
70

INTRODUCTION

Water is the most essential part for every living 
organism which is also a main fragment of earth’s 
rivulet, lagoons, and oceans. Water is completely 
tasteless, odourless and free from any chemical 
constituents but yet it is vital for all known ani-
mal kingdom, starting from fairy flies to lepto-
typhlops. Although 71% of total earth’s surface is 
covered by water yet 96.5% of these are hold by 
the oceans and for the remaining 2.5%, two-third 
is frozen (Mtoni et al., 2012). So ultimately there 
is not much fresh water left for civilization uses 
currently. Taking the world’s total population as 
7.5 billion, so it is a vital matter of concern to use 

the total accessible water wisely and effectively 
with minimum wastage. It is only the 8% of the 
planet’s fresh water those are used for domestic 
purpose and rest 80% are being used for cultiva-
tion and industrial purposes (Aher et al., 2019). 
Due to the scarcity of fresh water, over a billion 
people deficits to clean drinking water. Currently, 
surface and groundwater quality issues are much 
more severe in densely populated, heavily indus-
trialised areas, excessive use of pesticides and 
fertilisers in rural areas, and shallow ground wa-
ter tablets (Alphayo and Sharma, 2018). There is 
no substitute for the drinking water sources there-
fore, it is highly recommended to have a disci-
plined management if available water and timely 
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ABSTRACT
The current research was conducted to assess the groundwater quality in the Patancheruvu area of Sangareddy 
District, South India. To analysis physicochemical parameters, 16 groundwater samples were collected for the 
month of May and November, 2020. The chemical analysis results show that the ground water nature in the study 
area is alkaline to basic and is classified very hard water. High TDS concentrations in the study area is due to vari-
ous industries and anthropogenic activities. In both seasons, the order of major cations and major anions is in the 
following order: Na > Mg > Ca > K and Cl > SO4> HCO3> NO3> F respectively. The majority of the EC, TDS, 
Na, TH, Mg, Ca, Cl, HCO3, and SO4 samples exceeded the desirable limit, and some samples also exceeding the 
permissible limit. In both seasons, the dominant hydro chemical facies identified by the Chadha diagram were 
Na-K-HCO3 and Ca-Mg-HCO3. Water quality analysis said that most of the data in both seasons fell into poor to 
very poor category. The research tells that around Patancheruvu groundwater quality is poor, thisis attributed due 
to both anthropogenic factors and geogenic processes.

Keywords: chemical analysis; groundwater; Patancheruvu; physicochemical; water quality. 

Received: 2023.02.02
Accepted: 2023.06.15
Published: 2023.07.01

Ecological Engineering & Environmental Technology 2023, 24(6), 70–81
https://doi.org/10.12912/27197050/166126
ISSN 2719-7050, License CC-BY 4.0

ECOLOGICAL ENGINEERING 
& ENVIRONMENTAL TECHNOLOGY



71

Ecological Engineering & Environmental Technology 2023, 24(6), 70–81

monitoring of water quality is also required (Ali, 
2010). In India, the availability of surface wa-
ter resources is insufficient which ultimately re-
sults in the dependency of most of the urban and 
semi urban people on the ground water resources 
(Bradford et al., 2014). Currently, surface water 
bodies and aquifers that store groundwater are 
changing greatly in terms of their quality. This is 
happening due to domestic, agricultural and in-
dustrial activities on surface and on atmospheric 
(Graham and Polizzotto, 2013). These actions 
are changing water quality and directly impact-
ing adjacent human health and socioeconomic 
aspects. In order to scientifically develop and 
manage water resources, it is necessary to evalu-
ate and predict surface and groundwater quality 
(Dzwairo et al., 2006). Anthropogenic activities 
change groundwater levels and flow conditions 
through pumping, which promotes the interaction 
between groundwater and aquifer rocks, while in-
dustrial drainage is discharged into surface water 
systems, thereby affecting the hydrogeochemical 
processes of the entire water system change (Mi-
raji and Zheng, 2019).

