 48 mg/L) (Table 1), indicating 
that Ca and Mg are within maximum 
permissible limit given by BIS (2012).  In the 
study area, Na varies from 8.60 to 111.20 
mg/L (av. 41.59 mg/L) (Table 1). The 
maximum permissible of Na is 200mg/L and 
all the groundwater samples of the study area 
are within the permissible limit of BIS (2012). 
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Potassium (K) is an essential element for 
humans, plants and animals and is derived 
from the food chain mainly vegetation and 
soil. The main sources of potassium in 
groundwater include rain water, weathering 
of potassium bearing silicate minerals, use of 
potash fertilizers and use of surface water for 
irrigation (Reddy, 2012; 2014). In the study 
area, K concentration in groundwater samples 
ranges from 1.10 to 8.40 mg/L (av. 3.79 mg/L) 
(Table 1). The maximum permissible limit for 
K+ in drinking water is 12mg/L (WHO, 2004) 
and it has been observed that all the 
groundwater samples of the study area are 
below the permissible limit set by WHO. In the 
study area, Cl concentration in groundwater 
samples ranges from 16 to 201.94 mg/L (av. 
77.23 mg/L) (Table 1). Almost all the 
groundwater samples show chloride Cl 
concentration within the allowable limit given 
by BIS (2012). Alkalinity in water is due to 
bicarbonate, carbonate and hydroxides ions 
and it is a measure of the capacity of water to 
neutralize a strong acid. In the present study 

area, TA concentration ranges from 120 to 412 
mg/L (av.  167.20 mg/L) (Table 1). 
 

Fluoride (F ) in small amount is 
necessary for good health for preventing 
dental carries but high concentration causes 
health risk such as dental fluorosis and 
skeletal fluorosis (Baskaradoss, 2008). In 
present study area, F concentration in 
groundwater samples ranges from 0.31 to 0.58 
mg/L (av. 0.39 mg/L) (Table 1) and all 
samples are within permissible limit for 
drinking purposes prescribed by BIS (2012). 
The main source of nitrate (NO3) concentration 
in drinking water is anthropogenic activity 
such as septic tank, degradation of organic 
waste, livestock farming and domestic sewage 
(Aguilar, 2019; Ahamad, 2019; Chen, 2017; 
Jalali, 2011; Adimalla, 2020). NO3 
concentration in the groundwater samples of 
the study area ranges from 0.18 to 1.22 mg/L 
(av. 0.42 mg/L) (Table 1). All groundwater 
samples are within limit (45 mg/L) as 
prescribed by BIS (2012). 

 
Table 1: Physico-chemical parameters of groundwater of the study area 
 
Parameter  BIS Standard  Minimum Maximum Mean Std. Deviation 
pH 6.5-8.5 6.6 8.2 7.65 0.43 
EC   563 1823 1022.91 316.22 
TDS 500-2000 367 1188 666.83 205.64 
Na 200.00 8.60 111.20 41.59 26.39 
K 12.00 1.10 8.40 3.79 1.66 
Mg 30-100 20 75 48.03 13.82 
Ca 75-200 27 143 72.46 23.86 
TH 200-600 150.14 656.01 378.19 115.24 
CO3   0.00 1.76 0.27 0.55 
HCO3 200-600 120 412 167.20 51.53 
Cl 250-1000 16 201.94 77.23 49.47 
NO3 45.00 0.18 1.22 0.42 0.19 
F 1-1.5 0.31 0.58 0.39 0.07 
 
CONCLUSIONS 
 
The results of the hydrogeochemical studies 
carried out in study area are compared with 
the BIS, with the objective of inferring water 
quality with respect to drinking uses. The 
various physic-chemical parameters like pH, 
electrical conductivity, total dissolved solids, 
total hardness, alkalinity, chloride, calcium, 
magnesium, sodium and potassium, fluoride 
and nitrate was evaluated and compared with 
the BIS (2012) concerning drinking uses shows 
that majority of groundwater samples are 
suitable for drinking purposes. The 

groundwater chemistry is primarily controlled 
by rock-water interaction. The study concludes 
that the suitable managing strategy is needed 
to protect such valuable groundwater 
resources. 
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