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Abstract
Fifty groundwater samples were obtained pre and post-monsoon seasons in parts of hard rock terrain in Andhra Pradesh, 
South India, in order to assess the drinking water quality. PIG values of groundwater samples ranged from 0.95–1.53 and 
0.83–1.28 during pre and post-monsoon seasons. PIG values are slightly higher in the pre-monsoon season when compared 
to the post-monsoon season. In the pre monsoon season, 96% of the groundwater samples showed insignificant pollution 
class (< 1), 4% of the groundwater samples are low pollution (1–1.5). 82% of the groundwater samples showed insignificant 
pollution status (< 1), 18% of the groundwater samples fall under the low pollution (1–1.5), is noticed in post-monsoon 
season, respectively. WQI values of groundwater samples ranged from 108.5–204 mg/L and 112.6–170 mg/L during pre and 
post-monsoon seasons; its shows that 100% are very poor for drinking purpose. Piper diagram reveals that groundwater is 
majorly mixed  Ca2+-Mg2+-Cl−,  Ca2+-Mg2+-Cl−-SO4

2−,  Na+-K+-Cl−-  SO4
2− type in this region. The Gibbs plot indicates that 

groundwater samples fall within the field of rock dominance. Through applying GIS techniques, the spatial distribution of 
groundwater quality analysis reveals that most of the groundwater samples do not comply drinking water quality standards 
and water needs to be prior treatment before consumption.

Keywords Geochemistry · Groundwater quality · Hard rock aquifer · Pollution index of groundwater · Water quality index · 
Geographic information system · South India

Introduction

In this environment, water is important for the life of plants, 
animals and all living things. The quality of groundwater, 
especially shallow groundwater, is changing due to human 
activity (Adimalla and Venkatayogi 2018; Sunitha and 
Muralidhara Reddy 2014; Sunitha et  al. 2014). Impair-
ment of water quality is particularly alarming with anthro-
pogenic interventions and climate change which increase 
health risk in many natural water bodies like rivers, lakes, 
coastal lagoons, etc. As a consequence, monitoring of water 

quality becomes crucial in terms of environmental protection 
and sustainability and anticipated potential environmental 
changes. Generally groundwater quality mainly depends up 
on two phenomenon: anthropogenic and geogenic activi-
ties. In view of anthropogenic activities, after the time of 
industrialization and the green revolution, the discharge of 
untreated effluents from industries and agricultural wastes 
which enters in the environment, disturbs the biological bal-
ance with the growth of technology (Sunitha et al. 2016; 
Subbarao 2018; Al-Hadithi 2012). Quality of groundwater 
also depends on various geogenic activities. Highly local-
ized factors like topography and lithology effect the quality 
to vary within short distances in the area examined (Kadam 
et al. 2021a, 2021b; Gaikwad et al. 2021; Subba Rao et al. 
2012; Raju et al. 2009; Nageswara Rao et al. 2019). The 
quantity is also subject to weathering, groundwater move-
ment, individual ion content and ion exchange, environment 
and time variability in the recharge and discharge cycle. The 
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geochemistry of waters is governed by the following factors: 
(i) the geochemistry of rocks and soils (ii) the semi-arid cli-
mate with abundant water in monsoon and scarcity of water 
in summer (iii) interchange among aquifers due to pressure 
differentials resulting from continuous withdrawal (iv) con-
tamination of ground water by polluted surface water (v) 
direct entry of sewage water into wells of poor design and 
(vi) the extent of use of water. Rock or mineral composition 
is reflected by its elemental constituents in the form of major 
elements or trace elements (Karunanidhi et al. 2019). In the 
case of detrital rocks of sedimentary origin determination 
of grain size, fabric, roundness and sphericity of grains are 
resorted to decipher their genetic history, while non-detrital 
rocks like argillaceous and calcareous sedimentary rocks, 
chemical analysis is diagnostic value (Subba Rao 2018; Al-
Omran et al. 2016). This may reflect the nature of the source 
material, conditions of transport and environmental condi-
tions of deposition. Though the uniformity of chemical com-
position is expected over wide areas, because of the uniform-
ity in the environmental conditions of deposition with low 
amplitude of fluctuation, the conditions are usually far from 
ideal and ever changing both in time and space affecting con-
siderable change in the composition of different lithological 
units, either vertically or horizontally (Adams et al. 2001). 
Groundwater chemistry of a region is usually not homogene-
ous and it is driven by flow, geochemical processes, evapora-
tion and evapotranspiration and possible sources of pollution 
(Sunitha et al. 2019; Sreedevi et al. 2018; Sunitha 2012b). 
Recognition of several related geochemical processes will 
aid to understand the causes of water quality changes due to 
contact with aquifer in particular in weathered rock forma-
tions. Hydrogeochemical processes can also help to prepare 
and maintain polluted sites in order to preserve aquifers that 
are contaminated by natural and anthropogenic phenomena. 
Therefore knowledge of geochemical processes that govern 
groundwater chemistry is therefore important for under-
standing groundwater quality issues (Sreedevi et al. 2019).

Metal ions are necessary for humans at low doses, but 
in excessive amounts, they are harmful or even cancerous. 
Many metallic ions can be found in the environment, and 
they are distinguished not only by their physicochemical 
forms, but also by their varying toxicities to living organ-
isms. Water contamination caused by new developing tox-
ins is becoming a source of concern around the world, with 
potentially disastrous environmental repercussions. New 
developing contaminants have been discovered in a num-
ber of water resources. Nano-particles, also known as next 
generation nano-adsorbents, are utilised to eliminate these 
pollutants (Imran Ali et al. 2005; Basheer 2017, 2018; 
Basheer and Ali 2018). However, the chemistry of ground-
water is governed by geochemical processes that occur 
along the flow direction. It is vital to locate the geochemi-
cal reactions of the aquifer in order to have access to the 

distribution of the region's key ion chemistry. Groundwater 
quality is changing in India due to increased urbanisation, 
over-withdrawal of groundwater, excessive use of fertilis-
ers, inappropriate waste disposal, geogenic reasons and 
other factors (Balamurugan et al. 2020).

The pollution index of groundwater (PIG) is an effec-
tive technique for evaluating the suitability of drinking 
water quality in any area and communicating the overall 
water quality information. In assessing water adaptability 
for various applications, the Water Quality Index (WQI) 
method is very useful and offers reliable information on 
water quality to ordinary citizens and decision-makers in 
order to monitor water quality. For example, WQI is an 
efficient tool that can be used to assess the suitability of 
drinking water quality in any area and to relay information 
on the overall quality of water. Horton (1965) originally 
developed WQI in the USA and was primarily used in Asia 
and Africa (Li et al. 2010; Prasanna et al. 2011). Different 
researchers are trying to set up a number of water qual-
ity metrics for groundwater quality assessment. The index 
choice is based on the input parameters for groundwater 
and the desired result (Sunitha et al. 2016; Suvarna et al. 
2018; Sudharshan et al. 2020; Prasad et al. 2019; Reddy 
et al. 2019; Suvarna et al. 2019). It represents the over-
all water quality with indicator numbers and offers infor-
mation on water quality with a single value (Aminiyan 
et al. 2018). The influence of various parameters of water 
quality is expressed and evaluated by WQI (Chaturvedi 
et al. 2010; Bouderbala 2017). These indexes are used for 
the applicability of human use by the most researchers. 
Therefore, on the basis of some physical and chemical 
data in the Anantapur area, attempts have been made to 
calculate WQI, which will provide a database that is very 
important for water management technology planning and 
development.