Studying physio-chemical, and biological 
estimation of water resource is important for 
government and policymakers. The quantity of 
nutrients and suspended sediment (SS) in surface 
water plays an essential role in aquatic ecosys-
tems and contribute safety to water quality (WQ) 
(Anwar and Aggarwal, 2016). Most of the catch-
ments and rivers are affecting from anthropo-
genic stress. Therefore, studying long-short term 
responses of changing land use and land cover 
(LULC) with respect to water quality is essential 
for effective management of surface water and 
ground water (Ibraheem and Mazhar, 2017). Sur-
face water quality (SWQ) has supreme impor-
tance in controlling domestic as well as aquatic 
ecosystems (Jain and Vaid, 2018). Ground water 
quality impacts both drinking water resources and 
agricultural uses. Landscape characteristics are 
the dominant factors that have a substantial effect 
on water quality (El Ouadrhiri et al., 2022; Suna-
dji et al. 2022). For better understanding the wa-
ter quality changing trend in surface and ground 
water, studies must be including the correlation 
between industrial, urban and agricultural Land 
uses with respect to water quality parameters 
(Bradford et al., 2014). Many researchers have 
identified the alterations in LULC and WQPs, 
for example, a higher extent of agricultural and 
urban land leads to an increase in concentrations 

of Nitrate (N) and Phosphate (P) into the fresh-
water ecosystem (Graham and Polizzotto, 2013). 
The reason behind this is the mixing of fertilizers 
into the surface water through runoff from differ-
ent land uses. If water quality studies have done 
with both point source (PS) pollution studies as 
well as Non-point Source (NPS) pollution can 
improve in understanding and analysing water 
planning and management. PS pollutants are 
not dependent on flow, while NPS is primarily 
dependent on flow and further altered by sev-
eral site-specific factors (Dzwairo et al., 2006). 
Therefore, WQ in wet season indicates the col-
lective impact of NPS and PS pollution while, 
in the dry season, it is derived mainly from PS 
pollutant (Mtoni et al., 2011).

The different water quality parameter can 
be conventionally studied by conducting labora-
tory experiments on field samples and applying 
advance techniques to these samples (Mjemah 
et al., 2009). Conventional sampling point meth-
ods are fit for identifying the Spatial-temporal 
variations of WQ and for checking different wa-
ter quality standards. They are expensive, time-
consuming, and limit the assessments (Miraji 
and Zheng, 2019; Olasoji et al., 2019). Finding 
loads of nutrients like nitrogen (N), phosphorus 
(P) and suspended sediment (SS) is complicated 
because of data non-normality, infrequent moni-
toring of data and of missing data (Dwivedi et 
al., 2016). To enhance the security and operating 
performance of WQ management, it is necessary 
to establish a computer decision-making system, 
which can play a similar role in WQ evaluation, 
prediction, planning and protection (Haddeland 
et al., 2014). Majority of studies have addressed 
the importance of accurately acquiring the infor-
mation of water components for WQ monitoring 
by using Remote Sensing (RS) (Korajkic et al., 
2018). Since from the 1970s, a large number of 
satellites have been launched with multi-sensors 
on board, which are continuously providing data 
(Nnadi and Fulkerson, 2002). Satellite RS is 
promising tool for the assessment of spatial and 
temporal variations in land use and land cover, 
handling the complex heterogeneous and dy-
namic behaviour of coastal, inland and estuaries 
(Kalita et al., 2021). Remote sensing data has a 
tremendous role in water quality analysis (Dhere 
and Jagnnath, 2016). A proper assessment enables 
policymakers and water resource managers to un-
derstand the behaviour of watershed for current 
and future land-use practices.
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STUDY AREA 

The area taken up in the present study is situ-
ated in Patancheruvu which is in the north west-
ern part of Hyderabad and is geographically lo-
cated between North latitude 17.53° and 78.27° 
EastLongitude. The survey of India topo sheets 
56 O/5 and 56 O/2 cover the entire watershed 
area. The total geographical area of watershed 
covers parts of both Sangareddy block. The vil-
lages covered by the study are area Ameenapur 
(CT), Bachuguda, Bhanur, Indresham, Patelguda, 
Sultanpur and Wadakpalle. The study area along 
with water quality points is shown in Figure 1.

