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Abstract
Impacts of geogenic and anthropogenic sources change seriously quality of groundwater. Inferior groundwater quality 
directly affects the human health, agricultural output and industrial sector. The aim of the present study is to evaluate the 
groundwater quality for drinking purpose and also to identify the pollutants responsible for variation of chemical quality of 
groundwater, using pollution index of groundwater (PIG). Groundwater samples collected from a rural part of Telangana 
State, India, were analyzed for pH, total dissolved solids (TDS), calcium  (Ca2+), magnesium  (Mg2+), sodium  (Na+), potassium 
 (K+), bicarbonate ( HCO−

3
 ), chloride ( Cl− ), sulfate ( SO2−

4
 ), nitrate ( NO−

3
 ) and fluoride ( F− ). The groundwater is characterized 

by  Na+ and HCO−

3
 ions. The values of TDS,  Mg2+,  Na+,  K+, HCO−

3
 , Cl− , SO2−

4
 , NO−

3
 and F− are more than their threshold 

limits prescribed for drinking purpose in a few groundwater samples. The computed values of PIG varied from 0.69 to 1.37, 
which classify the 80% of the present study area into the insignificant pollution zone (PIG: < 1.0) caused by geogenic origin 
associated with rock-weathering, mineral dissolution, ion exchange and evaporation processes, and the rest (20%) into the 
low pollution zone (PIG: 1.0 to 1.5) due to influence of anthropogenic source (waste waters and agricultural activities) on 
the groundwater system, which are proved by ANOVA test. The diagrams  (Ca2+ + Mg2+) versus ( HCO−

3
 + SO2−

4
 ),  Na+ versus 

 (Ca2+ + Mg2+),  Na+ versus Cl− ,  Ca2+ versus SO2−

4
 and  Ca2+ versus  Mg2+ support the geogenic origin, whereas the diagram 

TDS with ( NO−

3
 + Cl−)/HCO−

3
 confirms the impact of anthropogenic activities on the aquifer chemistry, which substantially 

proved the explanation of PIG. The characterization of geochemical evolution of groundwater, using trilinear diagram, also 
further supports the assessment of PIG in the variation of groundwater quality. From this study, the TDS,  Mg2+,  Na+, Cl− , 
SO

2−

4
 and NO−

3
 are considered as indicators in assessing the groundwater pollution sources.
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Introduction

Groundwater is a natural replenishable and most precious 
resource. In arid and semiarid countries like India, espe-
cially in rural regions, most population depends on the 

groundwater for their drinking and irrigation needs. On the 
other hand, harmony between groundwater resources and 
human interference is the important aspect to secure the 
human health, because the chemical quality of water directly 
affects the human health. Many factors like climate, organic 
matter decay, soil conditions, lithological characteristics, 
domestic wastes, agricultural activities and industrial efflu-
ents may affect the groundwater quality in a significant way 
(Barzegar et al. 2016a, b; Nagaraju et al. 2018; Shaji et al. 
2018). If the quality of groundwater is suitable for drinking, 
it can also be consumed for other purposes, including agri-
cultural and industrial uses (Subba Rao et al. 2012, 2017). 
Thus, the evaluation of groundwater quality and pollution is 
an important aspect in order to apply water resources man-
agement and remediation strategies.
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Geochemical processes, occurring within the aquifer 
system and their chemical reactions, control the changes in 
groundwater chemistry, and therefore, the study of chemical 
variations in groundwater can be useful for identifying the 
hydrogeochemical factors that control the sources of ions in 
groundwater, which needs water treatment before application 
(Subba Rao et al. 2012; Nagaraju et al. 2018; Sun and Gui 
2015; Selvam et al. 2018).

In recent time, the impacts of geogenic and anthropogenic 
activities on the aquifer system have been studied and also 
assessed the groundwater quality and pollution for its sus-
tainable development and protection: Kumar et al. (2006) 
evaluated the hydrogeochemical processes like dissolution, 
mixing, weathering of carbonate minerals  (CaCO3 concre-
tions), ion exchange and surface water interaction that con-
trol the groundwater quality in Delhi, India. Jalali (2009) 
performed a geochemical characterization of groundwater 
in an agricultural area of Razan, Hamadan, Iran, and found 
that the factors such as natural chemical weathering of car-
bonates, gypsum and anthropogenic activities of fertilizers 
regulate the groundwater quality. Subba Rao and Surya 
Rao (2010) stated that the geochemistry of groundwater is 
mainly controlled by rock-weathering, mineral dissolution, 
leaching, ion exchange and evaporation, using bivariate 
diagrams, from a part of Visakhapatnam, Andhra Pradesh, 
India. Singh et al. (2012) assessed the quality for drinking, 
domestic and irrigation of groundwater in the village of Lut-
fullapur Nawada district, Ghaziabad, Uttar Pradesh, India, 
and observed that the variation of groundwater chemistry is 
mainly due to ion exchange process. Subba Rao (2012) pro-
posed a pollution index of groundwater (PIG) to evaluate the 
relative impact of individual chemical parameters on overall 
chemical quality of groundwater and found that the TDS, 
 Mg2+,  Na+,  K+, HCO−

