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Abstract
Consumption of poor quality water causes serious human health hazards. Therefore, it is very crucial to investigate factors
influencing the quality of groundwater and its suitability for drinking purpose. In the present study, groundwater quality of the
Dhenkanal district of Odisha, India was characterized and the spatial distribution of different water quality parameters were
analyzed using the multivariate statistics, entropy theory, and geostatistics techniques. In the present study 112 number of
groundwater tube well samples were collected from the study area. The entropy theory revealed that SO4

2−, Mg+2 and Cl− were
the most influencing parameters. A similar observation was also observed based on the correlation coefficient analysis.
Groundwater quality index (GWQI) and entropy-weighted water quality index (EWQI) classifications indicated that 78.57 and
43.75% of the collected groundwater samples were categorized under excellent water quality, whereas, the rest of the samples
were varying from good to medium drinking water quality. In addition, the result of EWQI classification offers more realistic
assessment than that of GWQIs owing to its high precision, simplicity and without application of artificial weight. The correlation
coefficient between Ca+2 and HCO3

−, Mg+2 and PO4
− were significantly high which might be due the presence of CaHCO3 and

MgPO4 in the groundwater samples. The GWQI revealed a weak spatial dependence of groundwater quality.
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Introduction

Groundwater is one of the major sources of drinking water
in the planet (Li et al. 2016). However, wide spread pol-
lution of groundwater seriously deteriorated its quality
rather its quanitities. In general, quality of ground water
primarily governed by dissolution of rocks, soil water
interaction, degrees of precipitation, quality of discharge
and recharge of water (Wagh et al. 2017). Due to the

potential toxicity effects of uranium on human health par-
ticularly on kidney and in bone tissues thus,traces of natu-
rally occurring uranium in groundwater is a deep concern
(Kumar et al. 2018a). The permissible limit of uranium in
drinking water is 30 μg l−1 (WHO 2011). Dhenkanal is a
semi-arid region, the main stream of this population depend
on open dugwells or tube well water for domestic applica-
tion. The rapid and unplanned urbanization, leaching of
industrial waste, agricultural runoff, environmental changes
and climatic variations in the study area influence the
quality of groundwater. Therefore, the characterization of
groundwater quality and its regular monitoring is very
crucial for sustainable groundwater resource management.
In literature, various techniques have been applied for the
assessment of groundwater quality and decision-making
(Nihalani and Meeruty 2020; Gosetti et al. 2019). However,
groundwater quality index (GWQI) is a very popular and
widely used method (Yan et al. 2014). Although GWQI
technique has been effectively employed by many
researchers, however, the weights of the groundwater
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quality parameters are assigned based on the judgment of
expert, as a result, a lot of valuable data get ignored (Amiri
et al. 2014). Further, GWQI technique deals with a lot of
prejudice and uncertainty associated with various environ-
mental issues. For instance, without any valid scientific
explanation in the index equations some of the parameters
can influence the result of GWQIs drastically; consequently,
it is very difficult to take an appropriate decision (Islam
et al. 2017a). Similarly, a set of pair analysis model (Feng
et al. 2014), kriged model (Fallah et al. 2019), fuzzy logic
model (Kamrani et al. 2016), multivariate statistics (Pan
et al. 2019), and analytic hierarchy procedure (Hosseini-
marandi et al. 2014) have been employed to evaluate the
feasibility of water quality. However, in these methods too
many factors are required and the quality of groundwater
cannot be determined appropriately.

Therefore, it is very crucial to develop an innovative
groundwater quality indexing approach, which can offer
correct and exact information on decision-making. The
entropy-weighted water quality index (EWQI) is a potential
tool to analyze the quality of groundwater properly and can
reveals the relationship between two samples (Islam et al.
2017a). Therefore, comparative study involving GWQI and
EWQI classifications is one of the most promising strategy
(Gorgij et al. 2017; Su et al. 2018; Amiri et al. 2014). In
contrast, geostatistical model like IDW (inverse distance
weighting) is a quick, deterministic, and exact local inter-
polator (Johansson 2000) and has been widely applied to
analyze the water quality parameters and its spatial varia-
tions. Analyzing the water quality parameters and their
spatial distribution is very crucial for decision making in
any particular constituency. However, it has not been
investigated yet in the Dhenkanal district of Odisha, India,
using the GWQI, EWQI and IDW methods along with the
geostatistical approaches. Thus, in this study, the ground
water quality ranks and its spatial variations have been
evaluated.

Material and methods

Study area description

Dhenkanal district is located in the central part of Odisha. It
lies between latitude: 20° 29′ to 21° 11′ North and longitude:
85° 58′ to 86° 2′ East. The total geographical area of Dhen-
kanal district is 4452 sq.km. As per 2011 census report, the
population density is 268 (per sq. km). Most of the area is
occupied with dense forest and hills. The climatic condition is
hot and dry, semi-humid type. The average annual rainfall of
the district is 1472mm. The soil of the study area is pre-
dominantly sandy loam, red lateritic and alluvial in nature.The
major source of water is primarily from deep and shallow

aquifers extracted through deep and shallow wells (Ground-
water information booklet of Dhenkanal distinct 2013).

Groundwater sampling and analysis

All the chemicals and reagents used in the present study were
either of laboratory grade or of the analytical grade procured
from Sigma Aldrich USA, Hi-media (India) and Merck
(India). Systematic grid sampling technique was adopted in the
present study to avoid any bias in the sampling. Smaller is the
grid size, better is the resolution and interpretation. Con-
sidering the cost-effectiveness of the analysis an optimized
grid size of 6 × 6 km2 was implemented in the present geo-
chemical study which is better than the national and interna-
tional recommendations. Samples were collected adjacent to
the population habitats as the objective of the present study to
assess the level of contaminations and their impact on the
public. Therefore, the distance between the samples varies
while the average distance is around 6 km between the two
samples. The grid map of the study area is shown in Fig. 1.
Based on the grid map 112 number of groundwater samples
were collected in previously acid washed (15% v/v HNO3)
high-density polyethylene (HDPE) bottles during the month of
April to June. Prior to the collection of water samples, these
tube wells were pumped for few minutes to remove any
stagnant water.