MATERIALS AND METHODOLOGY 

The research was done by collecting available 
physicochemical information from various public 
and private institutions located in the study area. 
Subsequently, the quality of the data was veri-
fied considering: i) reasonable reported chemical 
and physicochemical values, ii) transcription er-
rors and, iii) analytical errors in the ionic balance 
less than or equal to 10%.To determine the water 
quality and chemical composition of groundwater 
graphic, descriptive and multivariate statistical 
methods are used. These methods are combined 
and correlated with the geological and hydrogeo-
logical knowledge of the study area.

In the current study, 16 well water data were 
collected for the months of May, 2020 and No-
vember, 2020. Here, May and November are con-
sidered as Pre-monsoon season (Dry season) and 
Post monsoon season (Wet season) respectively 
and analysed physicochemical parameters of 
groundwater using the APHA (2005) procedures.

Groundwater samples were collected in 1000-
ml polyethylene bottles, after flushing the well as-
sembly with water for 5-10 minutes to remove stag-
nant water. Before collecting the water form well, 
the bottles were cleaned with distilled water. The 
electronic OTT dip metre was used to measure the 
water level. At the time of the field visit, pH and 
conductivity metres were calibrated with standard 
buffers of the respective parameters for determin-
ing, Electrical Conductivity (EC), Total Dissolved 
Solids (TDS), and pH. To remove solid sediments, 
the samples were filtered in a vacuum filtration unit 
using 0.45-m Millipore filter paper. The GPS was 
used to determine the locations points of collected 
well data. For collected water data physicochemical 
parameters analysis was done for the both periods 
of 2020 year. Standard analytical method is used to 
calculate the total hardness (TH), magnesium (Mg), 
calcium (Ca), sodium (Na), bicarbonate (HCO3), 
potassium (K) carbonate (CO3), sulphate (SO4), 
chloride (Cl), and fluoride (F)(APHA 2005). The 
volumetric technique was used to determine the 
concentrations of Total hardness, HCO3, Mg, Ca, 
and Cl. Titrimetric ally standard EDTA titration is 

Figure 1. Study area with water quality sample points



73

Ecological Engineering & Environmental Technology 2023, 24(6), 70–81

used to determined Ca and Mg concentrations. Ti-
tration of HCO3 to a methyl in the presence of phe-
nolphthalein and methyl orange indicators. Titration 
with AgNO3 solution was used to determine chlo-
ride. Flame emission photometry was used to deter-
mine Na and K. SO4, NO3, and F were measured us-
ing a spectrometer and various buffer solutions. The 
data were statistically analysed, and mean, standard 
deviation calculated by excel 10. These parameters 
provide useful information about the processes that 
control groundwater in the study area. In the present 
study, it was considered that the data have quality 
assurance and control at the time of sample collec-
tion and analysis. However, the data was examined 
to verify that the compiled characterisations had the 
relevant quality for the development of this investi-
gation. During this data review, errors such as: sam-
ples with uncertain locations or with inverted coor-
dinates, no recording of depths, inconsistent units of 
measure (all concentration values were converted to 
mg/L format). The error of Ion balance calculation 
given in Eq. (1).

The accuracy of the data determined by using 
Ionic balance error.

Error of Ion balance = 

=
∑Cations −  ∑Anions 
∑Caions +  ∑Anions 

× 100 

𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖 =
𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖

∑ 𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛
𝑖𝑖𝑖𝑖=1

 

𝑞𝑞𝑞𝑞𝑖𝑖𝑖𝑖 =
(𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖0 )
(𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 − 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖0 )

× 100 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 = 𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖 × 𝑞𝑞𝑞𝑞𝑖𝑖𝑖𝑖  

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑆𝑆𝑆𝑆 = �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 

(1)

For accuracy of the results it should be ±10.The 
ionic balance error is within ±10, excluding few 
samples which are above ±10 in both the seasons.