GIS is an important tool for storing huge quantities of 
data that can be spatially linked and retrieved to generate 
the necessary output for spatial analysis and integration. 
In the last few decades, scientists in different fields have 
developed the Geographic Information System for spatial 
investigation, study and integration (Burrough et al. 1998). 
GIS serves as a powerful tool for solving water resource 
concerns, evaluating water quality, deciding the availabil-
ity of water, preventing flooding, understanding the natural 
environment and controlling local or regional water sup-
plies (Tiandra et al. 2003). The main objective of the study 
is to assess the suitability of drinking water by measuring 
the methodology of the Water Quality Index (WQI) and the 
geographic information system (GIS) applications in order 
to understand the quality distribution, thus determining the 
concentration areas of high, medium and low chemical ele-
ments in this region. The present work also highlights the 
geochemical classification and hydrochemical processes of 
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groundwater in Anantapur, Andhra Pradesh, parts of hard 
rock terrain.

Study area

The present study area is located in the southeastern part 
of the district of Anantapur and forms part of the India 
Toposheet Survey Nos: 57 F/14, F/15, F/16, 57 J/3, J/4 and 
lies between the North latitudes 14°0′0″-14035′0″ and East 
longitudes 77°15′0″-78050′0″. Location map of the present 
study is depicted in Fig. 1. Prominent lithological forma-
tions noted in this area are Archean age peninsular gneisses 
consisting of pink granites, schists, Dharwar-age composite 
gneisses, few intrusion of the pegmatite dyke. Denudational 
hills, dissected pediments, pediplain and alluvium are domi-
nant geomorphic units of this region (Sunitha et al. 2012a, 
b, c). Chitravathi River of fifth order of streams with den-
dritic drainage pattern flowing from South to North is noted 
in this area. There is a minimum temperature of 17 °C in 
January and a maximum temperature of 42 °C in May. Red 

soil dominates much of this area and black soil is noted 
in a few areas and is typically alkaline (with a soil pH of 
about 9). Black soil is observed in a few areas. This area 
has a semi-arid climate with a mean annual precipitation of 
560 mm. Groundwater occurs in rocks that produce second-
ary porosity in weathered and eroded areas, such as granites, 
gneisses and Dharwarian schists. The depth of open wells 
varies from 6.0 to 25.0 m below ground level (bgl) and from 
1.5 to 23 m bgl at water level (CGWB 2012).

Materials and methods

Sampling and analytical procedure

50 groundwater samples were collected from different vil-
lages in and around parts of hard rock terrain, Anantapur 
District, Andhra Pradesh, during pre-monsoon and post-
monsoon of 2019 and 2018, respectively. Sampling points 
were located with GPS to ensure consistency. Samples were 

Fig. 1  Location Map of the Study Area
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collected in pre-cleaned and well-dried polyethylene bottles 
at a low temperature (putting ice in the box at 4 °C) in the 
dark and were carried to the laboratory. The time between 
sampling and analysis was tried to be kept at minimum 
time. Immediately after sampling, pH, electrical conduc-
tivity (EC), and total dissolved solids (TDS) were deter-
mined in the field itself. pH and EC are measured by pH 
metre, conductivity metre, TDS by TDS metre (Raghunath 
2003); titrimetric method was employed for determination 
of Total Hardness,  Ca2+,  Mg2+,  HCO3

− and  Cl− while  Na+ 
and  K+ are measured by flame photometry (Model No.128; 
Systronic Company),  SO4

2− and  NO3
− are measured by 

spectrophotometric method).  Fˉ is measured by using ion 
selective electrode (Model: pH/ISE; Orion 4 star ion metre). 
All major chemical parameters were determined as per the 
standard procedures (APHA 2012; Hem 1985; Raghunath 
1987) and comprehensive procedure is given in Table 1. All 
the parameters were analysed according to the bore well 
depth varies from 250 to 700 feet.

Analytical accuracy

In order to determine the analytical accuracy between the 
total cation concentration TZ  (Na+,  K+,  Ca2+,  Mg2+) and 
the total anion concentration  (HCO3

−,  Cl−,  SO4
2−,  NO3

− and 
 F−) TZ denoted in milliequivalent per litre (meq/L) for each 
sample, ionic equilibrium error (IBE) was tested to ensure 
analytical accuracy by means of the following equation:

The estimated IBE value is within the ± 5 permissible 
limit (Domenico and Schwartz 1990).

Pollution index of groundwater (PIG) estimation:

Pollution index of ground water (PIG) was initially proposed 
by Subba Rao (2012). Pollution index measures the status of 

IBE =

∑

Cations −
∑

Anions
∑

Cations +
∑

Anions
× 100 (meq∕L)

relative impact on individual water quality parameters. The 
index has been computed by considering the water quality 
variables, namely pH, EC, TDS, TH,  Ca2+,  Mg2+,  Na+,  K+, 
 Cl−,  HCO3

−,  SO4
2−,  NO3

−,  F−.
The Pollution index of groundwater (PIG) was calculated 

by following successive steps (Subba Rao 2012,2018).

The first step is assigning weight

Individual chemical parameters have been given a weight 
(Rw) from 1 to 5 according as per relative importance of 
ground water as denoted in Table 2.

The second step is weight parameter

The weight parameter (Wp) is determined by the equation 
given below:

where Wp is the weight parameter, Rw is the weight of each 
constituent. Determined weight parameter (Wp) values of 
each constituent are shown in Table 2.

The third step is status of concentration

The status of concentration for each parameter is calculated 
by dividing the individual chemical variable concentration 
of each water sample by its corresponding drinking water 
quality standard (WHO 2011).

where Sc is the status of concentration, C is the chemical 
variable concentration of individual water sample and Ds is 
the standard drinking water level (WHO 2011) for individual 
chemical constituent.