In situ parameters such as; pH, temperature, dissolved
oxygen, electrical conductivity, salinity, oxidation reduction
potential (ORP) and total dissolved solids (TDS) were esti-
mated in the spot of the sampling location employing portable
multi-parameter water analysis kit (Model; Q40d Dual input
Cat:8506000+MTC10101, Make HACH CO, USA). A
hand-held Global Positioning System was used to record the
geographic position of the sampling point (Model Etrex 20 and
Make; Gramin). Similarly, a radiation survey meter (Model
PM-1405, Make-Polymaster, Belarus, Ltd) was employed to
detect gamma radiations from each sampling point.

In order to estimate the concentration of uranium in the
ground water samples, a 100 ml of water sample was
acidified using nitric acid followed by filtration using
0.45 µm membrane filter. Then the concentration of ura-
nium was measured by LED Fluorimeter by adding fluor-
escent enhancing agent (Model: LumexFluorate −02 −4M,
Make:LumexFluorate, Russia). The concentrations of ura-
nium in the collected samples were further rechecked in
Health Physics Unit of Jaduguda and BARC, Mumbai,
India. In order to estimate other water quality parameters, a
500 ml of sample without acidification was filtered by using
0.45 µm membrane filter. Concentration of nitrate was
measured using ion selective electrode methods (Model;
Orion Star A214 pH/ISE bench top meter and Orion nitrate
electrode Model: Orion 9796 BNOP Make:Thermo Fischer
scientific USA). Sulfate concentration was estimated using
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gravimetric techniques as described by CPCB India.
Hardness, alkalinity and chloride concentrations were ana-
lyzed by titration method (APHA 2005). While phosphate
concentration was measured using ascorbic acid method
(APHA 2005). Fluoride concentration was estimated using
ion selective electrode methods (Model: Orion Star A214
pH/ISE bench top meter USA, Fluoride ion selective
Electrode Model: 9609BNWP, Make:Thermo Fischer sci-
entific USA). A double beam UV-visible spectrophotometer
was used for all the spectrophotometric measurements
(Make: USA Model; Thermo Evolution 220). The experi-
ments were performed in triplicate and the average results
are reported with a standard deviation of ±2.4%.

Analysis of water quality parameters using water
quality indices

Entropy water quality index (EWQI)

Entropy theory is based on the measurement of uncertainty.
EWQI method reveals the arbitrariness of an event in terms
of mathematical expression, and over comes any technical
difficulty arises due to application of other techniques for

evaluation of groundwater quality. In the present investi-
gation, EWQI has been utilized to characterize the
groundwater quality due to its reliability, high precision and
simplicity (Amiri et al. 2014; Gorgij et al. 2017; Islam et al.
2017b). In general, three steps are used to compute the
EWQI which signifies the weight of each parameter as
shown in equation (1) (Li et al. 2010).

X ¼

x11 x12 � � � x1n
x21 x22 x2n

..

. . .
. ..

.

xm1 xm2 � � � xmn

2
66664

3
77775 ð1Þ

The eigenvalue matrix X is determined in the first step, X is
related to hydro-chemical parameters of m number of water
samples in equation. 1. The matrix X, can be expressed as
standard-grade matrix Y, as shown below in equation 2

Y ¼

y11 y12 � � � y1n
x21 x22 y2n

..

. . .
. ..

.

ym1 ym2 � � � ymn

2
66664

3
77775 ð2Þ

Fig. 1 Grid map of Dhenkanal district of Odisha at 6 × 6 km2 sampling interval
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The parameter index value ratio of j and ith sample can be
determined as Eq. 3 given below.

Pij ¼ Yij=
Xm
i¼1

Yij ð3Þ

The information entropy, ej, can be expressed by Eq. 4.

ej ¼ 1
lnm

Xm
i¼1

Pij lnPij ð4Þ

The effectiveness of the parameter, j index increases with
decrease in the amount of entropy. The entropy weight, wj,
of each parameter can be determined from Eq. 5 as shown
below.

wj ¼ 1� ejPn
j¼1 1� ej

� � ð5Þ

In the second step the quantitative rating scale, qj for
each parameter is expressed as shown in Eq. 6.

qj ¼ Cj

SJ
X100 ð6Þ

Where, Sj denotes the Bureau of Indian Standard (BIS)
water quality permissible limit of the parameter j (mgl−1)
and Cj represents the concentration of the parameter j (mgl
−1). The calculation of EWQI can be made in the third step
by employing Eq. 7.

EWQI ¼
Xn
j¼1

wjqj ð7Þ

Accordingly the groundwater quality can be categorized
into five different ranks varying from extremely poor to
excellent (Wu et al. 2011).

Groundwater quality index

The combined effect of diffrent groundwater physico-
chemical parameters on the drinking water quality can be
successfully analyzed by GWQI method (Bodrud-Doza
et al. 2016). In this study, the standards for the drinking

water quality were used as per the recommendation of BIS
(2012). The quality of groundwater was analyzed according
to Vasanthavigar et al. (2010) as shown in Eq. 8.