3
 , Cl− , SO2−

4
 , NO−

3
 and F− are consid-

ered as pollution indicators for assessment of groundwater 
quality. Gautam et al. (2015) evaluated the groundwater 
quality suitability for domestic and irrigation purposes from 
Chotanagpur plateau region of Subarnarekha river basin, 
Jharkhand State, India, and stated that the leaching of ions 
followed by weathering and anthropogenic impact (mainly 
mining and agricultural activities) control the chemistry of 
groundwater. Barzegar et al. (2016a, b, 2017a, b) assessed 
the hydrogeological, hydrogeochemical and water quality 
properties from different parts of Iran, and the results of 
Piper diagram and bivariate diagrams showed the hydro-
chemical processes such as weathering and dissolution of 
rocks, evaporation and ion exchange as the primary factors, 
while the anthropogenic activities as secondary factors that 
are responsible for variation of groundwater quality. Ghalib 
(2017) carried out a study on evaluation of groundwater 
chemistry for drinking and irrigation utilities in east Wasit 
province, Central Iraq and found that the differences in 
the groundwater chemistry from place to place are due to 

variation in lithological characteristics as well as in rock-
weathering and evaporation processes. Nag and Das (2017) 
assessed the quality of groundwater from a part of Bankura 
district of West Bengal, India, and also evaluated the ground-
water chemistry as controlled by lithology, using Gibbs and 
Piper diagrams. Priyanka et al. (2017) evaluated the seasonal 
variation of groundwater quality, using analysis of variance 
(ANOVA) test, in rural areas of Jaipur district, Rajasthan, 
India. Selvakumar et al. (2017) studied the hydrogeochemi-
cal characteristics and groundwater contamination from a 
part of Coimbatore, India, and stated that the groundwater 
contamination is mainly caused by anthropogenic activities 
such as population growth, industrial effluents and irriga-
tion return flows. Su et al. (2017) evaluated the groundwater 
quality and health risks from contamination due to intensive 
industrial and agricultural activities in the north edge of the 
loess plateau, Yulin City, Northwest China. Subba Rao et al. 
(2017) used the bivariate diagrams, trilinear diagram and 
geochemical modeling to discuss the variation in chemis-
try of groundwater from a part of Guntur district, Andhra 
Pradesh, India, and found that the soil–rock–water interac-
tions, mineral weathering and dissolution, ion exchange 
and evaporation are the prime responsible factors, while the 
agrochemicals are the supplementary factors that control the 
groundwater chemistry. Nishi et al. (2018) characterized the 
hydrogeochemistry, using bivariate diagrams, and ground-
water quality from a part of Precambrian Terrain, Eastern 
India and observed that the groundwater chemistry is con-
trolled by geogenic origin (carbonate and silicate weathering 
and dissolution, ion exchange and evaporation) and anthro-
pogenic sources. Ramyapriya and Elango (2018) evaluated 
the impacts of geogenic and anthropogenic sources on qual-
ity of surface water and groundwater, using water quality 
index, along Cauvery River, India. Subba Rao (2018) stud-
ied the groundwater quality from a part of Prakasam dis-
trict, Andhra Pradesh, India, and the results showed that the 
groundwater chemistry is regulated by rock-weathering, ion 
exchange and evaporation processes and also interference of 
human activities such as drainage wastes and agricultural 
chemicals.

From the above literature, it is clear that the varia-
tion of aquifer chemistry from place to place depends 
upon the influences of geogenic origin associated with 
soil–rock–water interactions, mineral weathering and disso-
lution, ion exchange and evaporation as the main controlling 
processes, while the impact of anthropogenic activities like 
domestic wastes, agrochemicals and irrigation return flows 
as the secondary regulating factors. These basic concepts 
can be helpful for assessing the groundwater quality and 
contamination in the present study area.

In India, the usage of groundwater is 80% in rural area 
and 50% in urban area for domestic purposes. More than 
33% of the country’s groundwater resources are unfit for 
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drinking due to geogenic and anthropogenic pollution 
(Chakraborti et  al. 2011). According to WHO (2015), 
about 38 million people are affected by water borne dis-
eases each year in India so that the groundwater quality 
and its pollution effects on aquifer system is crucial fac-
tor for protection of groundwater resources. However, no 
detailed attempt has so far been made on study of ground-
water quality from many rural parts of India. The present 
study located in a rural part of Wanaparthy district, Tel-
angana State is no exception from it (Fig. 1). Thus, the 
objective of the present study is to evaluate the quality of 
groundwater for drinking, meeting the standard drinking 
water quality limits, and to unhide the sources responsible 
for variation of quality of groundwater, using pollution 
index of groundwater (PIG).

Study area

The present study area is a part of Wanaparthy district, Tel-
angana State, India (Fig. 1). It covers an area of 432 km2. 
The area experiences a semiarid climate. The average annual 
temperature is 16.9 °C in winter (December–February) and 
41.5 °C in summer (March–May). The recorded average 
annual rainfall is 605 mm. Southwest monsoon contributes 
61% of the total rainfall.

Topographically, the slope of the study area is toward 
southwest. Sandy soils, black cotton soils and sandy loamy 
soils are the important soil varieties occurring in the study 
area. Calcium carbonate  (CaCO3) concretions occur in soil 
zone, indicating the prevailing condition of dry climate. 

Fig. 1  Location of the study 
area in Wanaparthy district, 
Telangana State, India
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The important geomorphic features include moderately 
weathered pediplain, shallow weathered pediplain, pedi-
ment, residual hills, denudational hills and flood plains. 
The small River Sarala vagu drains the area (Fig. 1). The 
drainage pattern is semi-dendritic type.