Wp =
Rw

∑

Rw

Sc =
C

Ds

Table 1  Methods of instrumentation, titrimetry and measurement used for chemical analysis of groundwater samples from the study area

Parameter Method Instruments Unit References

pH Digital pH metre pH meter (Systronics MK VI) – APHA (2012)
EC Digital conductivity meter Conductivity metre (Systronics model No-304) µs/cm Hem (1991)
TDS Indirect method (Raghunath, 2003) 0.64 × EC μS/cm mg/L APHA (2012)
Sodium & Potassium Flame Photometry Flame photometer (Systronics model No-128) mg/L APHA (2012)
Calcium & Magnesium Volumetric Titration mg/L APHA (2012)
Chloride Volumetric Titration mg/L APHA (2012)
Bicarbonate Volumetric Titration mg/L APHA (2012)
Sulphate & Nitrate Turbidity Spectrophotometer mg/L APHA (2012)
Fluoride Ion selective electrode Orion 4 star ion metre, model: pH/ISE mg/L APHA (2012)
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The fourth step is overall chemical quality of water

Overall chemical quality of water (Ow) is calculated by mul-
tiplying the Wp with the Sc.

where Ow is the overall chemical quality of water, Wp is 
weight parameter, Sc is the status of concentration.

The fifth step is pollution index of ground water

The pollution index of ground water is calculated by sum 
of the overall chemical quality of water accounted due to all 
water quality measures of each water sample.

In assessment of PIG, the relative contribution of con-
centration of water quality variables of each water sample 
was taken into account. If the overall quality of water (Ow) 
is > 0.1, it contributes for 10% of the value of 1.0 of the PIG 
denoting the significance of pollution on the groundwater 
quality (Subba Rao 2012). The ground water quality is clas-
sified based on PIG classification, as (I) insignificant pollu-
tion, when PIG < 1; (II) low pollution, if it falls in between 
1 to 1.5; (III) moderate pollution, if it is in between 1.5 to 
2; (IV) moderate pollution, ranging from 2 to 2.5; (V) very 
high pollution, when PIG > 2.5 (Table 6).

Water Quality Index (WQI) estimation

Three consecutive phases consist of the WQI calculations. 
The first step is to “assign weight” by assigning a weight (wi) 

Ow = Wp × Sc

PIG =
∑

Ow

to each of the 13 parameters based on its relative importance 
to the quality of drinking water. By adopting the following 
equation, the second step is relative weight calculation.

The third stage is a "quality rating (qi)" measured using 
the equation below.

If Ci is the concentration of each parameter in each water 
sample, Si is the prescribed WHO value for each parameter 
(Kouadra and Demdoum 2020). In total, Wi and qi have 
been used to measure the SIi for individual parameters, so 
the following equations will determine WQI.

where SIi is represented as sub index of each parameter.

GIS analysis

Spatial variation of groundwater quality based on GIS can 
be calculated with the Arc GIS 10.3 spatial analyst and geo-
statistical analyst modules after the geo database has been 
developed. This was achieved by the method of interpola-
tion, such as weighted inverse distance (IDW). For spa-
tially interpolating values, IDW is an algorithm that can be 
calculated between measurements. Every value represents 
weighted average of surrounding points. Computation of 

(1)Wi =
wi

∑n

i=1
wi

(2)qi =
(

Ci

Si

)

× 100

(3)SIi = Wi × qi

(4)WQI =

n
∑

i=1

SIi

Table 2  The seasonal chemical 
composition of groundwater in 
the study area

Pre-Monsoon Post-Monsoon

Parameters Minimum Maximum Mean Median Parameters Minimum Maximum Mean Median

pH 7.2 8.8 7.9 8 pH 7 8.8 7.9 8
EC 410 670 529 530 EC 430 630 510 500
TDS 262 429 339 339 TDS 270 400 326 320
TH 360 710 525 510 TH 310 820 491 445
Na+ 65 200 113 115 Na+ 65 180 105 100
K+ 9 34 15 14 K+ 8 32 14 12
Ca2+ 30 74 51 52 Ca2+ 20 72 49 50
Mg2+ 30 90 63.3 64.5 Mg2+ 28 90 61 61.5
HCO3

− 65 130 97 95 HCO3
− 65 130 97 95

SO4
2− 70 250 141 130 SO4

2− 70 180 96 90
Cl− 100 310 209 195 Cl− 55 120 85 85
NO3

− 36 92 61 60 NO3
− 40 89 57 55

F− 1.2 5.9 2.8 2.4 F− 0.9 5.6 2.6 2.25
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weights is performed by inverse distance method from loca-
tion observation to the estimation point. In conjunction with 
original input data from all several deterministic interpola-
tion procedures, the use of IDW with a squared distance has 
given good performance (Burrough et al. 1998; Mathes et al. 
2006). A comprehensive collection of methods that can be 
used to imagine, interpret and determine spatial phenom-
ena will be supported by the geostatistical analyst module. 
This includes prediction of spatial and structural surface 
analysis and evaluation of effects (Sunitha et al. 2012a, b, 
c; Reddy et al. 2015, 2020). The study area base map was 
prepared using Survey of India topographic sheets 57 F/14, 
F/15, F/16, 57 J/3, J/4 and digitised using Arc GIS 10.3 
programme (Fig 1). The spatial analyst programme exten-
sion is used to interpolate the inverse distance weighted 
algorithm (IDW) as an effective tool to prepare spatial dis-
tribution maps of this region groundwater physicochemical 
parameters. For many purposes, the IDW method has been 
commonly used worldwide to construct spatial distribution 
charts, significantly distinguishing concentration zones of 
high, medium and low chemical elements.

Results and discussion

Hydrogeochemical analysis of the suitability 
of groundwater for drinking purposes

The results of the groundwater study and statistical data 
of groundwater samples collected during the pre- and 
post-monsoon seasons are present in Table 2, and the ion 
concentration is contrasted with that of the World Health 

Organization (WHO) and the Bureau of Indian Standards 
(BIS) as shown in Table 3.

pH

The recommended pH limit for drinking water is 6.5–8.5 
(WHO 1990). pH in the study region varies from 7.2 to 8.8 
during the pre-monsoon era and from 6.8 to 8.8 during the 
post-monsoon period. The most groundwater samples (92 
percent) fall within the ideal limit (6.5–8.5), according to 
WHO (2004) guidelines, and only a few groundwater sam-
ples have a pH value below 7. Though pH does not have 
a direct effect on human health, all biochemical reactions 
are vulnerable to pH changes (Rao et al. 1993). The most 
groundwater has been found to be alkaline in nature, sug-
gesting that bicarbonate is dominant over carbonate ions, 
influencing the pH of most water (Laar et al. 2011). The 
presence of hard water minerals and the release of agricul-
tural waste water can lead to factors influencing alkalinity 
(Dinka 2014).