GWQI ¼ P
SIi ¼

P
WiXqið Þ

¼ P wiPn

i¼1
wi

� �
X Ci

Si
X100

� �� 	 ð8Þ

Where,Wi represents the relative weight, qi denotes water
quality rating, Si is the Indian standard and Ci stands for
concentrations of each parameter. SIi represents the sub-
index of ith parameters. According to Kamrani et al. (2016),
the groundwater quality can be characterized into five
different classes/ranks on the basis of GWQI values as
presented in Table 1.

Inverse distance weighting (IDW)

The geo-statistical model reveals the spatial distribution of the
groundwater quality parameters. The universal IDW (inverse
distance weighing) model is one of the most favorable geo-
statistical methods used for mapping of groundwater quality.
Numerous geospatial interpolation techniques are available for
converting point data into spatially interpolated thematic maps.
IDW, kriging and Semivariagram are the popular techniques
for this purpose. Among these, IDW technique is extensively
used because of its quick, deterministic, and exact local
interpolator functions (Johansson 2000). IDW is a determi-
nistic technique which determines the interpolated values by
the weighted mean of the data on the basis of an inverse
function of the distance between monitoring stations and
weights depend on an arbitrary exponent between the inter-
polated value (Webster and Oliver 2011). In this method, the
identical weight is allocated to every individual observation in
a search radius and without discontinuity when the weighting
exponent is larger than zero (Webster and Oliver 2011). The
predicted values at an arbitrary non-measured location are
computed as per the equation given below.

zj ¼
P

i
Zi
dnijP

i
1
dnij

ð9Þ

Table 1 Standard groundwater
quality GWQIs classification for
drinking purpose

GWQI range Water class Rank Corrected
GWQI range

Water class Corrected rank

<50 Excellent 1 <50 Excellent 1

50–100 Good 2 50–100 Good 2

100–200 Poor 3 100–150 Medium 3

200–300 Very poor 4 150–200 Poor 4

>300 Unsuitable for
drinking water

6 >200 Extremely poor 5
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Where, n is the total number of measured points used in the
interpolation. Zi is the distance between two known point, d
represents the distance between the predicted points. The
IDW technique is known as an exact interpolator, since the
predicted location matches with observed location, the
related weight is infinite; as a result at that location the
forecast value is identical to the observed value. For this
study, QGIS software was applied to produce IDW maps.
In the present study, Pearson’s correlation analysis was
used to find out the correlation between the different water
quality parameters. In the correlation coefficient analysis,
different terms were used such as; insignificant, moderate
and significant which were associated with the absolute
values.

Results and discussion

Statistical analysis of water quality parameters

Electrical conductivity (EC)

EC and TDS indicate the salt concentration in water and
have vital role both in drinking and agriculture application
(Bayatvarkeshi et al. 2020). In the study area, EC was
varied from 37.5–1912 μS cm −1 with an average value of
EC as 560 μS cm−1. The maximum values of EC is well
corroborated with many reported literatures (Kumar et al.
2015). It is also reported that the electrical conductance in
groundwater of Angul district, Odisha varies in the range of
94–2195 μS cm−1 (Keesari et al. 2019). In more than 72%
of the collected groundwater samples the value of EC was
less than 750 μS cm−1, and thus are coming under the
acceptable category of “B” (BIS 2012). The maximum
permissible limit of EC in drinking water is 1400 μm hos cm
−1 (Saxena and Saxsena 2015) and 5 number of collected
samples were exceeded this value. On the other hand, none
of the groundwater samples were exceeded the permissible
limit of EC as recommended by BIS i.e., 2250 μS cm−1

(group D) for the agricultural application (BIS 2012; Zeid
et al. 2018). In general, increase in electrolytes concentra-
tion in water enhance its electrical conductivity. In the study
area, the major source of salinity is primarily due to the
dilution of rock salt which is also augmented by the long
term irrigation. Gomez (2020) studied the quality of
groundwater from the Santiago del estero province, in
Argentina and reported a EC value of 228–6770 μS cm−1.
The mines of Mahanadi Coal Field (MCL), aluminum
smelter of NALCO, NTPC’s power plants etc. use water
from the Brahmani river and its tributaries and finally dis-
charge thousands gallons of wastewater to the river, con-
taining suspended solids, TDS, ash, phosphorus, fluorides,
ammonia, urea and different acids (Sahoo et al. 2016).

Further, the concentration of chloride varied from
12.5–391 mg l−1, which is well within the observations
reported in literature, for example; 1.6–317.9 mg l−1 (Hos-
sain and Patra 2020), 15.57–523.11 mg l−1 (Wang et al.
2019). More than 97% of the collected groundwater sam-
ples contain chloride concentration within the BIS permis-
sible limit of 250 mg l−1. The chloride distribution is quite
identical to that of electrical conductivity. The obtained
trend may be due to the geogenic (chloride-rich minerals)
rock-water interaction. The elevated concentration of
chloride in some groundwater samples could be attributed
to the excessive uses of inorganic fertilizer, effluents of
septic tank, leachates of landfill and industrial effluent
which percolate and pollute the groundwater (Ahada and
Suthar 2017).

