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Abstract
Water is a vital and widely spread component required for sustaining the life. Groundwater is vastly valuable source and it 
is extremely beneficial for the human beings. But, the toxic elements release from sources such as industries, landfills as 
well as non-point causes of pollution such as pesticides and fertilizer from the past year showed high levels of pollution in 
ground water, hence this is very crucial for evaluating the water quality not only for it’s existing usage, but also a its capac-
ity to develop as a sustainable source of water for human utilization. In rural areas of India, Groundwater is a significant 
water-drinking source. In Bhokardan area of Jalna District, quality of ground water is great significance, because it is a 
key alternative source of domestic supply along with drinking water and peoples residing there facing several water qual-
ity issues for drinking purpose. In this current research work, an endeavor has been developed to investigate the quality of 
groundwater as well as spatial distribution by utilizing Remote Sensing along with GIS approaches. Water quality analysis 
was performed for developing the quality index of water, by utilizing 12 quality parameters of water like Alkalinity, pH, 
Electrical Conductivity, Fluoride, Chloride, Nitrate, Sulphate, Potassium, Total Hardness, E. coli, Turbidity and Total Dis-
solved Solids measured at 35 different selected locations in this research work. Spatial distribution map showed that each 
region of research area falls under category of “Poor water” and “Very poor water” except some sites at Northern regions of 
the area which falls under “Good water” category during pre-monsoon, whereas most of the sites from Northern and South-
ern part of the region shifted category from poor to good water along with very poor to poor water during post-monsoon 
season. The quality index data of water of the current research disclosed that, the high WQI “Water Quality Index” values 
in the samples of groundwater were principally due to the occurrence of higher values of turbidity and E. Coli. The higher 
level of water quality parameters like TH, EC, alkalinity, potassium, TDS, chloride and fluoride were also accountable for 
high values of WQI in this research work. None of the location falls under excellent quality for water during pre-monsoon 
as well as post-monsoon season.

Keywords Groundwater · WQI · GIS · Spatial distribution

Introduction

Water quality and water supply have become a significant 
global problem as a consequence of enhanced population 
growth in industrial along with agriculture development and 
existing climate change contributes to shifts in the pattern 
of precipitation (Awodumi and Akeasa 2017). Groundwater 
is among the most critical natural and abundant resources 

and a main water supply source worldwide. Water quality is 
a critical problem for human beings as it is closely related 
to human wellbeing (P. Balakrishnan 2012). Groundwater is 
important not only because of its sustainability but because 
of its consistently high efficiency (Abou Zakhem and Hafez 
2015). Various anthropogenic along with natural behav-
iors such as irrigation methods and practices, geology and 
regional climate are decreasing the quality of water. Rapid 
growth in industrialization and urbanization contributes to 
a degradation of the standard of surface as well as ground 
water (M.S.S. & Reddy, Chinna & Rao, R.S. Venkateshwar, 
Piska,(Srinivas et al. 2000).

Ground water quality is reliant on sub-surface geochemi-
cal procedures, anthropogenic activities, local surface water, 
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precipitation and recharged water quality. Sequential varia-
tions in the composition as well as origin of recharged water, 
human along with hydrologic factors are the major cause 
of changes in quality of groundwater. Quality of water is 
affected by Water pollution as well as hygiene, economic 
development and social capital, risks to human and other live 
species (Milovanovic 2007; Reza and Singh 2010). While 
groundwater supplies have significant part to play in fulfill-
ing water demand in arid- as well as semi-arid areas, many 
of them are being overtaken by over-use (Hosseini Moghari 
et al. 2015). Continuous and satisfactory supplies of drinking 
water from ground aquifer are significant for sustained agri-
culture, industry and domestic use all over large semi-arid 
areas of India (Murthy 2000). Ground water is major source 
of water for the past two decades due to growing demand of 
water, which leads to water shortage. The level of ground 
water is decreasing gradually, due to over exploitation there-
fore this is important to begin investigations concerned with 
ground water qualification and quantification that are the 
main criteria to plan for its management and utilization (Pan-
dian and Jeyachandran 2014). The issues of ground water 
are the big concerns in the all over country. The control of 
developments in essential wetlands, in particular for arid and 
semi-arid environments in India, includes both salinization 
as well as overuse of agrochemicals. Principally, monitoring 
of concentration and trends of Fluoride and Nitrates in the 
aquifers for agriculture, industrialized and wholly polluted 
areas are essential and criteria for contamination must be 
improved (R.M.Bhardwaj 2005).

Biological, chemical as well as physical properties of 
water are well defined the water quality. Until its usage for 
different applications, for example industrial, recreational, 
agricultural, and drinking is essential (Khan et al. 2003). 
WQIs “Water Quality Indexes” are the usually utilized ways 
of measuring the quality state of water. Nevertheless, other 
limitations, such as a lack of appropriate resources or a lack 
of decision-making complexity, restrict such indexes (Hos-
seini Moghari et al. 2015). WQI in the United States has 
been primarily defined by Horton, (1965) by taking into con-
sideration the ten most widely used metrics of water quality 
such as pH, and dissolved oxygen. The method is commonly 
employed and accepted in Asia, Africa and Europe, and has 
been developed to include chloride, alkalinity and electric 
conductivity. The weight assigned represents the value of 
the specific parameter, which has a significant influence on 
the WQI. In fact, an alternative WQI approach same as to 
Horton’s index was produced by some investigators Brown 
et al., (1970) that were based on parameter’s weight. Newly, 
numerous changes have been considered for WQI tools by 
many experts and researcher (Dwivedi et al. 1997; Bhargava 
et al. 1998).