Geologically, the present study area is underlain by 
Precambrian rocks (Fig. 2). Recent formations, including 
soils and alluvium, occur over the basement rocks. The 
granite and granite gneiss are the dominant verities of the 
Precambrian rocks. Dykes, pegmatites and quartzite veins 
are associated with the country rocks. They are medium 
to coarse grained and equigranular in texture, which are 
composed of quartz, feldspar, apatite, biotite and horn-
blende. The typical grey color in the country rocks is due 
to presence of plagioclase feldspar and quartz. The potash 
feldspars include the orthoclase and microcline varieties. 
The rocks show N–S or E–W direction, with deviation 
toward E–W, NW–SE and NE–SW. They show a dip of 
55° to 70° southeast.

Groundwater exists under unconfined conditions in the 
weathered rocks as well as under semi-confined conditions 
in the fractured rocks. Groundwater is extracted through 
shallow depth (dug wells) and deep depth (bore wells). 
Depth to water level varies from 5.1 to 19.5 m below ground 
surface. Relatively, the depth to water level is shallow at top-
ographic-lows and is deep at topographic-highs. The yields 
of the wells vary from 250 to 350 cubic meters per day  (m3/
day) (CGWB 2013). Storage coefficient varies from 0.002 
to 0.020. The transmissivity of aquifer ranges from 4.50 to 
150 m2/day.

Agricultural land is occupied by 48.85%, waste land by 
43.75%, built-up land by 3.93% and the remaining 3.4% land 
associated with water bodies of the total study area. Local 
residents depend upon their income on agriculture. Intensive 
and long-term irrigation practice is a common phenomenon. 
Uncontrolled usage of agrochemicals is normal practice for 
the improvement of soil permeability as well as for higher 
crop yields. The principal crops grown include cotton, 
chilly, paddy, pulses and millets. Hygienic conditions are 
poor due to disposal of domestic wastes on the ground as 
well as leakage of drainage structures and septic tanks into 
the sub-surface.

Methodology

Sample collection and chemical analysis

A total of 30 dug wells were observed during summer (May) 
2015 (Fig. 1). Groundwater samples were collected in half 
liter clean plastic containers. The containers were soaked in 
1:1 HCl for 24 h and rinsed with distilled water, following 
the deionized water. They were cleaned before the collection 
of groundwater samples.

The groundwater samples collected from the field were 
immediately used to measure hydrogen ion concentration 
(pH) and electrical conductivity (EC), using their portable 
meters. The EC, a measure of material’s ability to conduct 
an electric current, was used to compute the concentration 
of total dissolved solids (TDS; Eq. 1), as per the procedure 

Fig. 2  Geological formations 
(after CGWB 2013)
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of Hem (1991). All chemical parameters were analyzed, fol-
lowing the methods suggested by American Public Health 
Association (APHA 2012). The total hardness (TH as 
 CaCO3) and calcium  (Ca2+) were estimated by EDTA titra-
tion method. The magnesium  (Mg2+) was computed, taking 
the difference value between TH and  Ca2+. A flame photom-
eter was used for determination of sodium  (Na+) and potas-
sium  (K+) ions. The bicarbonate ( HCO−

3
 ) was analyzed by 

HCl volumetric method. The chloride ( Cl− ) was estimated 
by  AgNO3 titration method. SO2−

4
 , NO−

3
 and F− were meas-

ured, using UV-spectrophotometer. The concentrations of 
hydrochemical parameters were expressed in milligrams per 
liter (mg/L), excepting pH (unit less). The computed ionic 
balance error (IBE) was within the standard limit of ± 5% 
(Domenico and Schwartz 1990).

Pollution index of groundwater

For assessment of variation in groundwater quality caused 
by geogenic and anthropogenic sources, pollution index of 
groundwater (PIG) proposed by Subba Rao (2012) was used 
in the present study, which quantifies the status of relative 
impact of individual chemical variables (pH, TDS,  Ca2+, 
 Mg2+,  Na+,  K+, Cl− , SO2−

4
 , NO−

3
 and F− ) on overall quality of 

groundwater (Table 1). Five steps were involved in computa-
tion of the PIG. In first step, the relative weight (Rw) from 
1 to 5 was assigned for each chemical parameter, according 
to its relative impact on human health. For example, mini-
mum weight (1) was given to  K+ and maximum weight (5) 
to pH, TDS, SO2−

4
 , NO−

3
 and F− . In second step, the weight 

parameter (Wp) was computed for each chemical variable to 
assess its relative share on overall quality of water (Eq. 2). 
In third step, the status of concentration (Sc) was estimated 
by dividing the each chemical variable content of each water 

(1)TDS = EC × 0.65

sample by its respective drinking water quality threshold 
limit (Ds; Eq. 3). In fourth step, overall chemical quality 
of water (Ow) was computed by multiplying the Wp with 
the Sc (Eq. 4). In final step, pollution index of groundwater 
(PIG) was calculated by adding all Ow values (ΣOw; Eq. 5), 
which contribute all chemical variables of each water sam-
ple, to get a clear scenario on the influence of contamination 
on aquifer system.