Electrical Conductivity (EC)

EC depends on the temperature and the ions current con-
centration and form (Hem 1991). 1,500 μmhos/cm is the 
optimal limit for EC in drinking water (WHO 2011). EC 
can be graded as type I if the salt concentration is low 
(EC < 1500 μS/cm). Type II is  when the salt concentration 
is low (EC < 1500 and 3000 μS/cm); if the salt concentra-
tion is high (EC > 3000 μS/cm)  is type III. According to the 
above conductivity description, Type I (low salt enrichment) 
accounted for 100% of the samples over the two seasons 

Table 3  Comparison of the 
consistency parameters of the 
research region's groundwater 
samples with WHO and BIS 
requirements

Chemical 
parameter

Expressed Ranges of standards % Samples exceeding WHO 
limits

(desirable—permissible)

WHO (2011) BIS (2012) Pre monsoon Post monsoon

pH Units 6.5–8.5 6.5–8.5 Nil Nil
EC µS/cm 1500 1500 Nil Nil
TDS mg/L 500–1500 500–1500 18 18
TH mg/L 100–500 300–600 75% 75%
Na+ mg/L 50–200 – 08% 08%
K+ mg/L 200 – Nil Nil
Ca2+ mg/L 75–200 75–200 12% 12%
Mg2+ mg/L 30–150 30–100 66% 66%
HCO3

− mg/L 300–600 300–600 66% 66%
SO4

2− mg/L 200–600 200–400 58% 58%
Cl− mg/L 250–600 250–1000 36% 38%
NO3

− mg/L 45 45–100 60% 60%
F− mg/L 0.5–1.5 1.0–1.5 84% 80%
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(Table 3). In this area, the EC value is within the permissible 
limit (1500 μS/cm).

Total dissolved solids (TDS)

TDS contains calcium, magnesium, potassium, sodium, 
bicarbonate, chloride and sulphate, primarily inorganic 
salts dissolved in groundwater (WHO 2011; Subba Rao 
et al. 2017; Adimalla et al. 2018). A general measure of the 
overall suitability of water for many purposes is the total 
concentration of dissolved minerals in water. In the region 
prior the TDS concentration was 262–429 mg/L during pre-
monsoon, and after monsoon onset, the TDS concentration 
was 270–400 mg/L. Both samples are within the optimal 
limit of total dissolved solids (500 mg/L) before and after, 
according to WHO guidelines. TDS values of < 600 mg/L 
are commonly considered beneficial to human health, 
although WHO finds TDS values of > 1000 mg/L unpleas-
ant (2011). The most groundwater is delectable, according to 
this classification. The groundwater of this area was graded 
in accordance with the United States Geological Survey 
(2000). 100 per cent of the samples were freshwater forms 
in both seasons (Table 4).

Total Hardness (TH)

In the region during pre-monsoon, the TH concentration 
was 360–710 mg/L, and during post-monsoon TDS con-
centration was 310–820 mg/L. As per WHO guidelines, all 
samples are within the ideal amount of total dissolved solids 
(500 mg/L) before and after the monsoon. The groundwater 
in this area has been listed according to the United States 
Geological Survey (2000). 100 per cent of the samples 
were freshwater type in both seasons (Table 4). Water hard-
ness denotes the capacity of soap to neutralise water. High 

hardness can inevitably be due to industrial waste in this 
study area, which is attributed to the handling of untreated 
and poorly treated waste. Compared to the post-monsoon 
season, there is a greater shift in the hardness of the sam-
ples before the monsoon due to the leaching of calcium and 
magnesium bicarbonate in the replenishment (Ritesh Vijay 
et al. 2011).

Sodium  (Na+)

In all natural waters, sodium is present in varying quantities 
and is pervasive. The pre-monsoon sodium concentration is 
65–200 mg/L, and the post-monsoon sodium concentration 
is 65–180 mg/L. The recommended sodium level in pota-
ble water is 200 mg/L (WHO 1990; BIS 2012). Few sam-
ples have a greater concentration of sodium. 82 per cent of 
groundwater samples are within the permissible range before 
and after the monsoon. There is a higher sodium content in 
12 per cent of the samples. Soil structure and permeability 
may be adversely affected by high sodium concentration, 
leading to alkaline soils. Water in contact with igneous 
rocks dissolves sodium by the deposition and decomposi-
tion of various minerals and the weathering of clay miner-
als from their natural sources (Abbas Abbasnia et al. 2018; 
Sunitha et al. 2019). Sodium and calcium interactions also 
increase the concentration of sodium in ions and other cati-
ons through agricultural waste, urban waste and runoff from 
distributed sources, sodium can also seep into natural water 
(Muralidhara Reddy et al. 2019).

Potassium  (K+)

Potassium salts are more soluble and therefore the last to 
crystallise during evaporation than sodium salts (Karanth 
1997). Both groundwater samples from this area are within 

Table 4  Classifications of groundwater on the basis of EC, TDS (USGS 2000) and TH (Sawyer et al. 2003)

Parameters Range Water type/ Classification Percentage of samples exceeding the 
permissible limit in pre-monsoon

Percentage of samples exceeding 
the permissible limit in post-
monsoon

EC  < 1500 I 100 100
1500–3000 II Nil Nil
 > 3000 III Nil Nil
 < 1000 Fresh water 100 100

TDS 1000–3000 Slightly saline Nil Nil
3000–10,000 Moderately saline Nil Nil
1000–35,000 High saline Nil Nil

TH  < 75 Safe Nil Nil
75–150 Moderately to Hard Nil Nil
150–300 Hard Nil Nil
 > 300 Very hard 100 100
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the allowable potassium levels during the pre-monsoon 
and post-monsoon seasons. While  K+ is an important 
essential nutrient when consumed in excess, laxative 
effects can occur (Alam et al. 2012). The occurrence of 
potassium in all water bodies is approximately one-tenth 
to one hundredth that of sodium, which may be due to its 
poor migratory ability and resistance to decomposition 
by weathering (Golditch 1938; Pradhan et al. 2011; Nika-
norov et al. 2012).

Calcium  (Ca2+) and magnesium  (Mg2+)

Calcium is the fifth abundant natural element that is dis-
solved from soils, rocks and the essential component 
responsible for the hardness of water. Geological sources, 
agricultural waste and industrial waste could be used to 
generate calcium in drinking water (Deshpande 2011). 
In drinking water, the recommended calcium limit is 
200 mg/L (WHO 1990).  Ca2+ concentrations range from 
30 to 74  mg/L in pre-monsoon and from 20  mg/L to 
72 mg/L in post-monsoon. (Table 3). During the pre- and 
post-monsoon seasons, 12 percent of the groundwater in 
this area is above the allowable calcium limit. Calcium 
and magnesium are also important components of the 
bone and nervous system and also influence the meta-
bolic operations of the body. This area was found to be 
deficient in calcium, as indicated for drinking purposes 
by BIS 2012. Osteoporosis, defective teeth, nephrolithi-
asis (kidney stone), rickets, hypertension and stroke, etc., 
can result from inadequate calcium intake (Faruqi 2002). 
The prime sources of magnesium  (Mg2+) in the natural 
water are several rock types, sewage and industrial wastes 
(Deshpande 2011). Higher magnesium levels in drinking 
water can trigger unwanted drinking water tastes that cause 
laxative effects.  Mg2+ values range from 30 to 90 mg/L in 
the pre-monsoon season and from 28 to 90 mg/L in the 
post-monsoon period. For drinking purposes, the neces-
sary permissible limit of magnesium in groundwater is 
150 mg/L (WHO 2011). The bulk of the groundwater is 
below the allowable magnesium limit.