GIS “Geographic Information System” is continu-
ously developing technology and needs more efficient data 

processing and expertise solutions for the unified models 
of environmental simulation. Developments in methods 
for accessing and generating data such as internet, Global 
Positioning Systems along with Remote Sensing (Sweeney 
1997). Proper use of ground water, which is precious but 
shrinking natural resource, requires a systematic plan of 
tapping using modern techniques. The advanced computer 
based and efficient methods for water management have 
evolved, of which RS, GIS and GPS are of great significance 
(Chowdhury et al. 2008). GIS may be a significant tool in 
order to develop resolutions for issues of water resources 
in order to manage resources of water on a regional scale, 
understanding the natural environment, preventing flooding, 
determining water convenience, and evaluating the quality 
of water (C Collet 1996).

The enhanced spatial and spectral resolution sensors 
as well as geospatial modeling approaches, water quality 
constraints like suspended particles, turbidity, algae bloom, 
chlorophyll, as well as mineral content in water bodies such 
as groundwater are tested at low cost and with greater pre-
cision (Ramadas and Samantaray 2018). The space–time 
groundwater content study based on GIS was conducted 
by (Singh et al. 2011b) utilizing the ArcGIS 9.1 Spatial 
Observer module. Awareness on physicochemical physical 
distribution and groundwater depth is an important need for 
water production and management (Gupta and Sarma 2016).

The key motive of this current investigation is for esti-
mating the groundwater quality for drinking purpose using 
Geographical Information System (GIS) as well as Remote 
Sensing (RS) approaches coupled with water quality index-
ing related to significant physicochemical constraints of the 
groundwater from Bhokardan area of Jalna district, Maha-
rashtra, India.

Study area

Bhokardan is a city and municipal council situated on the 
side of the River Kelana in Jalna District of Maharash-
tra State, India. Geographically, research area is situated 
between 21.27°N and 75.77°E. 1276 sq.km is a total geo-
graphical area along with average 587 m elevation (1925 
feet). The sampling sites and research area are presented in 
the rainy season temperature varies between 21 and 30 °C. 
The temperature drops considerably in winter and is about 
10 and 25 °C. Bhokardan taluka’s total annual precipita-
tion is 641.6 mm. Farming in the region primarily relies on 
the south-west monsoon precipitation. The sub-tropical and 
tropical temperate monsoon climate are commonly experi-
enced by the area. The amount of rainfall across the region 
was observed to be more or less consistent. This has been 
researched because much of the study area is landed on agri-
culture. In the northern portion, the forest covers much less 
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region. Wherever developments exist, the build-up region 
is mirrored.

In the present study area, ground water plays an important 
role for irrigation and drinking. In the state of Maharashtra 
more than 70% of the rural areas are dependent on ground-
water. In the same manner, more than 55% of the gross irri-
gated land of the state is subterranean. Several issues has 
been reported regarding quality of ground water by (WRD 
2007a, b; CGWB 2016). Therefore, groundwater has an 
essential part in the economy of the state and thus required 
to be observed systematically both in quality and quantity to 
achieve sustainable management and development. Hence, 
this is essential to conduct a comprehensive study of ground 
water quality for management and proper identification of 
drinking water sources in this research area.

Materials and methods

Sample collection and analysis

The investigation of quality of ground water of Bhokardan 
region of Jalna district was undertaken during 2014–15. 
Total 35 integrated groundwater samples have been col-
lected from open wells within radius of five km form main 
sampling points in post-monsoon as well as pre-monsoon 
seasons. These open wells have been being generally uti-
lized for drinking and irrigation purpose. Sampling has been 
performed utilizing acid washed and pre-rinsed polyethyl-
ene vessels. The location of sampling points was recorded 
by GPS at each location. The water samples collected have 
been examined for EC (electrical conductivity), pH, Alka-
linity, Turbidity, Conductivity, Total hardness, TDS (Total 
Dissolved Solids), Nitrate, Fluoride, Chloride, Phosphate, 
Sulphate along with MPN in laboratory utilizing these 

standard techniques represented by “American Public Health 
Association” (APHA 1998; CPCB 2011; Maiti 2011). In 
order to estimate DO (dissolved oxygen), Samples have been 
congregated in glass (BOD) bottles with stopper separately. 
The temperature of water has been noted on the site. The 
outcomes have been evaluated based on quality standards of 
drinking water stipulated by “Bureau of Indian Standards” 
(BIS 2012).

Calculation of Water Quality Index

WQI “Water Quality Index” has been estimated in three 
steps utilizing weighed arithmetic index approaches (Ram-
akrishnaiah et al. 2009). Firstly, selected 12 water quality 
parameters are very important in assessment of drinking 
water quality as well as has been assigned a wi (weight) 
shown in Table 1. The maximum weight of 5 was allocated 
to parameter MPN and Nitrate because of their significant 
role in WQI. Total hardness as well as potassium, which are 
performed the minimum weight of 2 since it, could not be 
harmful to human health. In next step, Wi (relative weight) 
is calculated by using the next formula.

Here, relative weight is represented by Wi, weight of each 
selected water quality parameter is described by wi, number 
of water quality parameters is represented by n. Table 1 rep-
resents the calculated Wi (relative weight) values of every 
water quality parameter.