Nitrate, phosphate and sulfate profile

Nitrate is a predominant redox-sensitive water quality
parameter. The minimum and maximum nitrate concentra-
tion in the study area was 2.7 and 102 mg l−1 respectively.
Around 92% of the water samples the nitrate concentration
was below the permissible limit as recommended by WHO
(2011) and only 8% of water samples the concentration of
nitrate exceeded the permissible limit of 45 mgl-1. Similar
concentration of nitrate has been reported in numerous lit-
erature for example; 0.02–110.1 mg l−1 (Hossain and Patra
2020), 0.24–85 mg l−1 (Kumar et al. 2015), 0.1–147 mg l−1

(Keesari et al. 2019). When concentration of nitrate in
drinking water exceeds more than 45 mg l−1, it causes blue
baby syndrome or methamoglobinemia in infants (Singha
et al. 2017). In addition, higher concentration of nitrate
causes serious multiple sclerosis and thyroid problems
(Ahada and Suthar 2018). In few samples, the elevated level
of nitrate may be due to the widespread use of nitrogen (N)-
fertilizer in agriculture field and leading to the percolation
of unused fertilizer into the groundwater (Srivastava and
Ramanathan 2018). Similarly, septic tanks, organic and
inorganic waste disposal are the major anthropogenic
sources of nitrate pollution in groundwater. Further, the
occurrence of different types of rocks such as; sedimentary,
metamorphic, granite, quartz and their interactions with
water might have accelerated the weathering of these rocks
and consequently enhanced the level of nitrate and ammo-
nium ions in the groundwater (Amadi 2010). In general,
concentration of nitrate is less than 45 mg l−1 in basaltic
aquifers. On the other hand, its concentration varies from
22.2 to 178 mg l−1 in granitic aquifers (Khandare 2013).
Therefore, contamination of nitrate is frequent in basic zone
of extrusive granite formation.

The sulfate concentration in the study area varied from
5.3 to 233 mg l−1. In more than 96% of water samples,
concentration of sulfate was below the permissible limit of
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200 mg l−1 (WHO 2011). Similar concentration of sulfate
has been reported in literatures for instance; 25.5–256 mg l
−1 (Wang et al. 2019), 50–132 mg l−1 (Sahoo et al. 2016),
1.2–207 mg l−1 (Keesari et al. 2019). In the study area, the
higher sulfate concentration can be attributed to the
weathering of sulfate-bearing mineral (Islam et al. 2017a).
In general, the occurrence of phosphate in natural water is
very low. In the study area the concentration of phosphate
was varied from BDL (below detactable limit) to 4.3 mg l−1.
In some of the groundwater samples, the elevated con-
centration of phosphate might be attributed to the applica-
tion of fertilizers in agricultural land, disintegration of
organic waste matterials, agriculture runoff and washerman
activities.

Hardness

The total hardness in the study area was in the range of
40–300 mg l−1. As per BIS the maximum acceptable limit
of total hardness is 200 mg l−1, whereas WHO (2011)
recommended its limit to 100 mg l−1. The concentration of
calcium varied in the range of 20–200 mg l−1,while that of
magnesium varied from minimum detection limit (MDL) to
220 mg l−1

. Approximately 3.5% of samples possessed a
high concentration of total hardness (≥200 mg l−1). This
observation might be attributed to the dissolution of mul-
tivalent cations from sedimentary rocks present in some part
of the study area (along the western border of Dhenkanal
district nearer toTalcher region). In general, hardness of
water increases due to the seepage and surface runoff
activities. Further, the elevated hardness in a few

groundwater samples might be due to the increase in eva-
potranspiration and decrease in the volume of water during
the summer season (Mahananda et al. 2010). Keesari et al.
(2016) reported identical results of hardness profile in the
range of 43–672 mgl−1 in Angul and Talcher zone of
Odisha.

Alkalinity

The estimated alkalinity in the study area ranged from 40 to
500 mg l−1. Applying IDW interpolation method, the spatial
distribution of biocarbonate alkalinity profile in the study
area has been constructed as shown in Fig. 2. Among the
alkalinity species, bicarbonate alkalinity was predominantly
observed in ground water samples (Fig. 2). In the stdy area
high bicarbonate concentration in water facilitated the dis-
solution and weathering of minerals like plagioclase,
metamorphic and sedimentary rocks. When the concentra-
tion of bicarbonate exceeded 400 mg l−1, the weathering
and dissolution of metamorphic and sedimentary rocks also
accelerated. Similar groundwater alkalinity profile has been
reported in numerous literature from different parts of India,
for instance; 212.67–408 mg l−1 (Kumar et al. 2015), 153 to
475 mg l−1 (Saxena and Saxena 2015), 205–542 mg l−1

(Sahoo et al. 2016). The median pH of the study area was
estimated to be 6.8 which revealed that the collected water
samples were not alkaline in nature and possessed lower
concentration of CO3

2−. The pH profile of the study area is
in conjunction with other reported literature for instance;
6.60–7.10 (Kumar et al. 2015), 7–7.3 (Sahoo et al. 2016)
and 7.0 to 8.1 (Saxena and Saxena 2015).

Fig. 2 Spatial distribution of
bicarbonate of Dhenkanal
district
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Fluoride

The frequency distribution of fluoride is shown in Fig. 3.
In general, when the concentration of fluoride is <0.5 mgl
−1 in drinking water induces dental caries, whereas, at
concentration more than 1.5 mg l−1 causes dental and
skeletal fluorosis (Olaka et al. 2016; Singha et al. 2019).
In the present study, 30% of the collected water samples
possessed fluoride concentration less than 0.5 mg l−1,
which is below the prescribed limit set by WHO (2011).
On the other hand, in 5.3% of samples the concentration
of fluoride were exceeding the WHO permissible limit.
However, the estimated median fluoride concentration
was 0.9 mg l−1, which indicates that the overall level of
risk associated with flouride is minimum. Similar

observation on the concentration of fluoride (0.01–2.8 mg
l−1) has been reported in literature (Gomez et al. 2020).
The higher fluoride concentration in the study area might
be due to the application of synthetic phosphate fertilizer
coupled with pesticides as well as dissolution of meta-
morphic rock under alkaline pH. Similar observations on
the leaching of phosphatic fertilizers leading to increase in
concentration of fluoride in groundwater have also been
reported by Ramteke et al. (2018) and Dartan and Tas-
pinar (2017). This finding is also in good agreement with
many reported literature that fluoride contamination in
Angul district is due to the weathering of rocks and
minerals. The spatial distribution of fluoride in the study
area using the IDW interpolation method is represented in
Fig. 4.