In assessment of PIG, the relative contribution of chemi-
cal variables from each groundwater sample will be taken 
into account. If the overall chemical quality of water (Ow) is 
more than 0.1, it accounts for 10% of value of 1.0 of the PIG. 
This gives clear cut information on the influence of contami-
nation of groundwater body (Subba Rao 2012). The PIG has 
been classified as an insignificant pollution, if it is less than 
1.0; low pollution, if it is in between 1.0 and 1.5; moderate 
pollution, if it varies from 1.5 to 2.0; high pollution, if it is 
from 2.0 to 2.5; very high pollution, and if it is more than 
2.5 (Table 2), considering the additional concentrations of 
chemical variables, which specify the inflowing of foreign 
matter into an aquifer system gradually.

Analysis of variance

One-way analysis of variance (ANOVA) was used for 
hypothesis test, whether it is significant or not (Priyanka 
et al. 2017). It compares the variance (variability in scores) 
between the different groups with the variability within each 
of the group, which is called F test (Eq. 6). This test has been 
carried out in the present study area between the insignifi-
cant pollution zone and the low pollution zone to examine, 

(2)Wp =

Rw
∑

Rw

(3)Sc =
C

Ds

(4)Ow = Wp ∗ Sc

(5)PIG =

∑

Ow

Table 1  Particulars of relative weight (Rw), weight parameter (Wp) 
and drinking water quality standard (Ds). Source: Subba Rao (2012)

Chemical parameter Rw Wp Ds

pH (units) 5 0.122 7.5
TDS (mg/L) 5 0.122 500
Ca2+ (mg/L) 2 0.049 75
Mg2+ (mg/L) 2 0.049 30
Na+ (mg/L) 4 0.097 200
K+ (mg/L) 1 0.025 10
HCO

−

3
 (mg/L) 3 0.073 300

Cl
− (mg/L) 4 0.097 250

SO
2−

4
 (mg/L) 5 0.122 150

NO
−

3
 (mg/L) 5 0.122 45

F
− (mg/L) 5 0.122 1.5

Sum (Σ) 41 1.000

Table 2  Classification of pollution index of groundwater (PIG). 
Source: Subba Rao (2012)

Range of PIG Classification

< 1.0 Insignificant pollution
1.0 to 1.5 Low pollution
1.5 to 2.0 Moderate pollution
2.0 to 2.5 High pollution
> 2.5 Very high pollution
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whether the experimental results are at accepted level or not, 
using Statistica version 6.

If the calculated value of F is more than the critical value 
of F (tabulated value), then the null hypothesis (Ho) will 
be rejected at α level (significance level). That means the 
experimental assumption will be accepted or null hypothesis 
is significant. If the calculated value of F is less than the 
critical value of F, then the null hypothesis (Ho) will not be 
rejected at α level. That means the experimental assumption 
will not be accepted or null hypothesis is insignificant.

Bivariate and trilinear diagrams

Bivariate diagrams were used here to evaluate the geogenic 
source (rock-weathering, mineral dissolution, ion exchange 
and evaporation) and anthropogenic activities (waste water, 
agrochemicals and irrigation return flow) on groundwater 
quality (Barzegar et al. 2017a, b). Trilinear diagram was 
also adopted to evaluate the geochemical characteristics of 
groundwater (Piper 1944).

Results and discussion

Groundwater quality and chemistry

The results of chemical composition of groundwater of the 
present study area are presented in Table 3. The ground-
water contains neutral to alkaline condition, with measured 
pH in the field varying from 7.1 to 8.6 with an average of 
7.56, which is caused by both HCO−

3
 and CO2−

3
 ions (Hem 

1991). The degree of groundwater quality in terms of TDS 
showed a wide range from 200 to 2106, and its average was 
583.60 mg/L, which gives information on total dissolved 
salts present in the groundwater system. Generally, the lower 
TDS may be a result of natural origin, while the higher TDS 
specifies the influence of anthropogenic source on aquifer 
system (Subba Rao 2017a).

The concentrations of cations  (Ca2+,  Mg2+,  Na+ and  K+) 
and anions ( HCO−

3
 , Cl− , SO2−

4
 , NO−

3
 and F− ) can explain 

the causes of variations in the quality of groundwater and 
also determine the basic hydrogeochemical characteristics of 
groundwater (Subba Rao 2017a). The  Na+ was observed to 
be in higher concentration among the cations, varying from 
33 to 434 with an average of 117.87 mg/L (Table 3). This 
is caused by rock-weathering, mineral dissolution, evapo-
ration and anthropogenic activities (irrigation return flows, 
poor drainage conditions, etc.) on the groundwater system 
(Stallard and Edmond 1983; Drever 1997; Subba Rao et al. 

(6)F =

Variance between samples

Variance within samples

2017). The occurrence of ferromagnesium minerals in the 
basement rocks and disposal of waste waters on the ground 
are the main sources of higher concentration of  Mg2+, which 
was from 19 to 119, and its average was 41.63 mg/L, while 
the concentration of  Ca2+ showed the values from 18 to 67 
with an average of 39.30 mg/L, which is caused by calcium 
feldspars (Todd 1980; Hem 1991; Subba Rao et al. (2012). 
The lowest concentration of  K+ (1 to 18 with an average of 
4.10 mg/L) among the cations in the present study is a result 
of its greater resistant to chemical weathering and also its 
adsorption on clay products (Subba Rao et al. 2012).