In third stage, qi (quality rating scale) for individual water 
quality parameter is computed by dividing it’s observed 
value in respective water sample by its corresponding 

(1)Wi =
wi

∑n

i = 1
wi

Table 1  Showing weight 
assigned and relative weight 
calculated for selected 
parameters

Parameter Standards as per BIS 
& CPCB

wi (Weight) Wi (Relative weight)

pH 6.5 to 8.5 3 0.070
Total Alkalinity mg/l 200 2 0.047
Turbidity (NTU) 1 5 0.116
Total Hardness mg/l as CaCO3 200 2 0.047
Conductivity (µS/cm) 2000 3 0.070
TDS mg/l 500 4 0.093
Sulphate mg/l 200 4 0.093
Fluoride mg/l 1 5 0.116
Chlorides mg/l 250 3 0.070
Nitrates mg/l 45 5 0.116
Potassium mg/l 10 2 0.047
E. Coli [MPN/100 ml] 0 5 0.116

∑ wi = 43 ∑ Wi = 1.000
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standard as per the drinking water guidelines prescribed by 
the BIS (2012) and the outcome is multiplied by 100.

Here, quality rating is defined by qi, concentration of indi-
vidual chemical (Ci) characteristics in every water sample in 
mg/l, as well as Si is the Indian standard of drinking water 
for individual chemical characteristics in mg/l as per (BIS 
2012) guidelines.

Firstly, SI is determined for computing WQI for every 
chemical parameter by multiplying quality rating with rela-
tive weight, finally the summation of sub-index is utilized to 
calculate WQI according to the given formula

Here, sub index (SIi) is the ith water quality parameter; the 
rating qi depends on concentration of ith parameter along 
with number of water quality parameters (n) undertaken for 
calculating GWQI. GWQI values are organized in 5 catego-
ries, “Excellent water” to “Water, unsuitable for drinking” 
as per Table 2.

Data used

A different data product required for the study includes 
Survey of India toposheets 46O/8, on 1:2,00,000 scales 
have been referred during interpretation as well as for base 
map preparation. The research area has been defined using 
Toposheets of 1:2,00,000 by identifying the study area 
boundaries by Scanning, projecting, geo-referencing and 
digitizing toposheets of the area manually using ArcGIS. 
Base map has been organized by visual interpretation uti-
lizing toposheets as well as satellite image data of LISS 
III sensor with a spatial resolution of 23.5 m downloaded 
from open data archive (ISRO/NRSC 2019). Water samples 
have been taken from the area using integrated sampling 
techniques and the co-ordinates were noted down with GPS 
“Global Positioning System”.

(2)qi =
Ci

Si
∗ 100

(3)SIi = Wi ∗ qi

(4)WQI =
∑

SIi

Spatial modeling and surface interpolation 
through IDW

Spatial modeling (an extended module of ArcGIS 10.2) has 
been utilized for interpolating the spatial distribution of 
quality parameters of groundwater. IDW “Inverse Distance 
Weighted” interpolation approach has been utilized for cre-
ating various spatial distribution map of GWQI. IDW algo-
rithm utilized for interpolating data spatially or evaluating of 
observations among measurements. Every observation has 
been projected in an IDW interpolation as well as weighted 
average of the neighboring sample points. The interpolation 
technique used by several investigator in their study was 
IDW (inverse distance weighted) techniques (Tabios and 
Salas 1985; Maciej Tomczak 1998; Mueller et al. 2004).

Results and discussions

Water is essential for life and all creatures residing on the 
earth need to provide a sufficient supply. The physical effects 
will come from purifying exposure to clean drinking water. 
Each attempt will be taken to ensure as healthy as prac-
ticable drinking water. Health experts are vulnerable to 
becoming mindful of a variety of clients in a large amount 
of drinking water sources in the majority of nations, whether 
developed countries or progressive countries. Nevertheless, 
as contaminants causing elevated risk to safety become com-
mon, there may be serious complications, even emergen-
cies, but their prevalence remains uncertain, because their 
long-term health consequences arise from persistent and not 
acute exposure. These occurrences in groundwater arsenic 
in Bangladesh and the State in Bengal in India have been 
reported (WHO 2017a).

Assessing the quality of groundwater is significant due 
to its important aspect determining suitability for industrial 
use, agricultural, domestic, and drinking (Subramani et al. 
2005). The main sources of groundwater pollution such as, 
agricultural area, landfills, hazardous waste disposal sites, 
sewerage systems, with high amounts of unabsorbed ferti-
lizers, pesticides and other contaminants (Pal 2017). Water 
quality is affected by natural as well as human induced 
actions like irrigation, geology and local climate. Due to 
the enhancement in industrialization and urbanization, qual-
ity of groundwater decreases rapidly (Srinivas et al. 2000). 
Human health is affected strongly by quality of water (Amiri 
et al. 2014).

Physicochemical characteristics of groundwater sam-
ples in Bhokardan area has been examined statistically as 
well as outcomes like standard deviation, mean, minima, 
and maxima parameters are depicted in Table 3. The chemi-
cal and physical parameters of the analytical outcomes of 

Table 2  Ground water 
classification based on Water 
Quality Index

WQI Value Water Quality

 < 50 Excellent
50–100 Good water
100–200 Poor water
200–300 Very poor water
 > 300 Water unsuit-

able for 
drinking
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groundwater have been compared to BIS guideline Stand-
ards for public health as well as drinking standards (BIS 
2012).

Turbidity

In water, Turbidity is produced by suspended particulate 
matter like plankton, inorganic and organic matter, silt, clay, 
as well as another microscopic organisms or colloidal mat-
ter, which obstructs light transmission in water (Kavanaugh, 
M. C. 1979; APHA 1998). Below 4 NTU, Turbidity may 
be estimated only utilizing measuring instruments, however 
above 4 NTU, a whitish, black or brown, muddy, suspension 
may be observable. Turbidity is also a significant aesthetic 
water quality characteristics, with turbidity of 4 NTU and 
above affecting the appearance and suitability of drinking 
water to end users (WHO 2011a, 2017a; b).