Water quality index (WQI)

Globally Water Quality Index (WQI) method is 
used to assess the appropriateness of water quality 
for domestic purposes. Water quality for drinking 
purposes around the study area is calculated with the 

help of WQI method and compare the WQI values 
with the BIS (2012) standards. WQI is calculated by 
using 9 parameters. Three steps were used to com-
pute WQI. In the first step weight (wi) assign to the 
nine parameters (Hardness, pH, Cl, TDS, SO4, Ca, 
F, Mg and NO3) (Table 1). In the next step Eq. (2) is 
used to estimate the relative weight (Wi).

Error of Ion balance = 

=
∑Cations −  ∑Anions 
∑Caions +  ∑Anions 

× 100 

𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖 =
𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖

∑ 𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛
𝑖𝑖𝑖𝑖=1

 

𝑞𝑞𝑞𝑞𝑖𝑖𝑖𝑖 =
(𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖0 )
(𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 − 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖0 )

× 100 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 = 𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖 × 𝑞𝑞𝑞𝑞𝑖𝑖𝑖𝑖  

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑆𝑆𝑆𝑆 = �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 

(2)

where: wi –weight of the respective parameter;   
n– number of parameters.

Final step is assigning quality (qi) of respec-
tive parameter which was calculated by Eq. 3

Error of Ion balance = 

=
∑Cations −  ∑Anions 
∑Caions +  ∑Anions 

× 100 

𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖 =
𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖

∑ 𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛
𝑖𝑖𝑖𝑖=1

 

𝑞𝑞𝑞𝑞𝑖𝑖𝑖𝑖 =
(𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖0 )
(𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 − 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖0 )

× 100 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 = 𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖 × 𝑞𝑞𝑞𝑞𝑖𝑖𝑖𝑖  

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑆𝑆𝑆𝑆 = �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 

(3)

where: Ci  – Measures value of respective parameter;  
Si – normal allowable value was given in 
BIS, 2012 for each parameter in mg/l and 
Ci0 is the ideal value.

WQI is calculated with the sub index (SIi) 
with the help of Eq. 4

Error of Ion balance = 

=
∑Cations −  ∑Anions 
∑Caions +  ∑Anions 

× 100 

𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖 =
𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖

∑ 𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛
𝑖𝑖𝑖𝑖=1

 

𝑞𝑞𝑞𝑞𝑖𝑖𝑖𝑖 =
(𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖0 )
(𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 − 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖0 )

× 100 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 = 𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖 × 𝑞𝑞𝑞𝑞𝑖𝑖𝑖𝑖  

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑆𝑆𝑆𝑆 = �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 

(4)

Final WQI is computed by sum of SIi of each 
groundwater samples data as follows Eq. 5

Error of Ion balance = 

=
∑Cations −  ∑Anions 
∑Caions +  ∑Anions 

× 100 

𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖 =
𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖

∑ 𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛
𝑖𝑖𝑖𝑖=1

 

𝑞𝑞𝑞𝑞𝑖𝑖𝑖𝑖 =
(𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖0 )
(𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 − 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖0 )

× 100 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 = 𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖 × 𝑞𝑞𝑞𝑞𝑖𝑖𝑖𝑖  

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑆𝑆𝑆𝑆 = �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 (5)

RESULTS AND DISCUSSIONS

Specific parameters were analysed spatial-
ly and statistically for collected groundwater 
samples of Patancheruvu. The parameters were 

Table 1. Relative weight of chemical parameters

Chemical parameters Bureau of Indian Standards 
(BIS, 2012) Weight (wi) Relative weight

Wi = wi/∑n
i=1 wi

TDS 500 4 0.13333

pH 6.5–8.5 4 0.13333

Hardness 300 2 0.06667

Ca 75 2 0.06667

Mg 30 2 0.06667

Cl 250 3 0.1

SO4 200 4 0.13333

NO3 45 5 0.16667

F 1 4 0.13333

∑wi = 36 ∑Wi = 1
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determined are pH, TDS, electrical conductivity, 
chlorides, calcium, sodium, potassium, magne-
sium, alkalinity, nitrates, sulphates, fluorides, and 
total hardness. Tables 2 shows the Average, Maxi-
mum (Max), Minimum (Min), and standard de-
viation (St.D) values of physicochemical indica-
tors for May and November 2020. The maximum 
and minimum values of the cations and anions re-
flect the degree of chemical heterogeneity of the 
groundwater as a result of the different geochemi-
cal processes present in the study area.