The HCO−

3
 had the highest concentrations among the 

anions, which varied from 13 to 453, and its average was 
137.87 mg/L (Table 3). This indicates dissolution of feldspar 
minerals (Stumm and Morgan 1996). The higher concen-
tration of HCO−

3
 is also a result of decay of organic mat-

ter and root respiration that combines with rainwater  (H2O) 
to form HCO−

3
 (Eqs. 7 and 8), which controls the pH. The 

concentration of Cl− was from 20 to 680 with an average 
of 119.27 mg/L. The clays formed by highly weathered 
rocks are the prime source, and the anthropogenic activi-
ties (irrigation return flows and poor drainage conditions) 
are the secondary source for the concentration of Cl− in the 
groundwater (Subba Rao et al. 2017). The SO2−

4
 content var-

ied from 14 to 200, and its average was 51.53 mg/L. No 
sulfide-bearing minerals are present in the present study 
area so that the application of uncontrolled gypsum used 
for the improvement of soil conditions appears to be the 
main source of SO2−

4
 in the groundwater system. The con-

centration of NO−

3
 was from 0.10 to 59 with an average of 

7.50 mg/L in the groundwater of the present study, and its 
higher content (> 10 mg/L) indicates the influences of dis-
posal of waste waters and application of nitrogen fertiliz-
ers on the aquifer system (Cushing et al. 1973; Subba Rao 
et al. 2012, 2017). The F− content was from 0.26 to 2.30 
(with an average of 0.99) mg/L in the present study area. 
The country rocks, containing the F− bearing minerals (apa-
tite, biotite and hornblende), and the occurrence of clays are 
the main responsible for the F− content in the present study 
area, as also suggested by Rao et al. (2014) and Subba Rao 
et al. (2017b). The extensive use of phosphate fertilizers for 
higher crop yields is the secondary source for enrichment of 
F− in the groundwater (Subba Rao 2017b).

Overall,  Na+ is the dominant ion, among the cations, fol-
lowed by  Mg2+,  Ca2+ and  K+, while HCO−

3
 is the abundant 

ion among the anions, followed by Cl− , SO2−
4

 , NO−

3
 and F− 

(Table 3). Therefore, the groundwater belongs to  Na+- HCO−

3
 

type. The concentrations of TDS,  Mg2+,  Na+,  K+, HCO−

3
 , 

Cl− , SO2−
4

 , NO−

3
 and F− exceed their recommended limits of 

(7)CO2 + H2O → H2CO3

(8)H2CO3 → H+

+ HCO−

3
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500, 30, 200, 10, 300, 250, 150, 45 and 1.5 mg/L permitted 
for drinking water purpose in about 33, 60, 20, 7, 7, 20, 7, 
7 and 20% of the total groundwater samples, respectively 
(Fig. 3), which may cause health disorders (BIS 2012).

Groundwater pollution zones

The computed values of PIG varied from 0.69 to 1.37 
(Table 4). As per the classification of PIG (Table 2), 80% of 
the total groundwater samples fall in the insignificant pollu-
tion zone (PIG: 0.69) and the rest (20%) in the low pollution 
zone (PIG: 1.37). The groundwater samples (5, 8, 16, 22 and 
28) of the low pollution zone spread mainly from central 
side to eastern side (Fig. 4). The pH (0.13) and TDS (0.12) 
show the values of Ow more than 0.1 in the insignificant 

Table 3  Chemical composition 
of groundwater

SD standard deviation, CV coefficient of variance (%)

Sample number pH TDS Ca2+ Mg2+ Na+ K+
HCO

−

3
Cl

−

SO
2−

4
NO

−

3
F
−

– mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 8.6 354 34 34 65 6 200 22 28 12.00 2.20
2 8.5 400 18 44 60 6 88 50 36 6.00 2.30
3 7.2 350 28 39 55 1 130 30 27 0.10 0.63
4 7.8 570 28 34 130 18 210 60 32 2.00 1.00
5 8.0 950 18 44 258 1 143 310 60 2.15 1.20
6 7.2 701 40 87 58 1 202 68 34 0.30 0.81
7 7.3 420 58 25 81 1 13 30 38 10.90 0.81
8 7.1 2106 50 119 434 4 142 680 200 59.00 0.45
9 7.3 950 65 49 238 2 215 350 88 9.10 0.40
10 7.2 200 18 20 38 2 52 40 18 2.54 0.26
11 7.7 340 48 19 78 2 66 90 94 1.00 0.66
12 7.8 440 40 26 69 5 58 20 20 3.00 1.90
13 7.3 400 40 26 56 2 100 20 24 2.66 0.98
14 7.2 345 60 20 59 6 120 80 30 1.10 0.38
15 7.3 300 38 34 33 2 38 30 22 3.00 0.76
16 8.5 334 32 28 63 4 158 28 26 14.12 2.30
17 8.4 460 19 47 62 5 94 54 42 6.84 2.20
18 7.6 370 31 36 58 2 141 42 29 0.24 0.58
19 7.7 550 33 36 124 14 215 64 34 2.42 1.20
20 7.9 970 19 42 249 2 75 278 64 2.46 1.12
21 7.4 745 43 84 57 5 195 72 38 0.50 0.64
22 7.2 456 56 28 84 4 75 28 42 10.60 0.87
23 7.1 1606 48 109 428 4 453 540 184 48.24 0.85
24 7.3 850 67 51 247 2 400 284 98 9.25 0.42
25 7.2 250 18 21 41 4 48 48 14 3.46 0.26
26 7.1 345 50 28 176 2 64 94 104 2.00 0.66
27 8.3 485 44 29 72 4 128 22 26 3.04 1.84
28 7.3 472 42 24 61 2 145 24 28 2.68 0.84
29 7.5 365 58 32 64 6 64 84 38 1.10 0.48
30 7.3 424 36 34 38 4 104 36 28 3.24 0.84
Average 7.56 583.60 39.30 41.63 117.87 4.10 137.87 119.27 51.53 7.50 0.99
SD 0.48 409.46 14.80 25.34 108.69 3.67 97.51 163.02 45.31 13.19 0.63
CV 6.35 70.16 37.66 60.87 92.21 89.51 70.72 136.68 87.93 175.87 63.64