Turbidity values of the groundwater samples were 
observed between 0.1 and 4.4 NTU and 5 24 NTU and 
throughout both post-monsoon and pre-monsoon season, 
respectively. According to (BIS 2012) permissible limit of 
the turbidity is 1 NTU. All turbidity values obtained during 
pre-monsoon period were beyond permissible limit whereas 
26% of locations showed results beyond permissible limit 
during post-monsoon period. Turbidity above 5 NTU is 
undesirable for aesthetic reasons. Groundwater turbidity 
can be because of inorganic materials like manganese and 
iron. Excess of such inorganic substances are considered 
undesirable because it has adverse effect on water distribu-
tion and sanitation systems (Akhtar et al. 2014). Turbidity 
level should be maintained between 1 and 5 NTU to keep 
desirable drinking water quality (LeChevallier et al. 1981).

pH

In an aqueous solution, pH is controlled by interconnected 
chemical reactions that release or consume hydrogen 
ions (Hem 1985). There is no suggested pH safety guid-
ance. Although pH value does not generally effect on users 
directly, it is one of the most significant constraint in terms 
of work water quality (WHO 2011b). The pH determines 
freshwater acidity and alkalinity. The volume and chemi-
cal composition of both organic and inorganic compounds 
contained in groundwater are primarily tracked (Sadat-Noori 
et al. 2014). In the current investigation, pH values of 97 per-
cent of the samples have been within the permissible limits 
of BIS standards (BIS 2012), whereas 3 percent of sample 
showed beyond the permissible limit. It varies between 5.9 
and 8.0 and 6.1 to 7.9 with an average value of 7.5 and 7.4 
during both seasons, respectively. Average values of pH rep-
resentative slightly alkaline nature of groundwater except for 
two sampling sites near Shipora village show acidic in nature 
for both seasons. This may be because of pollution of ground 

water through seepage of wastewater from the nearby sugar 
industry. The typically pH of the sugar industry effluent was 
in acidic range (< 5.5) as studied by (Poddar and Sahu 2017; 
Sahu 2017; Tiwari and Sahu 2017).

Total dissolved solids

“Total dissolved solids” (TDS) include inorganic salts, 
mainly, chlorides, bicarbonates, magnesium, calcium, 
sodium, potassium, sulphate as well as dissolved amount of 
organic matter in water. The various natural sources includes 
soil, rock and water interaction, and anthropogenic sources 
includes discharge of untreated sewage, industrial wastewa-
ter and urban runoff are main contributors of TDS in drink-
ing water (WHO 2017a). Total dissolved solids are common 
constituent of several effluents, but are typically not well 
defined in terms of either chemical components or toxic-
ity (Chapman et al. 2000). Water with higher TDS used for 
drinking purpose, consumers often reported to have a poor 
taste (Young et al. 1996).

TDS Concentrations from natural sources were observed 
to differ from < 30 to 6000 mg/L (WHO 1996). In the pre-
sent study, for water samples TDS values vary between 
442 and 985 mg/L having 668 mg/ average value in pre-
monsoon season, whereas in the post-monsoon water sam-
ples range vary from 356 to 850 mg/L with an average of 
581 mg/l. Maximum value of 985 mg/L has been seen at 
near Shipora village while minimum value of 442 mg/L has 
been detected at village Hasnabad in pre-monsoon season. 
Maximum value of 850 mg/L was observed at near Shi-
pora village while minimum value of 356 mg/L has been 
detected at village Kumbhari in post-monsoon season. As 
per drinking water standards (BIS 2012) about 60 and 88% 
of samples have been discovered above permissible limit 
in both seasons, respectively. As per classification of water 
quality based on TDS concentration (WHO 1996), only 34% 
groundwater samples were fell into good (300 to 600 mg/L), 
whereas 3 and 63% fell into poor (900–1200 mg/L) and 
fair (600–900  mg/L) category, respectively, not even a 
single sample displayed excellent water quality (Less than 
300 mg/L) for pre-monsoon season. During post-monsoon 
season 63% groundwater samples have been fell into good 
category, whereas 37% fell into fair category, none of the 
sample showed excellent as well as poor water quality as far 
as concern of TDS.

Electrical conductivity

Conductance is a calculation of the electric flow capability 
of water that is specifically related to ion concentration in the 
water (EPA 2012). The greater the salinity amount, the less 
the oxygen absorbed. In sea water, the solubility of oxygen 
at the same temperature is around 20 percent greater than 
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in freshwater (Miller et al. 1988). An abrupt rise or decline 
in conductivity in the water body may indicate pollution. 
Sewage discharge or Agricultural runoff will rise conduc-
tivity because of addition of anions like chloride, phosphate 
and nitrate (EPA 2012). Diurnal electrical conductivity dif-
ferences have also been reported during low-flow cycles 
(Hayashi et al. 2012) and it has also been suggested that EC 
shifts have been triggered by the mixture of chemical and 
biological processes.

In the present investigation values observed for conduc-
tivity during pre-monsoon period ranged from 726.3–1714 
µS/cm at 36 °C, the minimum conductivity values were 
observed at village Hasnabad and Kumbhari with 726.3 and 
740.3 µS/cm, respectively. Conductivity of the groundwater 
for the entire study area stands at an average of 1145 μS/
cm. This data reveals that, there is high solute dissolution 
in groundwater, slow ion-exchange between soil as well as 
water, or basically soluble geologic rock and mineral forms 
in the area. There have been significant period changes in 
EC, which indicate higher values throughout pre-monsoon 
than after post-monsoon seasons that can be due to the high 
evaporation rate during dry season. During post-monsoon 
months, lower conductivity levels are attributed to precipi-
tation dilution. Water leakage from the surface raises water 
concentration in the water body during pre-monsoon season 
and increases electric conductivity (Mandal et al. 2019).