Fig. 3 Frequency distribution of
fluoride in groundwater samples
of Dhenkanal district

Fig. 4 Spatial distribution of
fluoride in ground water samples
of Dhenkanal districts
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Uranium profile

The concentration of uranium in the study area was varied
from <0.2 to 55.7 ppb. In 91% of the water samples the
concentration of uranium was less than MDL (0.2 ppb),
which is well below the permissible limit prescribed by
WHO (2011). Figure 5 demonstrated the the distribution of
uranium in the study area. It was observed that except in
one sample the concentration of uranium was well below to
the permissible limit set by WHO (2011). Generally in

groundwater, the concentration of uranium increases along
the water flow direction, the Brahmani river flows towards
southeast (SE) direction of Angul district. This might be one
of the possible reason for occurrence of higher uranium
concentration in western part of Dhenkanal district, parti-
cularly at Ghagaramunda (24.8 ppb, D10), Kendumunda
(55.7 ppb, D24), Medhapada (29.9 ppb D31). Using IDW
interpolation method the spatial distribution of uranium in
Dhenkanal has been generated as shown in Fig. 6. A few
samples namely, Kendumunda, Gagaramunda and

Fig. 5 The distribution of
uranium in ground water
samples of Dhenkanal districts

Fig. 6 Spatial distribution of
uranium in ground water
samples of Dhenkanal district
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Mendhapada were possessed a high concentration of ura-
nium. These sampling points are located near the border
area of Talcher region of Angul district. The presence of
uranium in this region might be due to the talchir formation
(presence of lower gondwana rocks with coal also known as
Barakarformation). Because of the presence of sedimentary
and metamorphic rock, coal formation in Talcher with
slightly acidic pH which facilitates the dissolution of rock
and minerals in the groud water. Further, the high con-
centration of uranium in Kendumunda (D24), and Mend-
hapada (D31) might be due to the presence of high
concentration of calcium hardness (60–100 mgl−1) along
with nitrate (25–35 mgl−1), which influenced the solubility
properties of uranium and slowdown the transport of ura-
nium in groundwater. Whereas the high concentration of
uranium in Gagaramunda (D10) might be due the elevated
concentration of bicarbonate alkalinity (340 mg l−1). This is
attributed to the fact that at elevated concentration of bio-
carbonate alkalinity facilitates the dissolution of minerals
and thus increases the concentration of uranium in the
groundwater. Interstingly all observations were well within
the drinking water limit as recommended by Atomic Energy
Regulatory Board, the national nuclear regulatory agency
(AERB DAE 2004).

Descriptive statistical analysis of data The physico-
chemical parameters such as; TDS, EC, pH, DO, ORP,
Ca2+, Mg2+, HCO3

−, Cl−, SO4
2− and NO3

−, were statisti-
cally analyzed and are presented in Table 2. The pre-
liminary evaluation as shown in Table 2 revealed that, EC,
Cl−, SO4

2−, Ca +2, Mg+2 and total alkalinity have the
maximum mean concentrations among the water quality
parameters followed by NO3

−. As per WHO guidelines, all
the collected groundwater samples can be categorized under

freshwater category on the basis of mean concentration of
TDS (289.52 ± 216.68 mg l−1), SO4

2− (65.03 ± 57.46), PO4
3

− (1.19 ± 1.02), U (1.17 ± 6.37) as shown in Table 2. The
skewness for the majority of the water quality parameters
was also under acceptable range (standard range ± 2). In
contrast, the skewness of uranium was greater than that of
the standard range, which signified that the data was heavily
skewed and not normal (Islam et al. 2018). Moreover,
uranium, Cl−, Ca+2 and NO3

− ions demonstrated a high
positively skewed data sets that governs the groundwater
hydrology and geology of the study area. Similarly, incase
of kurtosis, NO3

−, Cl−, uranium, Ca+2 and ORP were
categorized in the leptokurtic scale (values are greater than
3), whereas, the remaining ions were identified in the pla-
tykurticscale (values are less than 3) as shown in Table 2.

Inter-relation of parameters with entropy

The relationship between entropy weight and information
entropy values with the water quality parameters has been
evaluated. In general, the water quality parameters with a
maximum entropy weight and minimum information
entropy value exhort highest effects on overall quality of
groundwater (Wu et al. 2011; Gorgij et al. 2017). The
entropy value reduces any bias obtained by neglecting the
artificial weights (Amiri et al. 2014). Table 3 represents the
estimated groundwater quality weight and entropy weight
for the investigated water quality parameters. From the
Table 3, it can be observed that uranium has the maximum
entropy weight of 0.4937 and minimum entropy informa-
tion of 0.3354, which clearly revealed a significant impact
of uranium on the quality of groundwater. The effects of
other physico-chemical parameters on quality of ground-
water are evaluated in the following order: U > SO4

2− >Mg

Table 2 Descriptive statistics of physico-chemical parameters of groundwater in the study area (n= 112)