Bicarbonate  (HCO3
−)

Bicarbonate concentration varies from 65 to 130 mg/L dur-
ing pre-monsoon and post-monsoon (Table 3). The accept-
able limit of 300 mg/L of bicarbonate in drinking water is 
(WHO 1990; Table 3). During the pre- and post-monsoon 
seasons, 66% of the groundwater in the study region is above 
the allowable limit. Most of groundwater is below the allow-
able limit during the pre- and post-monsoon seasons. Major 
water samples in that area do not contain carbonate ions.

Sulphate  (SO4
2−) and chloride  (Cl−)

Groundwater sample sulphate concentrations range from 
70 to 240 mg/L during the pre-monsoon period (Table 3) 
and from 70 to 180 mg/L during the post-monsoon period 
(Table 3). Sulphate occurs naturally in water, namely gyp-
sum and other common minerals, due to leaching from 
nearby rock bodies, and can also be applied to water by add-
ing fertilisers (Hem 1970). The normal sulphate concentra-
tion limit for drinking water is 200 mg/L (WHO 1984). Most 
of the samples, except for a few samples deviating from the 
appropriate limit, are below the desirable limit. The pos-
sible sources of sulphate in rocks are sulphur minerals, sul-
phides of heavy metals which are of common occurrence in 
the igneous and metamorphic rocks, gypsum and anhydrite 
found in some sedimentary rocks, input from volcanoes and 
biochemical processes; human economic activities (Hem 
1970; (Nikanorov et al. 2012; Herojeet et al. 2013). How-
ever, sulphates can be added by the application of fertilis-
ers, apart from these natural sources (Karanth 1997). In the 
pre-monsoon season, higher sulphate concentrations may 
be due to the action of leaching and anthropogenic activi-
ties in the atmosphere through the release of sulphur gases 
from factories and urban utilities (Saxena 2004). Over the 
allowable limits, 58% of groundwater samples contain sul-
phate. Chloride values range from 90 to 300 mg/L during 
the pre-monsoon period and 50–110 mg/L during the post-
monsoon period. As per WHO (2011)  Cl− has standard limit 
of 200 mg/L (WHO 1990; BIS 2012). Nearly 26% of the 
groundwater chloride concentration in the study region dur-
ing the pre-monsoon and 24% during the post-monsoon area 
is above the permissible level. Higher chloride concentra-
tion in certain areas can be derived from different sources 
such as weathering, rock, soil leaching, domestic, urban, 
industrial effluents, dry environment (Sarath Prashanth et al. 
2012; Subba Rao et al. 2017). Residual water in pores of 
granites may contain chloride (Shand 1952). The high con-
centration of chloride gives a salty taste to water, which can 
cause physiological harm. Usually, water with a high chlo-
ride content has an unpleasant taste and may be dangerous 
for certain agricultural purposes. When ingested in higher 
concentrations, higher chlorides cause laxative effects in 
humans (Sunitha et al. 2019).

Fluoride  (F−) and nitrate  (NO3
−)

In this area, f luoride concentrations range from 1.2 
to 5.9  mg/L during the pre-monsoon season to 0.9 to 
5.6 mg/L during the post-monsoon season (Table 3). Fluo-
ride in the pre-monsoon season are higher than those in the 
post-monsoon season. According to WHO (2011) guide-
lines, 84% and 80% of the samples exceeded the allowable 
fluoride level (1.5 mg/L) during the pre and post-monsoon 
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seasons, respectively (Table 2). Fluoride reduces dental 
caries and promotes enamel production at 0.8–1.0 mg/L in 
children under 8 years of age (Sunitha et al. 2018). Dental 
mottling, an early indication of dental fluorosis charac-
terised by opaque white patches on the teeth, may result 
in ingestion of water with a fluoride concentration above 
1.5–2.0 mg/L. In advanced phases of dental fluorosis, teeth 
exhibit brown to black staining, followed by pitting of teeth 
surfaces. Dental fluorosis has led severe tooth decay and 
considerable physiological stress for affected people. In 
children up to the age of 12 years, high manifestations of 
dental fluorosis are often observed. In different parts of the 
Aantapur District, dental fluorosis is clearly seen (Sunitha 
et al. 2008,2012,2018). In this region high fluoride con-
centration > 3.0 mg/L causing skeletal fluorosis is clearly 
observed at Ralla ananthapuram village. The dissolution of 
fluoride bearing minerals is often significantly influenced 
by the concentration of fluoride in groundwater due to 
various sources such as rock-water interaction, alkaline 
nature of water usually low calcium, and high magnesium 
and bicarbonate. There are three primary sources of fluo-
ride, such as fluorospar or calcium fluoride  (CaF2), apatite 
or rock phosphate  (Ca3F  (PO4)3) and cryolite  (Na3AlF6) 
(Sunitha et al. 2012a). Groundwater fluoride is typically 
connected to the broken hard rock zone with pegmatite 
veins (Ramesam et al. 1985). The primary source of fluo-
ride in groundwater in this area is due to the weathering 
of granite rocks (Reddy et al. 2019). Due to the potential 
effects of groundwater use on human health, nitrate accu-
mulation in drinking water is of particular concern. The 
nitrate concentration of groundwater samples ranges from 
36 to 92 mg/L during the pre-monsoon period and from 40 
to 89 mg/L during the post-monsoon period in this area. 
The upper nitrate concentration level in drinking water is 
stated as 45 mg/L (WHO 1984). 80% of all the nitrogen is 
added together to the environment through Agriculture and 
livestock production. Paddy cultivation alone results in 40 
percent of India’s fertilizers and almost 50 percent of the 
nitrogen fertilizers used are washed out and escaped into 
the atmosphere (Jalali 2011; Sunitha et al. 2012a, b, c). It 
is noted from the study area that 40% of the groundwater 
samples during pre- and post-monsoon seasons has desired 
limit of nitrate concentration and 60% have concentrations 
above the desired limit of nitrate as per WHO standards 
during both seasons. The use of fertilizers dependent on 
nitrogen such as NPK (Nitrogen, Phosphorus and Potas-
sium), improper disposal of human and animal waste, 
unlined drainage and drainage lines can also result in con-
tamination of nitrate groundwater. Nearly 80% of all the 
nitrogen added to the atmosphere accounts for the develop-
ment of agriculture and livestock. Agricultural practices, 
septic tank leakage, unlined drainage and sewerage pipes, 
domestic sewage, leaching from indiscriminate disposal 

of animal waste can result in higher nitrate concentrations 
(Reddy et al. 2013, Datta et al. 1996; Sunitha et al. 2012a, 
b, c). The majority of people in this area depend for their 
livelihood on farming practices, the use of fertilizers for 
crop yields may be the main contributing factor for high 
nitrate concentrations. Higher nitrate concentrations in 
groundwater in this region may also be attributable to the 
disposal of poultry waste and household/farm animal dung 
and mainly fertilizer bags that are washed by infiltration 
and return flow irrigation and drinking practices for enter-
ing groundwater in addition to agricultural activities (Ako 
et al. 2014; Narasimha et al. 2018b; Sunitha et al. 2012a, 
b, c).