Total hardness

Hardness is defined as the water capacity in order to react 
with water, but for producing a lather, hard water required 
significantly extra soap (WHO 2009). As per Indian stand-
ards, in water the limit for total hardness for human con-
sumption (BIS 2012) is 500 mg/L. In this current research 
work, the observed total hardness range was 60 to 134 mg/L 
and 67–192  mg/L in both seasons, respectively. Every 
research locations for post as well as pre-monsoon period 
showed results for total hardness well below the standard 
limit as per Bureau of Indian Standard. The total hardness 
amount reported in the pre-monsoon season was found to 
be above that in the post-monsoon season. Water is classi-
fied as per contain of hardness. Calcium carbonate present 
in water at below 60 mg/L concentrations is usually called 
as soft water; concentrations more than 180 mg/L is known 
as very hard; 120 to 180 mg/L, hard; 60 to 120 mg/L, mod-
erately hard (McGowan 2000). As per these classifications 
the ground water under studied for pre-monsoon period, 
80% of locations placed in the category of moderately hard 
while 14% and 3% showed hard and very hard category, 
respectively. Almost 86% of groundwater samples out of 
35 collected fall into moderately hard category whereas 9% 
and 5% fall into hard and soft category, respectively, for pre-
monsoon period. Magnesium and Calcium dissolution from 

natural sources are removed to such a large degree that basalt 
cover the most of regions of Maharashtra and the capac-
ity for sulphate and chloride from aquifers in groundwater 
is very small. This can be discharged from anthropogenic 
sources into groundwater (WRD 2007b).

Chloride

The salts such as NaCl (sodium), KCl (potassium) and  CaCl2 
(calcium), are chloride containing and commonly spread in 
nature. The weathering cycle absorbs chlorides from several 
rocks into the water and soil (WHO 1996). Based on the fol-
lowing, cation is the sensation of taste threshold of chloride 
anion in water. Sense of perception thresholds for sodium 
and calcium chloride in water are in the array 200–300 mg/L 
(Zoeteman BCJ 1980). The anthropogenic sources of chlo-
rides in groundwater is inorganic fertilizer made with pot-
ash, sewage contamination and industrial effluents landfill 
leachates, animal fodders, irrigation drainage. Sodium chlo-
ride is broadly used in the manufacturing in industries to 
producte useful chemicals like; sodium hypochlorite, sodium 
chlorite, chlorine, and caustic soda. Magnesium chloride, 
calcium chloride and sodium chloride, are widely utilized 
in ice and snow control. Potassium chloride is utilized for 
the manufacturing of fertilizers (Department of National 
Health and Welfare (Canada) 1978; Mullaney et al. 2009; 
Kelly et al. 2012; Perera et al. 2013; Granato et al. 2015). 
Chlorides are essential for observing the contamination of 
ground water by wastewater. In this present study, the maxi-
mum value of Chlorides, i.e., 298.1 mg/L has been observed 
at village Anwa, whereas minimum value of 54.2 mg/L has 
been observed at village Gokul in post-monsoon period. The 
maximum value of 521 mg/L has been seen at Bhokardan, 
whereas minimum value of 98 mg/L has been observed at 
village Kumbhari in pre-monsoon season.

In post-monsoon, the average value of chloride is higher 
than to pre-monsoon because of increasing level of water 
which dissolves more salt from soil in post-monsoon periods 
(Ramesam 1982; Ballukraya PN 1999). Chloride is required 
to be below 250 mg/L in drinking water (BIS 2012). As per 
drinking water standards about 37% and 8.5% of samples 
have been found above permissible limit in both seasons, 
respectively. The presence of chloride in slightly higher 
amounts at some sites can be because of both natural as well 
as anthropogenic procedures such as passageway of water 
through natural salt formations in the beneath the ground 
and discharge of untreated sewage (Renn 1970). The physi-
cal processes like intercourse with other aquifer of diverse 
chloride concentration as well as change in evaporation rate 
throughout recharge moreover temporally or spatially can 
cause the changes in the chloride content of groundwater 
(Kumar et al. 2006). At crystalline rock sites chloride shows 
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the most significant increase of all ions with increasing 
deepness in groundwaters (Frape et al. 2003).

Fluoride

Fluorides are available in many waters, but mostly observed 
at higher concentrations in the groundwaters. The fluoride 
concentration in natural water varies from 0.01 to 7.20 mg/l. 
Many areas of the world are abundant in fluoride content, 
well water can be contained fluoride at a concentration of 
about 10 mg/l. In several areas of the world, particularly 
areas of Americas, Central Africa, China, and India high 
fluoride levels can be found, although in other parts of the 
world there are lower concentrations. For groundwater, the 
fluoride amounts are derived from various rock from which 
the water runs but typically may not reach 10 mg/l; highest 
natural level reported is 2800 mg/l (Sloof et al. 1988; Gaciri 
and Davies 1993; Indermitte et al. 2009; Mohapatra et al. 
2009; WHO 2011a; Katla and Saxena 2016; Kumar et al. 
2019; Panda et al. 2019). Constant water–rock percolations 
of fluorite-bearing rocks in arid, low precipitation and high 
temperature also contributed to an increased evaporation 
cycle which led to a large amount of fluoride in groundwa-
ter (Machender et al. 2014). Fluoride is primarily added to 
the drinking water by different geological process. Fluoride 
influences teeth greatly by preventing and minimizing tooth-
worsening hazards at low concentrations (Arumugam 2010), 
while fluoride concentrations above 1.5 mg/l can induce 
fluorosis in drinking water (BIS 2012).