Fig. 3  Percent of groundwater samples exceeding the safe drinking 
water quality standard limits



 Applied Water Science (2018) 8:227

1 3

227 Page 8 of 13

pollution zone, while the  Ca2+ (0.04),  Mg2+ (0.06),  Na+ 
(0.04),  K+ (0.02), HCO−

3
 (0.03), Cl− (0.04), SO2−

4
 (0.04), 

NO−

3
 (0.07) and F− (0.10) have the values of Ow less than 

0.1. These values are considered as natural contributors of 
groundwater quality. On the other hand, the pH (0.13), TDS 
(0.39),  Mg2+ (0.17),  Na+ (0.15), Cl− (0.11), SO2−

4
 (0.11) and 

NO−

3
 (0.14) show the values of Ow higher than 0.1 in the low 

pollution zone, which are more than the natural contributors 
of groundwater quality. 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 
pollution zone. From Table 4, it is significant to note that 
there is no much difference in the values of Ow in the cases 
of pH,  Ca2+,  K+, HCO−

3
 and F− between the insignificant 

pollution zone and the low pollution zone. Further, it is also 
observed that the Ow values of  Na+ (0.04), HCO−

3
 (0.03) 

and Cl− (0.04) are more or less the same in the insignificant 

pollution zone, whereas the HCO−

3
 (0.04) is less than Cl− 

(0.11) and the  Na+ (0.15) is more than Cl− (0.11) in the low 
pollution zone. This difference could be due to variation in 
the source of pollution in the groundwater system.

To further confirm the experimental results between the 
insignificant pollution zone and the low pollution zone, one-
way ANOVA test was conducted at different significant lev-
els (α = 0.01, 0.025 and 0.05), using Statistica version 6. 
The results of ANOVA and F tests are presented in Tables 5 
and 6. The critical values of F (α, 1, 20) are 8.10, 5.87 and 
4.35 at α level of 0.01, 0.025 and 0.05, respectively. The 
calculated value of F is observed to be 2.778, which is less 
than the critical value of F at significant levels of 50%, 75% 
and 95%, respectively. Since the difference being tested is 
statistically significant at all levels of α, the experimental 
results of Ow observed between the insignificant pollution 
zone and the low pollution zone are at accepted level, which 
supports the above hypothesis.

To assess the processes controlling the groundwater 
chemistry, bivariate diagrams such as  (Ca2+ + Mg2+) ver-
sus ( HCO−

3
 + SO2−

4
 ),  Na+ versus  (Ca2+ + Mg2+),  Na+ versus 

Table 4  Average values of Qw and PIG

pH TDS Ca2+ Mg2+ Na+ K+
HCO

−

3
Cl

−

SO
2−

4
NO

−

3
F
− PIG Pollution zone Samples

Ow Ow Ow Ow Ow Ow Ow Ow Ow Ow Ow Numbers %

0.13 0.12 0.04 0.06 0.04 0.02 0.03 0.04 0.04 0.07 0.10 0.69 Insignificant 1 to 4, 6, 7, 9 to 15, 17 to 
21, 23 to 27, 29 and 30

80

0.13 0.39 0.04 0.17 0.15 0.01 0.04 0.11 0.11 0.14 0.08 1.37 Low 5, 8, 16, 22 and 28 20

Fig. 4  Spatial distribution map 
of insignificant pollution and 
low pollution areas
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Cl− ,  Ca2+ versus SO2−
4

 ,  Ca2+ versus  Mg2+ and TDS ver-
sus ( NO−

3
 + Cl−)/HCO−

3
 are widely used (Subba Rao and 

Surya Rao 2010; Marghade et al. 2012; Barzegar et  al. 
2016a, b; Li et al. 2018). The dominance of ( HCO−

3
 + SO2−

4
 ) 

over  (Ca2+ + Mg2+) indicates the feldspar-bearing rock-
weathering, whereas the abundance of  (Ca2+ + Mg2+) over 
( HCO−

3
 + SO2−

4
 ) is an indicative of reverse ion exchange 

(Barzegar et al. 2016b, 2017a). In the present study area, 
most groundwater samples fall below the equiline (1:1; 

Table 5  Result of ANOVA test

C is the number of columns and N is the total number of objects

Source of variation Sum of 
squares (SS)

Degree of freedom (DF) Mean square (MS) Calcu-
lated F 
value

Between the variables 0.022 1 (V1 = C − 1) 0.022 –
Within the variables 0.1584 20 (V2 = N − C) 0.00792 –
Total 0.1804 21 – 2.778

Table 6  Values of calculated F and critical F at different significant 
levels (α)

α Calculated 
value of F

Critical value of F 
(α, 1, 20)

