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Methodology 
Water samples were collected from the tube wells, rain, 
ponds and riverfor in-situphysico-chemical parameter 
(Electrical conductivity, pH, and temperature), 
chemical (major and minor ions) and isotope ( 2H, 18O 
) analysis (Fig.1). The 2H and 18O were measured 
using Isotope Ratio Mass Spectrometer (Isoprime-100) 
and reported as  values in permil (‰); 
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(Precision: 2H = ±0.5‰; 18O = ±0.2‰ at 1 ).  
 

Analysis of major cations and anions were carried out 
using Dionex-DX-500 Ion chromatography as per the 
standard methods (APHA, 2005) with a detection limit 
of 0.01 mg/L. The precision and accuracy of the 
analysis is ±5%.Aquachem 3.7 was used for the 

estimation of ion balance, dissolved minerals and other 
hydrochemical parameters. Furthermore, principal 
component analysis (PCA) along with Pearson’s 
correlation analysis was used to explore large 
hydrochemical datasets.

 
Results and discussion  
Hydrochemistry and water quality evaluation 
The variations ofin-situ physico-chemical parameters 
(electrical conductivity, temperature, pH) in 
groundwater and surface water are shown in box plots 
(Figure 2). The pH of the groundwater ranged from 6.4 
to 7.8 with an average value of 6.9, whereas in surface 
water, it ranges from 7.4 to 8.6(mines quarry water: 
7.9). The pH ofgroundwater is acidic to alkaline 

whereas surface water is neutral to alkaline in nature 
and they are falling within WHO (2011) optimum limits 
(6.5 and 8.5).The electrical conductivity (EC) for 
groundwaterranged from 183to 2160 S/cm with an 
average value of 1124 S/cm whereas in surface water 
(River, Pond, Quarry), it ranges from 94 to 1470 s/cm 
that also lies within the permissible limit of 1500 S/cm 
(WHO, 2011). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Box and whisker plot showing the variation of physico-chemical parameter in groundwater and surface water. 
 
Calcium (Ca2+) and magnesium (Mg2+)concentration in 
groundwater ranged from 20.9 to 122 mg/l (mean: 72 
mg/l) and 4.7 to 60 mg/l (mean: 28.8 mg/l) respectively, 
whereas, in surface water, Ca2+ and Mg2+ varies from 
11.6 to 61.1 mg/l and 3.3 to 15.8 mg/l respectively 
(Figure 3). Both theses ions are found within the 
allowable limits as per WHO (2011) (maximum 
allowable limit for Ca2+ and Mg2+ are 75 mg/l and 30 

mg/l respectively). It has been observed that higher 
concentration of Ca2+ and Mg2+ were found in the 
discharge area. Na+ and K+ concentration in 
groundwater varied from 16.4 to 616 mg/l (mean: 113.9 
mg/l)and 0.64 to 15.3 mg/l (mean: 4.6 mg/l) 
respectively, whereas in surface water, Na+ and K+ 
varies from 5.4 to 34.1 mg/l (mean: 19.7 mg/l) and 2 to 
3.9 mg/l (mean: 2.9 mg/l) respectively.One 
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relation to Vienna Standard Mean Ocean Water (VSMOW), as given by the following equation: 

 
Figure 1: Digital elevation map showing sampling points in the study area 
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where, R represents the isotope ratio of the sample 
(2H/1H or 18O/16O) and Rstd represents the 
corresponding ratio of the standard, VSMOW). The 
 values are expressed in parts per thousand 

(permil, ‰). The precision of measurement for 2H 
is ± 0.5‰ and that of 18O is ± 0.2‰ at 1 . 
 
Results and Discussion 
In-situ physicochemical parameters show that the 
temperature of the groundwater and surface water 
varies from 15 to 29.1°C and 18.8 to 36.6°C 
respectively. The electrical conductivity of the 
groundwater ranges from 101 to 2160 S/cm where 
as it ranges from 196 to 2290 S/cm in surface 
water. The pH of groundwater is acidic to alkaline 
(5.6 – 7.6) whereas the surface water is acidic to 

highly alkaline (5.8 – 10.2). The 18O and 2H of 
the groundwater water varies from -6.3 to -2.7‰ 
and -42.4 to -14.8‰ respectively. The 18O and 2H 
of the surface water varies from -5.2 to -1.9‰ and -
35.3 to -15.3‰, respectively. 
 
The Cl¯ of groundwater ranged from 49.9mg/l to 
309.9mg/l while in surface water it ranged from 
40mg/l to 120mg/l. It has been observed that 
majority of groundwater and surface waters are 
having higher Cl¯ composition (Figure 2). From the 
Figure 2, it can be deduced that the samples which 
are having depleted 18O values are having lower 
Cl¯ while the samples having enriched 18O values 
have higher Cl¯ (except few samples). This shows 
that enhancement of Cl¯ in majority of the samples 
is because of the evaporative enrichment. Some of 
the samples are depleted in isotopic composition 
and also having very high Cl¯ indicates influence of 
Nala or AMD on groundwater. 


