In the study area, fluoride was detected in almost all sam-
ples and its concentration ranges from 0.5 to 1.2 mg/l during 
pre as well as post-monsoon period that is within desirable 
limit for drinking usage. pH values of groundwater in the 
present study area are varies between 7 and 8.5, that gives 
favorable environments for fluoride enrichment. Dissolution 
of F bearing minerals (principally  CaF2) in groundwater is 
favored by high pH values (Chen et al. 2017). The absorp-
tion of fluoride into soils and rocks may be liable, since 
normal leaching and weathering are taking place, for the 
large concentration of fluoride found in surface water (Goyit 
et al. 2018). In India, the principal cause of high fluoride 
rates is the weathering of primary rocks and the liquida-
tion of fluoride-containing minerals, typically correlated 
with low calcium levels and high bicarbonate ions (Ayoob 
and Gupta 2006). Mamatha & Haware, (2013) also reported 
fluoride concentration ranged from 0.2 to 3.0 mg/L ground 
and surface water of Mysore, Karnataka, India. In ground-
waters, the high level concentrations of fluoride was reported 
more than 20 developing and developed countries, including 
India, high fluoride concentrations were recorded where 19 
areas of India have been faced with serious fluorosis issues 
(Meenakshi and Maheshwari 2006).

Nitrate

Nitrate is normally found in the terrestrial environment 
and is an essential nutrient of the plants. High nitrate level 
can be observed in both surface water and groundwater as 
a result of various agricultural and allied activities signifi-
cantly which includes excess use of inorganic nitrogenous 
fertilizers and manures as well as disposal wastewater by 
specific industries (Li et al. 2020). Degradation of nitrog-
enous waste products in animal and human excreta, such as 
septic tanks significantly add nitrates to the water. Surface 
water nitrate levels may rapidly increase due to surface rinse, 
phytoplankton absorption and nitrate denitrification by bac-
teria, but groundwater nitrate levels typically exhibit slow 
changes. Groundwaters may also have nitrate contamination 
as a result of leaching from natural foliage (WHO 2011c). 
The concentration of nitrogen in groundwater is also derived 
from the biosphere (Saleh A, Al-Ruwih F 1999). The chief 
source of nitrate in groundwater is leaching of nitrate with 
the permeating water due to the numerous agriculture and 
anthropogenic activities. Groundwater can also be contami-
nated by sewage and other wastes rich in nitrates (Amiri 
et al. 2014; CGWB 2014). The shallow groundwater samples 
had nitrate resulting mostly from soil nitrification. Sewage 
and manure also contribute nitrate in ground water (Rock 
and Mayer 2002). Almost all the cases of excessive nitrate 
build-up in shallow ground waters were due to the downward 
leaching of nitrogen by surface water as reviewed in report 
of CGWB (2014).

In the study area, nitrate concentration varies from 28.5 
to 145.7 mg/l and 22.9 to 234.9 mg/l with an average value 
of 64.7 and 108.2 mg/l for pre-monsoon and post-monsoon 
period, respectively. As per Bureau of Indian Standards, 
drinking water standard for nitrate is 45 mg /l. The inves-
tigation revealed that, 85 and 92% of ground water sources 
of the study area showed nitrate level beyond the maximum 
allowable limit for drinking purpose in pre-monsoon and 
post-monsoon period, respectively. (Wagh et  al. 2020) 
observed that 52.5 and 65% groundwater samples ground-
water from Kadava River Basin Nashik, Maharashtra, India 
during pre and post-monsoon period was unfit for drinking 
due to of high nitrate concentration exceeding the permis-
sible limit of nitrate (> 45 mg/l) recommended by the (BIS 
2012). The reviewed studies by (Gupta et al. 2011) revealed 
that nitrate pollution is becoming more predominant in 
groundwater of Maharashtra. Water quality data during the 
period 2007–2009 depicted those 544 locations out of 1407 
locations exceeded the permissible limit of 45 mg/l, for 
drinking purpose prescribed by BIS. Higher level of nitrate 
might have been either due to overuse of fertilizers or due 
to leaching (Anku et al. 2009; Singh et al. 2010). Increasing 
concentration of nitrate were associated with greater well 
depth and higher percentage of agricultural land use (Kent 
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and Landon 2013). According to fact sheet of the European 
Union (EU) on agri-environmental indicator water quality 
nitrate pollution, there was declining trends in groundwater 
nitrate typically be due to improvements in the management 
of agricultural field (EUROSTAT 2012). Individual wells in 
agricultural zones throughout the world particularly contrib-
ute to nitrate related toxicity problems and nitrate levels in 
the well water often exceed 50 mg/l (WHO 2011c). The high 
concentration of nitrate in drinking water has adverse effects 
on human health and causes and gastric carcinomas and 
blue baby syndrome in children which is commonly known 
as Methemoglobinemia (Comly 1945; Gilly G, Corrao G 
1984). The concentration of nitrate in the present study was 
observed higher than those reported by (Jinwal and Dixit 
2008; Boateng et al. 2016).