For the month of May pH ranges from 7.1 to 
8.4, while for the month of November pH ranges 
from 8 to 9.5. In the May and November months, 
the normal pH is 8.8 and 8.6, respectively. It 
tells that the pH nature of the water in study area 
slightly having alkaline side. All collected data 
were found that within the adequate range as 
mentioned in BIS, 2012. In the month of May, 
the electrical conductivity (EC) range from 485 to 
5408 S/cm and while in the month of November 
it is ranged from 385 to 5308 S/cm. These ranges 
are happening with and average value of 1715 S/
cm and 1615 S/cm for the month of May and No-
vember respectively. The EC values show that the 
concentration of EC decreases from May to No-
vember, which could be due to dilution during the 
month of November. The presence of salts such 
as Na, Cl, and HCO3 in groundwater explain the 
high EC value.

The major cations and anions are added to-
gether to form total dissolved solids (TDS).  
In this study, TDS ranges from 320 to 3569 mg/l 

for May month with a mean value of 1132 mg/l 
and for November month it is range from 220 to 
3469 mg/l with a mean value of 1032 mg/l. Ac-
cording to BIS, 2012 permissible limit and desir-
able limit of TDS are 2000 mg/l and 500 mg/l re-
spectively. From the results, it is observed that the 
average TDS value is above the desirable limit. 
Approximately 70% and 60% of samples data are 
exceed the desirable limit in the month of May 
and November respectively. Aside from the desir-
able limit, 39% and 35% of the samples data ex-
ceeded the permissible limit. High concentration 
of TDS in the region may be due the presence of 
various industries and anthropogenic activities are 
major concern. The quality of groundwater in the 
region based on TDS and Total hardness (TH) for 
both the months are shown in following Figures. 
From the Figure 2, it is noted that majority of the 
samples was fresh water in nature. High TDS in 
the region may be due the presence of salts like 
Na, Cl, SO4 and HCO3 (Das and Mahanta 2019). 

May month TH variety from 236 to 1637 mg/l 
with a mean value of 667 mg/l, whereas for the 
month of November TH varies from 156 to 1558 
mg/l with a mean value of 644 mg/l. From the 
TH results, it is identified that a greater number of 
water samples date range from hard to very hard 
type. It is also observed that average hardness 
value exceeds the desirable limit.

Calcium (Ca) concentrations varies from 45 
to 360 mg/l in the month of May, and in the month 
of November it varies from 33 to 348 mg/l. The 
mean Ca value in the May month is 105 mg/l and 

Table 2.Physico-chemical statistical analysis of various parameters for May and November 2020

Physico
chemical
indicators

Bureau Indian Standard
(BIS, 2012) May Nov

Desirable limit Allowable 
limit Min Max Ave St.D Min Max Ave St.D

pH 6.5 8.5 7.1 8.4 7.8 0.4 7.0 8.5 7.6 0.4

EC - - 485 5408 1715 1239 385 5308 1615 1239

TDS 500 2000 320 3569 1132 818 220 3469 1032 818

TH 300 600 236 1638 667 363 156 1558 644 389

Ca 75 200 45 360 105 68 33 348 102 72

Mg 30 100 30 214 98 50 18 214 95 55

Na - - 25 545 213 154 54 489 179 140

K - - 5 259 49 46 13 247 40 45

Cl 250 1000 175 850 299 201 265 811 255 192

SO4 200 400 125 1145 230 228 211 1130 224 9

HCO3 200 600 92 620 227 126 199 600 221 123

NO3 45 No relaxation 23 1050 202 241 20 989 198 7.6

F 1 1.5 0.25 2.50 0.96 0.56 0.10 2.35 0.81 0.56
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in November it is 102 mg/l. Ca concentrations de-
crease from May to November, possibly due to 
dilution in rain season happen before November. 
In terms of drinking purposes, the average value 
of Ca is above the desirable limit (i.e. 75 mg/l). 
Furthermore, approximately 75% and 69% of 
water samples data in May and November month 
exceeded the allowable BIS requirements of 200 
mg/l. A high Ca concentration in water may have 
a negative effect on heart diseases.