Pollution index of groundwater (PIG)

PIG values of groundwater samples ranged from 0.95–1.53 
with an average of 1.19 in pre-monsoon season, whereas 
PIG values varied from 0.83–1.28 and a mean value of 
1.09 in post-monsoon season (Table 5). PIG values are 
slightly higher in the pre-monsoon season when compared 
to the post-monsoon season. In the pre-monsoon season, 
96% of the groundwater samples showed insignificant pol-
lution class (< 1), 4% of the groundwater samples are low 
pollution (1–1.5). 82% of the groundwater samples showed 
insignificant pollution status (< 1), 18% of the groundwater 
samples fall under the low pollution (1–1.5), is noticed in 
post monsoon season, respectively (Table 6). This shows a 
gradual increase in pollution from its low pollution range 
to very high pollution range by a combination of Ow val-
ues of various concentrations of water quality measures. 
For reference, low pollution zone is chiefly by EC,  Mg2+, 
TDS,  HCO3

–, TH,  Ca2+, which are denoted by higher Ow 
values, > 0.1 and other parameters pH,  Na+,  K+,  SO4

2−, 
 Cl−,  NO3

−,  F− their Ow values are less than 0.1 in both the 
seasons. The TH (0.15), Mg (0.22), NO (0.16) and F(0.14) 
show the values of Ow more than 0.1 in the insignificant 
pollution zone, while the pH (0.09), EC (0.08),  Na+ (0.03), 
 K+ (0.03),  HCO3

− (0.04),  Cl− (0.08) and  SO4
2− (0.10) 

have the values of Ow less than 0.1. Thus, they obviously 
indicate the influence of anthropogenic source rather than 
the geogenic origin on the groundwater system. In order 
to verify the role of geogenic and anthropogenic origins 
as sources of dissolved salts on the aquifer system, it is 
imperative to consider the difference in the values of Ow 
between the insignificant pollution zone and the low pollu-
tion zone. From Table 6, it is significant to note that there 
is no much difference in the values of Ow in the cases of 
all parameters between the insignificant pollution zone and 
the low pollution zone during the both seasons. This dif-
ference could be due to variation in the source of pollution 
in the groundwater system.
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Table 5  Individual Pollution 
Index of Groundwater (PIG) 
values

Pre-monsoon Post-monsoon

S. No PIG Class S. No. PIG Class

1 1.21 Low pollution 1 1.13 Low pollution
2 1.20 Low pollution 2 1.11 Low pollution
3 1.23 Low pollution 3 1.13 Low pollution
4 1.30 Low pollution 4 1.22 Low pollution
5 1.33 Low pollution 5 1.24 Low pollution
6 1.13 Low pollution 6 0.99 Insignificant pollution
7 1.21 Low pollution 7 1.05 Low pollution
8 1.24 Low pollution 8 1.24 Low pollution
9 1.15 Low pollution 9 1.02 Low pollution
10 0.95 Insignificant pollution 10 0.83 Insignificant pollution
11 1.05 Low pollution 11 0.92 Insignificant pollution
12 1.27 Low pollution 12 1.19 Low pollution
13 1.11 Low pollution 13 1.01 Low pollution
14 1.25 Low pollution 14 1.19 Low pollution
15 1.03 Low pollution 15 0.93 Insignificant pollution
16 0.99 Insignificant pollution 16 0.85 Insignificant pollution
17 1.01 Low pollution 17 0.85 Insignificant pollution
18 1.17 Low pollution 18 1.08 Low pollution
19 1.18 Low pollution 19 1.10 Low pollution
20 1.26 Low pollution 20 1.19 Low pollution
21 1.04 Low pollution 21 0.97 Low pollution
22 1.19 Low pollution 22 1.09 Low pollution
23 1.16 Low pollution 23 1.03 Low pollution
24 1.05 Low pollution 24 0.94 Insignificant pollution
25 1.16 Low pollution 25 1.10 Low pollution
26 1.10 Low pollution 26 1.02 Low pollution
27 1.14 Low pollution 27 1.01 Low pollution
28 1.36 Low pollution 28 1.16 Low pollution
29 1.28 Low pollution 29 1.03 Low pollution
30 1.52 Low pollution 30 1.27 Low pollution
31 1.32 Low pollution 31 1.10 Low pollution
32 1.36 Low pollution 32 1.14 Low pollution
33 1.53 Low pollution 33 1.28 Low pollution
34 1.33 Low pollution 34 1.12 Low pollution
35 1.30 Low pollution 35 1.14 Low pollution
36 1.09 Low pollution 36 0.97 Insignificant pollution
37 1.15 Low pollution 37 1.08 Low pollution
38 1.05 Low pollution 38 0.95 Insignificant pollution
39 1.13 Low pollution 39 1.00 Low pollution
40 1.14 Low pollution 40 1.07 Low pollution
41 1.13 Low pollution 41 1.10 Low pollution
42 1.16 Low pollution 42 1.09 Low pollution
43 1.33 Low pollution 43 1.26 Low pollution
44 1.23 Low pollution 44 1.23 Low pollution
45 1.02 Low pollution 45 1.03 Low pollution
46 1.32 Low pollution 46 1.28 Low pollution
47 1.12 Low pollution 47 1.07 Low pollution
48 1.19 Low pollution 48 1.17 Low pollution
49 1.16 Low pollution 49 1.12 Low pollution
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Water Quality Index in groundwater (WQI)

The index of water quality is a rating that reflects the cumu-
lative effect of the parameters of water quality. The Quality 
Index (WQI) for drinking water is used to assess the quality 
of groundwater for drinking purposes. The index was defined 
by assigning weights (w) to water quality parameters (a) on 
the basis of their perceived threat to water quality. This is 
achieved by transforming the concentrations of the constitu-
ents into a single value that reflects the combined effect of 
the parameters of water quality. The relative weight water 
quality index system is used to assess groundwater suitabil-
ity for drinking purposes in parts of the Anantapur area of 
Southern India. The choice of physicochemical index cal-
culation parameters depends on a variety of factors, such as 
the importance of the parameter and the purpose of the index 
system (Drinking or Irrigation) (Aminiyan et al. 2018).