Decision

0.01 2.778 Is not > 8.10 Cannot reject Ho

0.025 2.778 Is not > 5.87 Cannot reject Ho

0.05 2.778 Is not > 4.35 Cannot reject Ho

Fig. 5  Correlation between 
a  (Ca2+ + Mg2+) and 
( HCO−

3
 + SO2−

4
 ), b  Na+ and 

 (Ca2+ + Mg2+), c  Na+ and Cl− , 
d  Ca2+ and SO2−

4
 , e  Ca2+ and 

 Mg2+, and f TDS and ( NO−

3
 + 

Cl
−)/HCO−

3
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Fig. 5a). Thus, the groundwater chemistry is mainly con-
trolled by reverse ion exchange process. However, the 
groundwater samples are observed on both sides of 1:1 line 
of  Na+ versus  (Ca2+ + Mg2+; 5b), which indicate the ion 
exchange as well as reverse ion exchange processes, taking 
place in the present study area. In the plot of  Na+ versus 
Cl− , most groundwater samples fall below the equiline 1:1 
(Fig. 5c). It demonstrates not only the mineral weathering 
(Eq. 9) but also the ion exchange (10) processes taking place 
in the present study area. As a result, the relation of  Na+ with 
Cl− indicates the effective processes of silicate weathering 
and ion exchange (Li et al. 2016a; Barzegar et al. 2017b; 
Subba Rao et al. 2017). The higher concentration of HCO−

3
 

(Table 3) indicates the mineral dissolution (Stumm and Mor-
gan 1996). Also, the groundwater samples are observed on 
both sides of the equiline (1:1) of  Ca2+ and SO2−

4
 (Fig. 5d), 

which reflect the dissolution of gypsum/anhydrite (Barzegar 
et al. 2016b). However, the dissolved gypsum in the ground-
water is sourced from the used gypsum for the improvement 
of the soil in the present study area. Further, most ground-
water samples fall toward  Mg2+ content rather than toward 
 Ca2+ content in the plot of  Mg2+ versus  Ca2+ (Fig. 5e), 
which is due to a result of precipitation of  CaCO3. Datta 
and Tyagi (1996) stated that the formation of calcareous 
 (CaCO3) concretions infers a long history of evaporation 
caused by semiarid climate so that the occurrence of  CaCO3 
concretions in soil zone of the present study area supports 
the above hypothesis. Thus, these observations clearly indi-
cate the mineral weathering and dissolution, ion exchange 
and evaporation as the major regulating factors of chemical 
quality of groundwater.

Moreover, the values of Ow of  Mg2+ (0.17),  Na+ (0.15), 
Cl−(0.11), SO2−

4
(0.11) and NO−

3
(0.14) are more than 0.1 in 

the low pollution zone (Table 4). As pointed out by Subba 
Rao (2012), the values of Ow more than 0.1 are an indication 
of pollution. The higher values of Ow with respect to  Mg2+, 
 Na+, Cl− , SO2−

4
 and NO−

3
 can be taken as pollution indica-

tors, as these chemical parameters also exceed their drinking 
water quality limits of 30, 200, 250, 150 and 45 mg/L (BIS 
2012) in 19%, 20%, 20%, 7% and 7% of the total groundwa-
ter samples in the present study area (Fig. 4). Since most of 
the study area comes under the agricultural land (48.85%), 
the sources of Cl− and NO−

3
 are substantially supporting the 

influence of anthropogenic source on the aquifer system 
(Cushing et al. 1973; Subba Rao et al. 2012, 2017).

Human interference affects the groundwater chem-
istry, especially agrochemicals, which contaminate the 

(9)
2Na+

[

AlSi3O8 + 2CO2

]

−

+ 11H2O → 2Na+ + 2HCO−

3

+ Al2Si2O5(OH)4 +Mg2+ + 4H4SiO4

(10)Ca2+ + 2Na+X → 2Na+ + Ca2+X2

groundwater body. As a result, the groundwater shows the 
higher concentrations of  Na+, HCO−

3
 , Cl− and NO−

3
 (Jalali 

2009). It further causes the higher TDS in the groundwater. 
Therefore, a relation between TDS and ( NO−

3
 + Cl−)/HCO−

3
 

is widely used to examine the role of influence of anthropo-
genic activity on the aquifer chemistry (Han and Liu 2004; 
Jalali 2009; Marghade et al. 2012; Barzegar et al. 2016b; Li 
et al. 2016b, 2018). Generally, a positive relation of TDS 
with ( NO−

3
 + Cl−)/HCO−

3
 can be considered as an indica-

tor to assess the influence of agrochemical inputs on the 
aquifer system. The chemical composition of groundwater 
samples of the present study area is plotted in diagram TDS 
versus ( NO−

3
 + Cl−)/HCO−

3
 (Fig. 5f). A positive relation is 

between TDS and ( NO−

3
 + Cl−)/HCO−

3
 . This suggests the 

impact anthropogenic source on the groundwater chemistry. 
Consequently, the TDS shows the three times higher value 
of Ow (0.39) in the low pollution zone compared to that in 
the insignificant pollution zone (0.12; Table 4). Thus, the 
anthropogenic source seems to be a secondary origin, which 
enriches the various dissolved salts content in the ground-
water system by masking the groundwater quality caused 
by geogenic origin.