The concentrations of Magnesium (Mg) var-
ies from 30 to 214 mg/l and 18 to 214 mg/l in 
the month of May and November respectively. 
The average rate of Mg concentrations is 98 and 
95 mg/l in the month of May and November re-
spectively. It is observed that the average Mg 
value is above the desired limit. Approximately 
87% of samples in the May and 73% of samples 
in November month exceeded the desirable limit 
of BIS standards. A high Mg intake may lead to 
Kidney failure.

The concentrations of Sodium (Na) varies 
from 25 to 545 mg/l in the month of May, with 
an average rate of 213 mg/l. In the month of No-
vember Na range from 18 to 214 mg/l, with a 
normal rate of 95 mg/l. Concentrations of Potas-
sium (K) in May month range from 5 to 259 mg/l 
(mean 49 mg/l) and in November month it varies 
from 13 to 247 mg/l (mean 40 mg/l). The con-
centrations of large quantity of K in groundwa-
ter could be formed due to irrigation activities. 
There is no prescribed limits of Na and K, but 
having high quantity of NA in water is a source 
to be salty water.

In the month of May Chloride (Cl) concen-
trations varies from 175 to 850 mg/l, and in the 
month of November the concentrations vary from 
265 to 811 mg/l. The mean value of Cl in May and 
November months are shown as 299 and 255 mg/l 
respectively. The average concentration of CI is 
beyond the desirable value of 250 mg/l. It is ob-
served that collected data are under the allowable 
limit of 1000 mg/l (BIS, 2012). High chloride con-
centrations may result from sewerage waste pollu-
tion and ion leaching from landfill sides.

Concentrations of bicarbonate (HCO3) var-
ies from 92 to 620 mg/l, and 199 to 600 mg/l in 
the month of May and November respectively. 
The average HCO3 concentration is given as 227 
mg/l and 221 mg/l for two seasons respectively. 
Desirable limit of HCO3 is given as 200 mg/l 
(BIS, 2012). The results shown that, the average 
concentration of HCO3 is higher than the desir-
able limit.

Concentrations of Sulphate (SO4) varies from 
125 to 1145 mg/l and 211 to 1130 mg/l in the 
month of May and November respectively. Av-
erage Sulphate (SO4) is 230 mg/l and 224 mg/l 
for two seasons, respectively. The average SO4 
concentration is exceeds the desirable limit of 
200 mg/l. Aside from the desirable limit, approxi-
mately 45% and 38% of samples higher than the 
allowable range of 400 mg/l. High SO4 concentra-
tions caused due to breakdown of organic materi-
als in weathered soils, as well as anthropogenic 
and agricultural activities (Craig and Anderson 
2017). Due to high magnesium in drinking water,  
laxative effect happens and led to unstable of wa-
ter and harm to human system.

Figure 2. Classification of groundwater base on TDS and Total hardness (TH) in May 2020
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Figure 3. Classification of groundwater base on TDS and total hardness (TH) in November 2020

Figure 4. Plot of total cations vs total anions in May

Figure 5. Plot of total cations vs total anions in November

The concentration of Nitrate (NO3) around the 
study area ranged from 23 to 1050 mg/l, with a nor-
mal value of 202 mg/l. NO3 diverse from 20 to 989 
mg/l during November month, with an average of 
198 mg/l. The average NO3 concentration exceeds 

than the allowable value of 45 mg/l. In terms of nitrate 
contamination, the majority of the data is higher than 
the allowable limit (BIS, 2012). The concentration of 
NO3 is high in the study area could be led to a faulty 
sewage system and poor waste disposal management.
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Fluoride (F) concentrations varies from 0.25 
to 2.5 mg/l and 1.10 to 3.35 mg/l, with a mean 
value of 0.96 mg/l and 0.81 mg/l in the month of 
May and November respectively. Approximately 
47% and 39% of the water data were found be-
yond the allowable value of 1.5 mg/l.