Sulphate

Sulphate occur naturally in several minerals and are used 
commercially, mainly in the various chemical industries. 
They are discharged into water by industrial wastes and 
through atmospheric deposition; though, the highest lev-
els generally occur in groundwater mostly are from natural 
sources. In addition, groundwater that has been polluted with 
fertilizer and industrial effluent may also comprise ammo-
nium sulphate (Ingham 2013). Taste enhancement varies 
with the properties of the associated cation; taste thresh-
olds have been found to range from 250 mg/l for sodium 
sulphate to 1000 mg/l for calcium sulphate. It is commonly 
considered that taste impairment is minimal at levels below 
250 mg/l. No health-based guideline value has been derived 
for sulphate (WHO 2011a; Krishna kumar et al. 2015).

In ground water of the study area, concentrations of sul-
phate varied from 11.5 to 139.3 mg/l and 11.28 to 140.5 mg/l 
with an average level of 79.32 and 77.12 mg/l during pre-
monsoon and post-monsoon period, respectively. The 
observed levels of sulphate in all groundwater samples from 
the study area was well below permissible limit of 200 mg/l 
and 250 mg/l prescribed by (BIS 2012) and (WHO 2017a), 
respectively. Sulfur is generally present in reduced forms in 
igneous, sedimentary and metamorphic rocks as metallic 
sulfides. This sulfur converted to sulphate when weathered 
in contact with aerated water. Water in igneous and meta-
morphic rocks usually comprises less than 100 mg/L sul-
phate, but sedimentary rocks can contain much higher levels 
of sulphate (Fytianos and Christophoridis 2004).

Groundwater samples are undersaturated with respect 
to gypsum and gypsum dissolution, thus leading to an 
increased level of calcium and sulphate along groundwater 
flow direction (Bucher K 2000; Ingham 2013; Nassery and 
Kayhomayoon 2013). Other than this, overuse of sulphate 
fertilizers and surface runoff from agricultural field can be 
considered as a secondary source of increasing sulphate 

concentration in groundwater (Amiri et al. 2014). Irrigation 
water sources had a significant effects on the increase in the 
level of sulphate at the shallow groundwater, particularly 
when groundwater with elevated concentrations was used 
for irrigation (Liu et al. 2013).

Potassium

Potassium is an important element required in humans. 
Potassium generally available in the environment, includ-
ing all natural water resources. It can also observe in drink-
ing water due to the application of potassium permanganate 
as an oxidant in water treatment process. It is not consid-
ered essential to establish a health related standard value 
for potassium in drinking water while potassium may cause 
some health effects in susceptible individuals, potassium 
intake from drinking water is well below the level at which 
antagonistic health effects may occur (WHO 2017a). In the 
present investigation, Potassium concentration ranges from 
3.7 to 20.3 mg/l with an average value of 8.1 mg/l during 
pre-monsoon period and 0.5 to 10.9 mg/l with an average 
value of 3.13 mg/l during post-monsoon period. As per 
(WHO 2004), the maximum allowable limit for potassium 
is 10 mg/l. Potassium concentrations were higher in the 
pre-monsoon period compared to the post-monsoon sea-
son. The concentration of potassium at a most of locations 
is unusually within permissible limit. Comparable results 
were observed by (Singh et al. 2011a, b; Shanmugasund-
haram et al. 2017). The higher concentration of potassium in 
ground water may be due to salt patches present geogenically 
and fertilizer leaching or percolating through the sub-surface 
(Selvam et al. 2014). The potassium level observed in the 
groundwater samples may be due to the weathering of potas-
sium bearing minerals or some cation-exchange processes 
and agricultural activities (Guo and Wang 2004; Singh et al. 
2006).

Escherichia coli

E. coli is present in large numbers in the normal intestinal 
flora of humans and animals, where it normally causes no 
harm. Though, in other parts of the body, E. coli can be 
responsible for serious illness, such as urinary tract infec-
tions, bacteraemia and meningitis. Total coliforms can also 
live and grow in water distribution systems, mostly in the 
presence of biofilms (WHO 2011a). As per (WHO 1997; 
BIS 2012) E. coli should not be present in at all 100 ml sam-
ple. In the present study, E. coli is determined by multiple 
tube (Most Probable Number) method. It was significantly 
detected at 37% and 71% of locations during pre-monsoon 
and post-monsoon period, respectively. The highest values of 
E. coli may be attributed to surface runoff from urban areas 
and percolation process, signifying that the bacteriological 
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Fig. 1  The location map of the study area
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water in these areas was not safe and required treatment 
before drinking. The highest faecal coliforms 16 and 26 
was observed at Bhokardan in pre and post-monsoon sea-
son, respectively. Bhokardan city is the only part of the study 
area which falls under urban site. Studies were conducted 
in groundwater by (Cook and Bolster 2007) concluded that 
Escherichia coli survival was the greatest when the total dis-
solved nitrogen (12 mg/l) was high. Similarly, high nitrate 
level was detected in the present study area which may be 
reason for observed values of E. coli.

Water Quality Index (WQI)

Water quality index is one of the most successful tools to 
represent information on the quality of streams, lakes or 
any water body. WQI is a scientific equation used to trans-
form large number of water quality data into a single num-
ber which is easily understandable to lay man (Štambuk-
Giljanović 1999; Tyagi and Sharma 2014). It serves the 
understanding of water quality issues by integrating complex 

data and generating a score that describes water quality sta-
tus (Reza and Singh 2010). WQI value is computed for the 
suitability of surface and groundwater for domestic uses 
human (Sahu and Sikdar 2008; Ravikumar et al. 2011). 
To get a complete picture of the quality of the groundwa-
ter, water quality index is one of the most operative tools 
(Tiwari, TN and Mishra 1985). WQI tool has effectively 
employed by various investigators worldwide (Soltan 1999; 
Khan et al. 2003; Singh et al. 2006, 2011b; Sahu and Sikdar 
2008; Ramakrishnaiah et al. 2009; Srivastava et al. 2012; 
Ketata et al. 2012; Pei-Yue et al. 2012; Abou Zakhem and 
Hafez 2015; Boateng et al. 2016; Shah and Joshi 2017; Şener 
et al. 2017; Dandge et al. 2018; Kumari and Sharma 2018).