WQI was given as Class I: Good, Class II: Poor, Class III: 
Very poor, and Class IV: Unsuitable for drinking purposes. 
The overall assessment of WQI values (108.5–204 mg/L: 
pre-monsoon season) (112.6–170  mg/L: post-monsoon 
season) indicates that 98 percent are poor, and 2 percent 
of groundwater samples are very poor for drinking in the 
pre-monsoon season and 100 percent of samples in the post-
monsoon season are very poor (Tables 7 and 8). Extensive 
irrigation practices and extensive groundwater extraction can 
be attributed to higher WQI in this area, and geogenic activi-
ties such as rock weathering, mineral dissolution and even 
anthropogenic practices are responsible for high WQI values 
in this region (Sudharshan Reddy et al. 2020a, b).

Spatial distribution of physicochemical parameters

Geographical information system (GIS), together with 
the hydrogeochemical analysis enables the delineation of 
groundwater quality applicability for various uses (Narsimha 
et al. 2013, b; Panaskar et al. 2016;  Amiri et al. 2014; Sappa 
et al. 2015; Sakram and Narsimha 2018). For different phys-
icochemical parameters such as pH, electrical conductivity 
(EC), total dissolved solids (TDS), total hardness (TH), cal-
cium  (Ca2+), magnesium  (Mg2+), sodium  (Na+) and potas-
sium  (K+), bicarbonate  (HCO3

−), chloride  (Cl−), sulphate 
 (SO4

2−), fluoride  (F−), spatial distribution maps are prepared 
in order to delineate safe and unsafe areas. Spatial maps of 

the physicochemical parameter distribution is shown in the 
Fig. 2A(from a to l) & 2B (m to z). The spatial maps of pH 
distribution in groundwater is shown in Fig. 2A(a & b). It 
is evident from these maps that groundwater is alkaline in 
nature. Anthropogenic practices, such as insufficient waste 
disposal and excess use of nitrogen fertilizers, may contrib-
ute to pH changes (Sarath Prasanth et al. 2012). The Elec-
trical conductivity (EC) spatial variation map was prepared 
and shown in Fig. 2A(c & d). From these maps, it is con-
cluded that EC values in most of the sampling locations were 
below (1500 μS/cm). In addition, it is also clear that the EC 
values (1500 μS/cm) were below the permissible maximum. 
Moreover it is also clear that EC values were below the per-
missible limit (1500 μS/cm). Soluble salts and nature of rock 
formation accounts for higher EC (Trivedi and Goel. 1984). 
High TDS values during the pre-monsoon season were noted 
in the southern part of this region and lower TDS concentra-
tions were observed during the post-monsoon season in the 
northern part of the study area, Fig. 2A(e & f). Higher TDS 
in groundwater can be extracted from leaching during the 
pre-monsoon season by recharging salts from the ground 
surface; contact between rock and water; increased agricul-
tural activities (Ballukraya and Ravi 1999; Vijay et al. 2011). 
Higher TDS applies to excessive treatment of waste and min-
eral dissolution. Greater TH values were observed from the 
south-eastern portion of the study area, while low TH values 
were observed from the north-western portion of the study 
area, as shown in Fig. 2A(g & h). Groundwater hardness is 
due to the presence of salts such as  CaSO4,  MgSO4,  CaCl2 
and  MgCl2 that are removed by the ion exchange process 
(Nag 2014). Total hardness (TH) is mainly due to the pres-
ence of dissolved calcium and magnesium ions, although its 
concentration contains all other divalent cations (Ikomi and 
Emuh 2000). The spatial distribution of sodium (Fig. 2A(i 
& j) shows a higher concentration during the pre- and post-
monsoon seasons in the northeastern part of the study region 
and a low concentration in the southern part of the study 
area. The exchange of cations and anthropogenic behaviours 
can be caused by higher  Na+. Moreover, due to inadequate 
domestic sewage, leaching of sodium-rich rocks from indus-
trial and agricultural sites may result in higher sodium con-
centrations. While higher sodium levels may not be harm-
ful, hypertension, heart failure and problems with kidney 
stones are often found (Nag and Suchetana 2016). Spatial 

Table 5  (continued) Pre-monsoon Post-monsoon

S. No PIG Class S. No. PIG Class

50 1.20 Low pollution 50 1.15 Low pollution
Average 1.19 1.09
Max 1.53 1.28
Min 0.95 0.83
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distribution of potassium  (K+) during the pre- and post-
monsoon season shows high concentrations in the south-
eastern portion of the study region and low concentrations in 
the northern, eastern and western portions of the study area 
Fig. 2A(k & l). As shown in the maps of spatial distribu-
tion, Fig. 2B(m & n) of the pre- and post-monsoon seasons 
signifies a strong calcium concentration in the southeastern 
part of the study region and a low calcium concentration 
in the northern part of the study area. Some southern com-
ponent packets show a high magnesium concentration and 
some northern, eastern and western parts of this area show 
a low concentration of magnesium Fig. 2B(o & p). During 
pre and post-monsoon seasons, bicarbonate concentration 
in this area is within the prescribed amount Fig. 2B(q & r). 
Maps of Sulphate Spatial Distribution Fig. 2B(s & t) dur-
ing both pre- and post-monsoon, indicates that sulphate is 
higher than the permissible limits in the southeastern part 
of the study region.

Higher  Cl− values from the southeastern portion of the 
study area were observed, and low  Cl− values from the 
northwestern portion of the study area were observed, as 
shown in the spatial distribution maps Fig. 2B(u & v). Dis-
tribution maps of nitrate during pre- and post-monsoon sea-
sons were shown in Fig. 2B(w & x). Nitrate of groundwater 
sample in the pre-monsoon season are higher than the post-
monsoon season. The spatial nitrate distribution maps show 
that higher concentrations are primarily observed during the 
pre- and post-monsoon seasons in the northeastern part of 
the study region, which may be due to increased agricul-
tural practices and improper methods of sewage and animal 
disposal. These maps show that in the southern part of the 
study area, the greatest concentration is observed (Muralid-
hara Reddy et al. 2016, 2019). In addition, it is surprising 
to note that higher concentrations are mostly found as iso-
lated patches in the northeastern portion of this region due 
to geogenic activities (weathering, mineralization) and small 
pollution patches are noticed in the northeastern portion of 
the study area due to anthropogenic behaviour.