Parameters Min Max Mean Median Variance Std dev Skewness Kurtosis WHO/BIS standard

pH 5.17 7.98 6.79 6.8 0.20 0.45 −0.53 1.51 7–8.5

TDS (mg l−1) 32.5 1082 289.52 240.5 46948.74 216.68 1.55 2.65 1000

EC (µS cm−1) 2.25 1912 560.24 484 154515.69 393.08 1.09 1.16 500

ORP (mV) −100.2 767 175.61 177 9525.75 97.60 1.26 11.74 –

Salinity(mg l−1) 20 1090 276.72 235 41414.52 203.51 1.52 2.94 –

DO(mg l−1) 1.32 7.64 5.05 5 1.96 1.40 −0.30 −0.32 –

F- (mg l−1) 0.14 1.80 0.85 0.9 0.21 0.46 −0.01 −1.22 1.5

Chloride (mg l−1) 00 391.22 87.84 89 4603.72 67.85 1.30 3.18 250

NO3
−(mg l−1) 2.69 102.45 25.86 26.4 207.71 14.41 1.43 6.10 45

SO42−(mg l−1) 5.33 233.3 65.03 43 3301.50 57.46 1.04 0.14 200

PO4
3−(mg l−1) 0 4.33 1.19 0.8 1.05 1.02 1.08 0.41 –

U (ppb) 0 55.73 1.17 0.0 40.63 6.37 6.96 52.64 30

Total hardness (mgl −1) 32 300 98.32 80 3459.90 58.82 1.23 1.36 100

Calcium hardness (mg l−1) 00 200 49.39 40 1188.20 34.47 1.66 4.03 75

Magnesium hardness (mg l−1) 00 220 49.29 40 1930.35 43.94 1.29 1.92 30

Total Alkalinity (mg l−1) 20 500 182.93 160 16417.71 128.13 0.60 −0.81 200
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+2 > total hardness > total alkalinity > TDS > Cl−> F−. It is
clearly understood from the Table 3 that DO and pH pos-
sessed a negligible impact on overall quality of ground-
water. However, this observation differs from reported
literature that HCO3

− is the most influential water quality
parameter (Gorgij et al. 2017). Whereas, Amri et al. (2014)
reported that SO4

2− is the predominant anion during the
postmonsoon period. In contrast, the groundwater weight in
most of the water quality parameters are estimated to be 4
with relative significance of water quality criteria (Islam
et al. 2017b; Bodrud-Duza et al. 2016; Vasanthavigar et al.
2010). The elevated concentration of NO3

− not only con-
tributed by anthropogenic sources but also altered due to the
climatic conditions. For example, change in precipitation
pattern, temperature and concentration of atmospheric CO2

have influence on the agricultural NO3
− source and agri-

cultural yield (Stuart et al. 2011). However, the major water
quality parameters such as; U > SO4

2− >Mg+2 > total

hardness > total alkalinity > TDS > Cl−> F− have a greater
effect on GWQI calculation with higher entropy weights,
consequently yielded higher negative impact on quality of
ground water. Thus, special attention is essential to these
water quality parameters which plays a major role in con-
tamination of the groundwater in the study area.

Characterization of groundwater quality ranks

The values of EWQI and the assigned ranks of collected
groundwater samples were calculated by employing Eqs. 1–
7. Similarly, the GWQI values of the groundwater samples
were determined using employing Eq. 8. The calculated
values of EWQI and GWQI are utilized to analysze and
interpret the quality of groundwater samples. The quality of
groundwater for drinking purpose has been assessed on the
basis of Indian Standards as shown in Tables 4 and 5. The
calculated mean and range of EWQIs of the water samples

Table 3 The groundwater
weight and entropy weight of
physicochemical parameters of
Dhenkanal district

Parameter Information
entropy

Entropy
weights

Ground
water weight

Groundwater
relative weight

Limit
values
WHO/BIS

pH 0.9923 0.0071 1 0.0270 6.5

TDS 0.9340 0.0503 4 0.1081 500

EC 0.9506 0.0380 4 0.1081 2250

DO 0.9844 0.0129 2 0.0541 5

F− 0.9489 0.0392 4 0.1081 1

Chloride 0.9349 0.0496 3 0.0811 250

NO3
− 0.9605 0.0306 4 0.1081 45

SO4
2- 0.9076 0.0698 4 0.1081 200

U 0.3354 0.4937 4 0.1081 60

Total hardness 0.9228 0.0586 2 0.0541 200

Calcium
hardness

0.9545 0.0348 2 0.0541 75

Magnesium
hardness

0.9158 0.0638 2 0.0541 30

Total alkalinity 0.9327 0.0513 1 0.0270 200

Table 4 Classification of
groundwater quality indices for
drinking purpose

Index method Range Rank Water class Number of location EWQI% of sample

EWQI <50 1 Excellent 88 78.57

50–100 2 Good 24 21.42

100–150 3 Medium Nil Nil

150–200 4 Poor Nil Nil

>200 5 Extremely Poor Nil Nil

Index method Range Rank Water class Number of location GWQI% of sample

GWQI <50 1 Excellent 49 43.75

50–100 2 Good 61 54.46

100–150 3 Medium 2 1.78

150–200 4 Poor Nil Nil

>200 5 Extremely Poor Nil Nil
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Table 5 EWQI and GWQI value assessment of Dhenkanal district based on the Indian Standard