For the present investigation calculated WQI val-
ues are classified into five types namely, Excellent water 
(WQI < 50), Good water (50 < WQI < 100), poor water 
(100 < WQI < 200), very poor Water (200 < WQI < 300) 
and water unsuitable for drinking purpose (WQI > 300). 
The water quality index data of the present study revealed 
that, 17% groundwater sources were of good quality, 40% 

Fig. 2  Spatial distribution of TDS in ground water during pre and post-monsoon season
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had poor water quality, 29% exhibited very poor water qual-
ity and 14% showed water unsuitable for drinking purpose 
during pre-monsoon season while 62% groundwater sources 
were of good quality, 20% had poor water quality, 9% exhib-
ited very poor water quality and 9% showed water unsuit-
able for drinking purpose during post-monsoon season. The 
high WQI values in groundwater samples were principally 
due to the occurrence of higher values of turbidity and E. 
Coli. The higher concentration of water quality parameters 
like total dissolved solids, electrical conductivity, total alka-
linity, potassium, total hardness, fluoride and chloride also 
accountable for high WQI values in the study area. None of 
the location falls under excellent water quality during pre 
and post- monsoon period. The study reveals that the quality 
of groundwater was better during the post-monsoon season, 
as compared to that of pre-monsoon season. Similar results 
were observed by (Khan et al. 2015). The study reveals 
that the quality of groundwater was far better during the 

post-monsoon season, as compared to that of pre-monsoon 
season (Figs. 1, 2 and 3).

Figures 4 and 5 shows the spatial distribution of GWQI in 
the study area, based on inverse distance weighting (IDW) 
interpolation. The spatial map depicted that all part of the 
study area falls under the category of “Poor water” and very 
poor water except villages Padmavati, Wadhona and Jaid-
evwadi at Northern part of the area which falls under the 
category of “Good water” during pre-monsoon, whereas 
most of sites from Northern and Southern part of the region 
shifted their category from poor to good water and very poor 
and poor water during post-monsoon season. As per WQI 
data, worse quality of ground water was observed at Bhok-
ardan and near Shipora village in pre and post-monsoon sea-
son. seasons. Analogues trends were observed by several 
investigator (Jinwal and Dixit 2008; Rajankar et al. 2011; 
Dutta and Singh 2015; Khan et al. 2015; Sharma et al. 2017; 
Verma et al. 2018, 2020). None of the site falls under the 
excellent category during both seasons in present study area.

Fig. 3  Spatial distribution of fluoride in ground water during pre and post-monsoon season
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Conclusion

Groundwater quality and its suitability for drinking purposes 
in Bhokardan area has been evaluated. The water quality 
index data of the present study revealed that, 17% groundwa-
ter sources were of good quality, 40% had poor water qual-
ity, 29% exhibited very poor water quality and 14% showed 
water unsuitable for drinking purpose during pre-monsoon 

season while 62% groundwater sources were of good quality, 
20% had poor water quality, 9% exhibited very poor water 
quality and 9% showed water unsuitable for drinking pur-
pose during post-monsoon season. The high WQI values in 
groundwater samples were principally due to the occurrence 
of higher values of turbidity and E. Coli. The higher con-
centration of water quality parameters like total dissolved 
solids, electrical conductivity, total alkalinity, potassium, 
total hardness, fluoride and chloride were also accountable 

Fig. 4  Showing spatial distribu-
tion of GWQI during pre-mon-
soon season
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for high WQI values in the study area. E. coli was signifi-
cantly detected at 37% and 71% of locations during pre-
monsoon and post-monsoon period respectively, therefore it 
is recommended that, not to consume water without proper 
treatment. Ground water quality is badly affected at many 
places due to high concentration of some parameters, espe-
cially nitrate and E. coli. Suitable sanitary defense to the 
wells used as a source of drinking water may be provided to 
control the nutrients’ contamination. The spatial distribu-
tion map showed that all parts of the study area falls under 

the category of “Poor water” and “Very poor water” except 
villages some sites at Northern part of the area which falls 
under the category of “Good water” during pre-monsoon, 
whereas most of the sites from Northern and Southern part 
of the region shifted category from poor to good water and 
very poor to poor water during post-monsoon season. Worse 
situation was observed at centrally located sites near Shi-
pora village and Bhokardan. Significantly, minimum WQI 
for the post-monsoon season was observed as compared 
to pre-monsoon season, demonstrating worsening overall 

Fig. 5  Showing spatial distribu-
tion of GWQI during post-
monsoon season
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quality of the groundwater in corresponding season. The 
study revealed that, groundwater from only 17% locations 
was good for domestic use in pre-monsoon season, thus sig-
nifying the need of suitable treatment before use it for drink-
ing purpose. In conclusion, from the outcomes of the present 
study it may be said that exhaustive groundwater analysis 
should be conducted frequently to monitor the rate and kind 
of pollution. It is need of human to expand awareness among 
the people to maintain the groundwater at their highest qual-
ity, and purity levels. The higher values of WQI observed in 
the numerous groundwater samples of the Bhokardan area 
of Jalna district, indicated that water is not suitable for direct 
drinking, and it is essential to apply sustainable treatment 
of raw water by various appropriate physical and chemical 
processes before it’s utilization for drinking purpose.
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