Total cations and total anions 

A plot was made between the total cations and 
total anions in milliequivalent for the May and 
November month to check the accuracy of the 
results. The majority of sample points fall along 
an equiline, indicating that the total cations and 
anions are balanced (Figure 4, 5). This graph de-
picts the precision of the chemical analysis data. 
This result was also supported by the ionic bal-
ance ratio.

Hydro chemical facies of groundwater

Groundwater hydrogeochemical lithologic 
investigation is a useful method to defining the 
pattern of flow and chemical characteristics of 

origin in groundwater. For the month of May 
and November, chemical data in milliequivalent 
percentage was plotted in a Chaddah diagram 
(Chadha, 1999). The Chadha diagram, shown in 
figure 6.a, b, identified six facies. According to 
the graph, the most of the water data samples fall 
into classes 6 and 4. Class 6 and 4 have alkaline 
earths (Ca+Mg) that outnumber alkali metals 
(Na+Cl) and strong acidic anions (HCO3+CO3) 
that outnumber weak acidic anions (Cl+SO4), re-
spectively. In both seasons, the dominant hydro 
chemical facies identified by the Chadha diagram 
were Ca-Mg-HCO3 and Na-K-HCO3.

Kriging water quality index (KWQI)

From the results it is observed that WQI ex-
tended from 74 to 508 mg/l with an average value 
of 201 in May 2020, and from 59 to 474 mg/l with 
a mean value of 184 mg/l in November month. 
Table 5 represents the water in the study area and 
its categorisation based on WQI values. Accord-
ing to the WQI classification, approximately 15% 
and 21% of samples in the May and November 

a)

b)

Figure 6. Chadha diagram for month of May (a) and November (b)
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Table 3. Groundwater quality classification based on WQI

WQI (mg/l) Water quality
% of samples

May 2020 May 2020

<120 Excellent - -

121–150 Very Good 15 21

151–174 Good 40 45

175–200 Poor 30 20

201–250 Very Poor 5 6

>251 Not acceptable for
drinking purposes 10 8

Figure 7. (a) Kriging water quality index for May and (b)November

b)

a)
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month respectively, belong to the very good water 
quality. From the WQI results it is observed that 
most of samples, approximately 40% and 45% 
are exhibit the Poor water type in the month of 
May and November respectively. Interestingly, it 
is observed that round 10% and 8% of the sam-
ples data are not acceptable for drinking purpos-
es. Kriging interpolation is performed on the five 
buffer zones of the study area as shown in Figure 
7 (a, b). From Figure 7 (a, b), we can clearly see 
the spatial distribution trend of water quality for 
May and November months. The Kriging Water 
Quality Index (KWQI) map shows depicts six 
classes of water quality, namely excellent: white 
colour (range <120), very good: Beryl green co-
lour (121–150), good: yellow colour (range 151–
174), poor: red colour (175–200), very poor: pur-
ple colour (range 201–250), and not acceptable 
for drinking: blue colour (range >251). Study area 
falls in the good category during two seasons and 
there are no major seasonal variations in the study 
area. Through semi-variance function and Krig-
ing interpolation, it is found that the overall char-
acteristics of each water quality index are telling 
that at south east side water is not acceptable for 
drinking purposes and in west north side water 
is very good condition. We can also see that in 
north east and south west side water is range from 
poor to good condition. From spatial analysis we 
can say that in south east side more significances 
precautions should be taken.