Sample no. EQWI Rank
of EWQI

GWQI Rank
of GWQI

Sample no. EQWI Rank
of EWQI

GWQI Rank
of GWQI

1 53.43 2 85.02 2 57 22.66 1 41.33 1

2 34.70 1 58.23 2 58 28.37 1 43.34 1

3 28.32 1 48.15 1 59 54.50 2 85.32 2

4 52.69 2 73.89 2 60 30.86 1 52.75 2

5 41.90 1 54.13 2 61 47.00 1 70.90 2

6 41.82 1 69.80 2 62 20.11 1 42.52 1

7 54.05 2 57.96 2 63 12.85 1 27.43 1

8 64.19 2 104.75 3 64 35.81 1 53.75 2

9 18.20 1 34.34 1 65 19.62 1 41.20 1

10 16.81 1 35.79 1 66 24.60 1 44.30 1

11 35.95 1 69.93 2 67 16.37 1 40.64 1

12 24.88 1 43.48 1 68 34.18 1 58.52 2

13 24.49 1 48.11 1 69 37.90 1 62.87 2

14 28.61 1 50.17 2 70 15.09 1 32.96 1

15 27.82 1 47.20 1 71 26.00 1 48.71 1

16 63.04 2 91.07 2 72 24.22 1 44.30 1

17 63.77 2 91.85 2 73 51.98 2 79.29 2

18 51.90 2 78.92 2 74 27.81 1 52.35 2

19 62.32 2 93.66 2 75 39.69 1 50.53 2

20 45.55 1 74.53 2 76 15.09 1 29.27 1

21 63.63 2 79.68 2 77 30.58 1 60.91 2

22 65.34 2 49.42 1 78 28.15 1 47.54 1

23 49.42 1 83.42 2 79 26.96 1 46.22 1

24 25.42 1 53.78 2 80 19.00 1 37.77 1

25 21.32 1 36.26 1 81 28.73 1 44.99 1

26 95.04 2 121.07 3 82 48.88 1 75.80 2

27 70.09 2 89.21 2 83 21.58 1 39.35 1

28 34.60 1 47.52 1 84 24.32 1 46.48 1

29 64.53 2 67.64 2 85 63.87 2 90.79 2

30 53.78 2 78.88 2 86 45.83 1 65.47 2

31 34.39 1 60.35 2 87 28.36 1 55.06 2

32 37.50 1 61.72 2 88 17.59 1 37.47 1

33 62.30 2 93.93 2 89 23.20 1 38.44 1

34 30.00 1 48.50 1 90 30.77 1 52.45 2

35 28.91 1 53.04 2 91 55.60 2 82.47 2

36 28.04 1 40.72 1 92 17.19 1 27.04 1

37 31.79 1 58.92 2 93 56.27 2 80.81 2

38 35.18 1 62.50 2 94 26.94 1 45.25 1

39 19.37 1 31.50 1 95 16.58 1 34.19 1

40 39.41 1 53.34 2 96 14.19 1 27.21 1

41 32.80 1 55.74 2 97 21.09 1 35.14 1

42 58.50 2 76.38 2 98 23.72 1 40.14 1

43 62.32 2 96.84 2 99 52.52 2 73.44 2

44 36.55 1 63.42 2 100 37.34 1 56.40 2

45 29.93 1 49.70 1 101 32.13 1 61.95 2

46 21.92 1 46.11 1 102 36.56 1 57.26 2
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were 35.74 and 20.04 to 82.19, respectively. In general, the
critical limit of EWQIs is 100 therefore,none of the samples
were exceeding the critical limit. Moreover, 24 number of
groundwater samples (21.42%) out of 112 were categorized
as under rank 2 (good-quality drinking water), 88 number of
samples (78.57%) were classified as excellent-quality water
(rank 1) for drinking purpose (Table 4). None of the
groundwater sample were falling under poor-quality water
category (rank 4), which implies that most of these samples
are suitable for drinking purpose. The estimated GWQI
values are varied from 27.04–121.07 with an average of
56.76 as given in Table 5. Generally, the critical limit of
GWQI value is 100 for drinking purpose (Vasanthavigar
et al. 2010). The results revealed that 1.8% of the ground-
water samples surpassed the critical limit (Table 5). It was
also observed that maximum number of samples in the
study area coming under good to excellent quality rank
based on the EWQI values than that of GWQI classification.
In terms of GWQI values, 98% groundwater samples were
categorized under the good to excellent water quality ranks.
Out of 112 groundwater samples, 2 samples(1.8%) are
categorized under rank 3 (medium quality water), which
indicates the requirement of a suitable pretreatment before
application for drinking purpose (Table 4). It is also
observed that 71 number of samples have an equal rank
between the GWQI and EWQI classifications. There are
few variations in the ranking of water quality using GWQI
and EWQI classification. This deviation might be due to the
assignment of artificial weight in the determination of water
quality using GWQI technique. Therefore, the EWQI ana-
lysis of groundwater for drinking purposes offers more

consistent results than that of the GWQIs technique. Fur-
ther, Pearson’s correlation coefficient was applied to elu-
cidate the relationship between the different waterquality
indices and physico-chemical parameters. The details of
correlation study of the GWQIs and EWQIs is shown in
Table 6. For instance, the EWQI values of the collected
groundwater have considerable positive correlation between
total hardness (r= 0.854) and TDS (0.720). In addtion,
EWQIs values have been positively correlated to total
alkalinity (r= 0.414), EC (r= 0.631), Cl− (r= 0.437) and
Uranium (r= 0.299), which clearly indicates the moderate
impact of these factors on the overall groundwater quality.
The concentration of fluoride, DO, nitrate and pH exhibited
an insignificant correlation (Table 6). Similarly, the GWQI
values have appreciable positive correlation with TDS (r=
0.659), total hardness (r= 0.827), total alkalinity (0.463),
EC (r= 0.659) and Cl (r= 0.452). On the other hand, the
values of GWQIs are insignificantly correlated with ura-
nium (r= 0.033), fluoride (r= 0.270) and DO (r= 0.206).
Thus, the adopted water quality index analysis indicates that
both in EWQIs and GWQIs reveal a reasonable positive
correlation with TDS, total hardness, total alkalinity, EC,
and Cl− in the study area.