Hydrogeochemical facies and water types

The pictorial method of the trilinear diagram of Piper (Piper 
1953) is significant for the identification of groundwater 
based on the constituent ionic concentrations in the basic 
geochemical characters of groundwater (Fig 3). Most of the 
natural water is composed of three cationic constituents of 
magnesium, calcium, sodium and three anionic constitu-
ents sulphate, chloride and bicarbonate. Several scientists 
have identified different types of trilinear plotting. A tri-
linear diagram of two triangles, one for cations and one for 
anions and the upper field in the form of a diamond (Piper 
1953). The cationic composition is defined by a point plotted 
on the basis of a percentage of three present in the cation Ta
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triangle. The anionic composition is expressed in the anion 
triangle by the location of a similar point. Each point is 
then projected along the line parallel to the upper margin 
of the field into the upper filed, and water characteristics 
are shown by the point where the extension intersects. 
There are six forms of groundwater in this area based on 
the Piper diagram: 1)  Ca2+-HCO3

− 2)  Na+-Cl− 3) Mixed 
 Ca2+-  Na+-HCO3

− 4) Mixed  Ca2+-Mg2+-Cl− 5)  Ca2+-Cl− 6) 
 Na+-HCO3

−. Groundwater in this area is of the majorly cal-
cium-magnesium-chloride form (Mixed  Ca2+-Mg2+-Cl−) 
and  Ca2+-Mg2+-Cl−-SO4

2−,  Na+-K+-Cl−SO4
2− form. 

The Piper diagram (Fig. 3) also indicates, however, that 

magnesium and sodium are predominant in groundwater 
among cations and concentrations of bicarbonate and chlo-
ride among anions dominate in groundwater during the pre- 
and post-monsoon seasons.

Geochemical evaluation (Gibbs diagram)

Gibbs (1970) has proposed for anions  (Cl−)/(Cl− +  HCO3
−) 

and cations  (Na+ +  K+)/  (Na+ +  K+ +  Ca2+) of the 
groundwater samples were plotted separately against 
TDS (Fig. 4). Three kinds of different fields controlling 

Table 7  WQI at individual sampling station

S.No WQI Water quality status Pre-monsoon Post-monsoon

S.No WQI Water quality status S.No WQI Water quality status S.No WQI Water quality status

1 174.7 Poor Water 26 165 Poor Water 1 160.4 Poor water 26 163.2 Poor water
2 158 Poor Water 27 167 Poor Water 2 151.5 Poor water 27 166.3 Poor water
3 157 Poor Water 28 188 Poor Water 3 143.8 Poor water 28 156 Poor water
4 162 Poor Water 29 177 Poor Water 4 141.2 Poor water 29 145.3 Poor water
5 168.4 Poor Water 30 196 Poor Water 5 147.6 Poor water 30 167.1 Poor water
6 171 Poor Water 31 176.4 Poor Water 6 130.6 Poor water 31 141.7 Poor water
7 187.5 Poor Water 32 178 Poor Water 7 140 Poor water 32 149 Poor water
8 198.3 Poor Water 33 204 Very poor Water 8 154 Poor water 33 169 Poor water
9 182.7 Poor Water 34 171.3 Poor Water 9 140 Poor water 34 143 Poor water
10 145.6 Poor Water 35 174 Poor Water 10 115.3 Poor water 35 137.4 Poor water
11 165 Poor Water 36 143 Poor Water 11 133.2 Poor water 36 128.6 Poor water
12 176 Poor Water 37 142 Poor Water 12 164.3 Poor water 37 133.4 Poor water
13 154.3 Poor Water 38 132 Poor Water 13 141 Poor water 38 115.3 Poor water
14 159.4 Poor Water 39 135.5 Poor Water 14 139.6 Poor water 39 125.4 Poor water
15 138.4 Poor Water 40 142.2 Poor Water 15 116.3 Poor water 40 146.1 Poor water
16 120 Poor Water 41 142 Poor Water 16 112.6 Poor water 41 145.2 Poor water
17 126.1 Poor Water 42 128.1 Poor Water 17 115.3 Poor water 42 139 Poor water
18 142 Poor Water 43 130.4 Poor Water 18 141.3 Poor water 43 151 Poor water
19 144.2 Poor Water 44 153.3 Poor Water 19 148.6 Poor water 44 155 Poor water
20 160.3 Poor Water 45 140.4 Poor Water 20 163.2 Poor water 45 133 Poor water
21 139 Poor Water 46 108.5 Poor Water 21 145 Poor water 46 156.2 Poor water
22 163 Poor Water 47 155.5 Poor Water 22 152 Poor water 47 132.1 Poor water
23 167 Poor Water 48 133.3 Poor Water 23 152.1 Poor water 48 142.2 Poor water
24 155 Poor Water 49 151.3 Poor Water 24 148 Poor water 49 131.4 Poor water
25 168 Poor Water 50 151.7 Poor Water 25 170 Poor water 50 141.6 Poor water

Table 8  Water quality 
classification based on WQI 
value

Class WQI Value % of samples Water quality status

Pre-monsoon Post-monsoon

A  < 50 Nil Nil Excellent
B 51–100 Nil Nil Good
C 101–200 98 100 Poor Water
D 201–300 2 Nil Very Poor Water
E  > 300 Nil Nil Water Un Suitable for Drinking
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groundwater chemistry are shown in the Gibbs diagram. 
These are the dominance of evaporation, the dominance of 
precipitation and rock dominance. The most groundwater 
samples fall during the pre- and post-monsoon seasons.

Conclusions

This work was primarily intended to use PIG, WQI & GIS 
to evaluate evaluations of groundwater quality for drink-
ing purposes. Groundwater is known to be alkaline and 
durable. The chemical analysis results were compared to 
the WHO and BIS requirements.

• PIG values are slightly higher in the pre-monsoon sea-
son when compared to the post-monsoon season. 96% 
of the groundwater samples showed Insignificant pol-
lution class (< 1), 4% of the groundwater samples are 
low pollution (1–1.5) in pre monsoon season. 82% of 
the groundwater samples showed Insignificant pollution 
status (< 1), 18% of the groundwater samples fall under 
the low pollution (1–1.5), is noticed in post-monsoon 
season. This shows a gradual increase in pollution from 
its low pollution range to very high pollution range by a 
combination of Ow values of various concentrations of 
water quality measures.

Fig. 2  A (a to l): Spatial distribution maps of individual physical parameters B (m to z): Spatial distribution maps of individual physical param-
eters
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Fig. 2  (continued)
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• Based on WQI 98% of groundwater samples are poor, 
and 2% of groundwater samples are very poor for drink-
ing in the pre-monsoon season and 100 percent of sam-
ples are very poor in the post-monsoon season.

• The Piper trilinear geochemical classification dia-
gram indicates that groundwater in this area is 
of the  Ca2+-Mg2+-Cl−,  Ca2+-Mg2+-Cl−-SO4

2−, 
 Na+-K+-Cl−-SO4

2−. Chloride is dominant in ground-
water among cations, magnesium, sodium are the main 
constituents, and among anions Sulphate, bicarbonate. 

As per the Gibbs diagram, groundwater samples come 
under the field of rock dominance.

• In this area, the spatial distribution of groundwater 
quality analysis using the GIS technique suggests that 
the most groundwater samples do not meet the quality 
requirements for drinking water. The present status of 
groundwater denotes continuous monitoring and proper 
strategies for implementation.

Fig. 3  Piper diagram of the study area (a) pre-monsoon (b) post-monsoon
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