Correlation

In the present study, the correlation coef-
ficient indicates that PH has a positive and sig-
nificant correlation with EC, TDS, TH, Ca, Mg, 

Cl, HCO3, NO3 and negative correlation with Mg, 
Na, and HCO3. Electrical Conductivity has a pos-
itive correlation with TDS, TH, Ca, Mg, Cl, SO4 
and NO3, negative correlation with Mg, Na, and 
Cl. TDS has a bad correlation with Mg and posi-
tive correlation with the rest of elements. Total 
hardness has a negative correlation with Mg, Na 
and SO4 and remaining chemicals are positively 
correlated with TH. Ca has a negative correlation 
with all the chemicals except to its own. Mg has 
a negative correlation with Mg, Na, and SO4 and 
positively correlated with HCO3, Na has a posi-
tive correlation with HCO3, SO4 and negative cor-
relation ship with Cl and HCO3. Na has a negative 
correlation with all the chemicals. As shown in 
the Table 4, the significant or positive correlation 
and negative correlations are estimated with re-
spect to the each other parameter and the empty 
cells represent existing relations vice versa.

CONCLUSIONS

Present study was undertaken to measure the 
groundwater quality of Patancheruvu, one of the 
most polluted cities in Medak District, South In-
dia. The entire study area is characterised by high 
pollution load in terms of almost all the physio-
chemical as well as heavy metals. Most of the 
measured variables exhibited random distribution 
in the groundwater samples and the correlation 
study showed mutual associations among various 
parameters. 

The average TDS value exceeds the desirable 
limit of 500 mg/l (BIS, 2012). Approximately 
39% and 35% of the samples exceeded the per-
missible limit of the BIS standard for drinking. 

Table 4. Correlation among various ground water quality parameters
Parameters PH EC TDS TH Ca Mg Na K Cl HCO3 SO4 NO3

PH 1

EC 0.02 1

EC 0.01 0.09 1

TDS 0.01 0.32 0.81 1

TH 0.05 0.62 0.01 0.62 1

Ca 0.02 0.03 0.82 0.53 -0.52 1

Mg -0.13 -0.01 -0.05 -0.06 -0.42 -0.02 1

Na -0.11 -0.12 0.01 -0.01 -0.01 -0.62 0.09 1

K 0.51 0.02 0.02 0.03 0.04 0.02 -0.12 -0.09 1

Cl 2.08 -0.4 0.01 0.02 -0.01 0.06 -0.32 -0.06 0.38 1

HCO3 -0.42 0.01 0.04 0.35 -0.42 0.91 0.01 -0.04 -0.01 0.04 1

SO4 0.45 0.02 0.02 -0.03 -0.06 -0.22 0.45 -0.15 0.27 -1.12 -0.24 1
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The majority of the samples were discovered in 
nature as fresh water. The presence of salts such 
as Na, Cl, SO4 and HCO3 may contribute to the 
region’s high TDS. The presence of various in-
dustries and anthropogenic activities may result 
in high TDS concentrations. 

The arrangement of major cations is in the fol-
lowing order: Na > Mg > Ca > K. In two months, 
the major anions are Cl > SO4> HCO3> NO3 > 
F. Most of the data exceeded the desirable limit 
for TDS, EC, TH, Na, Mg, SO4, CL, HCO3 and 
Ca. In both months, the dominant facies identi-
fied by the Chadha diagram are Ca-Mg-HCO3 and 
Na-K-HCO3. 

WQI ranged from 74 to 508 mg/l with a mean 
value of 201 in May 2020, and from 59 to 474 
mg/l with a mean value of 184 in November. Ac-
cording to the WQI classification, the most of 
the data in both seasons fell into the Poor to Very 
Poor water category. 

The high concentration of TDS, Cl, and HCO+ 
in the region may be contributing to the high 
concentration of WQI. About 70% groundwater 
sample belonged to the hard water category. It is 
observed that groundwater quality in this area is 
poor, which may be attributed to both anthropo-
genic factors such as septic tank leakage, untreat-
ed domestic discharge, fertilisers from irrigation, 
and waste come from various industries.

To sum up all results, it is conclusion that nec-
essary to carry out the research on the spatial dis-
tribution characteristics of ground water quality 
in the study area. The change of its characteristics 
on the spatial scale will be helpful for in-depth 
analysis of the characteristics of groundwater 
quality.
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