For characterization of geochemical evolution of ground-
water, which supports the assessment in the variation of 
groundwater quality by PIG, a trilinear diagram (Piper 1944) 
was also adopted here to classify the overall chemical water 
quality as (1)  Ca2+–HCO−

3
 type (zone-5), (2)  Ca2+–Cl− type 

(zone-6), (3)  Na+–Cl− type (zone-7), (4)  Na+–HCO−

3
 type 

(zone-8) and (5) mixed type (zone-9). In the present study 
area, thirty percent of the total groundwater samples are 
observed from the zone-5 (Fig. 6). This is a result of more 
concentrations of  Ca2+ + Mg2+ and HCO−

3
 + CO2−

3
 than that 

of  Na+ + K+ and Cl− + SO2−
4

(Table 7). About 23% of the 
groundwater samples fall in the zone-7. This is caused by 
higher concentrations of  Na+ + K+ and Cl− + SO2−

4
 ions than 

that of  Ca2+ + Mg2+ and HCO−

3
 + CO2−

3
 ions. The remain-

ing 47% of the groundwater samples are observed from the 
zone-9, which shows a mixed water type, namely no ion-
pairs, exceeding 50% of the total ions. From Fig. 6, it can 
be clearly said that the fresh water type (zone-5) of geo-
genic origin gradually changes to saline water type (zone-
7) through the mixed water type (zone-9) due to impact of 
anthropogenic activities on the aquifer system. Thus, the 
characterization of geochemical evolution of groundwater is 
also further supported by the PIG’s assessment in the vari-
ation of groundwater quality.

After discussion, the groundwater quality and the impacts 
of geogenic and anthropogenic sources on the groundwa-
ter system, using PIG, the TDS,  Mg2+,  Na+, Cl− , SO2−

4
 and 

NO−

3
 , are considered as indicators for assessing the pollution 

sources in the present study area.
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Conclusions

The following important conclusions were drawn from the 
rural part of Telangana State, India:

• Groundwater quality is characterized by  Na+ and HCO−

3
 

ions.

• The concentrations of TDS,  Mg2+,  Na+,  K+, Cl− , SO2−
4

 , 
NO−

3
 and F− exceed their recommended limits prescribed 

for drinking purpose in a few groundwater samples.
• The values of pollution index of groundwater (PIG) vary 

from 0.69 to 1.37, which classify the 80% of the area 
into insignificant pollution zone (PIG: < 1.0) and the rest 
(20%) into low pollution zone (PIG: 1.0 to 1.5). They are 

Fig. 6  Characterization of geo-
chemical evolution of ground-
water (after Piper 1944)
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Table 7  Characterization of groundwater quality

Zone Characterization of water quality Sample numbers

Numbers %

1 Alkaline earths  (Ca2+ + Mg2+) exceed alkalies  (Na+ + K+) 1 to 3, 6, 7, 10 to 18, 21, 22, 25 and 27–30 70.00
2 Alkalies exceed alkaline earths 4, 5, 8, 9, 19, 20, 23, 24 and 26 30.00
3 Weak acids ( HCO−

3
 + CO2−

3
 ) exceed strong acid ( Cl− + SO2−

4
) 1, 3, 4, 6, 13, 16, 18, 19, 27, 28 and 30 36.67

4 Strong acids exceed weak acids 2, 5, 7 to 12, 14, 15, 17, 20 to 26 and 29 63.33
5 Carbonate hardness (secondary alkalinity) exceeds 50% that is by 

alkaline earths and weak acids
1, 3, 6, 13, 16, 18, 27, 28 and 30 30.00

6 Non-carbonate hardness (secondary salinity) exceeds 50% – –
7 Non-carbonate alkali (primary salinity) exceeds 50% 5, 8, 9, 20, 23, 24 and 26 23.33
8 Carbonate alkali (primary alkalinity) exceeds 50% – –
9 Mixed type (transition zone): no cation–anion pair exceeds 50% 2, 4, 7, 10, 12, 14, 15, 17, 19, 21, 22, 25 and 29 46.67
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caused by geogenic (rock-weathering, mineral dissolu-
tion, ion exchange and evaporation) and anthropogenic 
(waste waters and irrigation activities) sources, respec-
tively.

• ANOVA test conducted between the insignificant pollu-
tion zone and the low pollution zone, the value of F is 
less than that of critical F at significant levels of 0.01, 
0.025 and 0.05, which accept the experimental results.

• The diagrams  (Ca2+ + Mg2+) versus ( HCO−

3
 + SO2−

4
 ) 

and  Na+ versus  (Ca2+ + Mg2+) support the reverse ion 
exchange and ion exchange processes controlling the 
groundwater chemistry.

• The relation between  Na+ and Cl− is explained the role 
of rock-weathering, mineral dissolution and evaporation 
processes in regulating the groundwater quality.

• The groundwater samples falling toward  Mg2+ over  Ca2+ 
indicate the precipitation of  CaCO3 due to higher rate of 
evaporation, which is also supported by the occurrence 
of calcium carbonate concretions in the soil zone.

• A positive relation of TDS with ( NO−

3
 + Cl−)/HCO−

3
 con-

firms the influence of anthropogenic activities on the 
aquifer chemistry.

• The characterization of geochemical evolution of ground-
water, using trilinear diagram, also further supports the 
assessment of PIG in the variation of groundwater qual-
ity.

• The TDS,  Mg2+,  Na+, Cl− , SO2−
4

 and NO−

3
 are considered 

as indicators in assessing the pollution sources.
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