This fact suggest that anthropogenic sources particularly
leaching of domestic and small industrial wastewater affect
the overall quality of groundwater (Su et al. 2018). Similar,
the exhistence of significant correlation between Mg+2 and
Ca+2 hardness and water quality index has also been
reported by Islam et al. (2017a) for Sylhet district of Ban-
gladesh. Therefore, the results of these correlation coeffi-
cients offered a meaningful mathematical approach into the

Table 5 (continued)

Sample no. EQWI Rank
of EWQI

GWQI Rank
of GWQI

Sample no. EQWI Rank
of EWQI

GWQI Rank
of GWQI

47 24.65 1 39.09 1 103 35.26 1 46.09 1

48 62.08 2 90.81 2 104 27.13 1 53.99 2

49 16.62 1 33.19 1 105 23.49 1 40.13 1

50 14.40 1 34.34 1 106 37.11 1 52.61 2

51 45.44 1 70.54 2 107 32.07 1 50.08 2

52 24.67 1 39.09 1 108 26.81 1 42.26 1

53 27.09 1 46.10 1 109 26.84 1 48.91 1

54 32.63 1 55.73 2 110 47.35 1 72.84 2

55 32.90 1 49.86 1 111 26.20 1 48.66 1

56 31.28 1 58.29 2 112 30.13 1 51.58 2

Table 6 Pearson correlation analysis of the GWQIs and EWQIs of the ground water samples

Parameter pH TDS EC DO F− Cl− NO3
− SO4

2− U Total hardness Ca+2 hardness Mg+2 hardness Total alkalinity

EQWI 0.315 0.72 0.63 0.159 0.06 0.437 0.26 0.27 0.299 0.854 0.490 0.753 0.414

GWQI 0.357 0.79 0.66 0.206 0.27 0.452 0.33 0.39 0.033 0.827 0.550 0.668 0.463
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resemblance between the physico-chemical parameters that
influence the quality of water in the study area. The result of
EWQI and GWQI techniques shows relatively identical
developments for the majority of the collected water sam-
ples. In the present investigation, the GWQI values exhib-
ited elevated spatial variability, while EWQI values
demonstrated lesser spatial variability. Overall, the quality
of groundwater in the major parts of Dhenkanal district
reveals a hefty spatial variation. The elevated concentrations
of uranium and other ions such as; Cl−, SO4

2−, NO3
− and

Mg+2 are typically accountable in polluting the ground-
water which might be due to the extensive application of
fertilizers for cultivation purposes as well as infiltration of
rural and urban wastewater.

Correlation study

In order to determine the influence of physico-chemical
water quality parameters on the ground water quality, the
Pearson correlation analysis was applied as shown in Table
7. From the Table 7 it can be observed that pH exhibited a
positive correlation with electrical conductivity with a cor-
relation coefficient of 0.360 while TDS is positively cor-
related with EC with a correlation coefficient of 0.641.
However, correlation between total hardness and chloride
was slightly positive with a correlation coefficient of 0.255.
The occurrence of positive significant correlation can be
attributed to man made or natural sources (Haloi and Sarma
2012). For instance; the correlation between EC and Cl−

with a significant positive correlation coefficient of 0.247
might be originated due to the local geology. The estimated
correlation coefficient between magnesium and phosphate
was high (0.269), which reveals the occurrence of magne-
sium mainly in the form of MgPO4. On the other hand,
correlation coefficient value between magnesium (Mg+2)
and sulfate was insignificant (−0.062). Similarly, the cor-
relation between nitrate and magnesium was quite insig-
nificant, thus availability of Mg(NO3)2 seems to be very
scarce in the collected groundwater samples. The correla-
tion coefficient between calcium and bicarbonate alkalinity
is significantly high (0.377), which strongly reveals the
availability of calcium bicarbonate in the collected water
sample. The concentration of fluoride is strongly correlated
with alkalinity with a corelation coefficient value of 0.245
(Jabal et al. 2014). However, in some pairs of water quality
parameters, the estimated correlation coefficient found to be
insignificant, for example; uranium and sulfate (−0.035),
fluoride and nitrate (−0.007), chloride-fluoride (−0.015)
and fluoride and calcium (0.021). Similar observations have
been reported by numerous researchers that concentration of
fluoride is inversely proportional to calcium (Kumar et al.
2018b; Raj and Shaji 2017). Likewise, existence

insignificant correlations were observed in other water
quality parameters which clearly reveal that the sources of
these physico-chemical groundwater parameters are not
influneced by others (Kamrani et al. 2016).

Conclusion

The present study reveals the dominance of major cations
and anions in the following order, SO4

2− >Mg+2 > total
hardness > total alkalinity > TDS > Cl− and are typically
accountable for the ground water pollution. This is pri-
marily due the of extensive application of fertilizers for
cultivation purposes, infiltration of rural and urban waste-
water. All the groundwater samples possessed uranium
within the drinking water limit prescribed by AERB, which
are well supported by correlation analysis. Further, in most
of the ground water samples, the result of EWQI and GWQI
techniques are well corroborated to each other. Only 1.8%
of the groundwater samples surpassed the critical limit
(100) of GWQI (rank 3 medium), however, such water
samples can be utilize for drinking purposes by adopting
necessary pre-treatment strategy. In the IDW model, a
slightly spatial dependency was monitored, which reveals
the weak natural and anthropogenic influences governing
the quality of groundwater. Spatial distribution of uranium
and water quality parameters reveals that most of the high
index values were typically present in the north-western
region of Dhenkanal. Thus, special attention is very crucial
to prevent further contamination of groundwater in the
western parts of the study area. Most of the collected
groundwater samples the water quality parameters meet the
requirements as recommended by the WHO guidelines.The
present investigation offers not only a broad information on
the quality of the drinking water of Dhenkanal district for
policy-making, but also a significant reference for regional
water pollution control authority.
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