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Abstract Multivariate statistical techniques, cluster and
principal component analysis were applied to the data on
groundwater quality of Suri I and II Blocks of Birbhum
District, West Bengal, India, to extract principal factors
corresponding to the different sources of variation in the
hydrochemistry as well as the main controls on the
hydrochemistry. For this, bore well water samples have
been collected in two phases, during Post-monsoon
(November 2012) and Pre-monsoon (April 2013) from 26
sampling locations spread homogeneously over the two
blocks. Excess fluoride in groundwater has been reported at
two locations both in post- and in pre-monsoon sessions,
with a rise observed in pre-monsoon. Localized presence of
excess iron has also been observed during both sessions.
The water is found to be mildly alkaline in post-monsoon
but slightly acidic at some locations during pre-monsoon.
Correlation and cluster analysis studies demonstrate that
fluoride shares a moderately positive correlation with pH in
post-monsoon and a very strong one with carbonate in pre-
monsoon indicating dominance of rock water interaction
and ion exchange activity in the study area. Certain loca-
tions in the study area have been reported with less than
0.6 mg/1 fluoride in groundwater, leading to possibility of
occurrence of severe dental caries especially in children.
Low values of sulfate and phosphate in water indicate a
meager chance of contamination of groundwater due to
anthropogenic factors.
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Introduction

Assessment of the hydrochemical characteristics of water
and aquifer hydraulic properties is important for ground-
water planning and management in the study area. Gen-
erally, the motion of groundwater along its flow paths
below the ground surface increases the concentration of the
chemical species (Domenico and Schwartz 1990; Freeze
and Cherry 1979; Kortasi 2007). Groundwater is the purest
form of water sourced from natural resources and is usually
clear, colorless and remains relatively at constant temper-
ature. Therefore, it is normally superior to surface water in
terms of sanitary consideration. But groundwater has
higher salt contents than surface water because slowly
moving water remains in contact with sub-strata for longer
periods. Hence, the groundwater chemistry could reveal
important information on the geological history of the
aquifers as well as the suitability of groundwater for
domestic and agricultural purposes. Quality of groundwater
is equally important to its quantity owing to the suitability
of water for various purposes (Schiavo et al. 2006;
Subramani et al. 2005). Hydrochemical evaluation of
groundwater systems is usually based on the availability of
a large amount of information concerning groundwater
chemistry (Aghazadeh and Mogaddam 2010; Hossein
2004). Groundwater chemistry, in turn, depends on a
number of factors, such as general geology, degree of
chemical weathering of the various rock types, quality of
recharge water and inputs from sources other than water
rock interaction. Such factors and their interactions result
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in a complex groundwater quality (Domenico and
Schwartz 1990; Guler and Thyne 2004; Sunne et al. 2005).
Various studies on the hydrogeological and hydrochemical
properties of the aquifers underlying the country are cur-
rently being pursued. Recent studies have been focused on
the quality of groundwater from specific hydrogeologic
terrains in the country. Researchers (e.g. Kortatsi et al.
2008; Yidana et al. 2008a, b, ¢, d; Yidana 2008; Banoeng-
Yakubo et al. 2009; Nag and Ray 2015; Nag 2014; Nag and
Ghosh 2013) have applied different methodologies to
understand the sources of variation in the quality of surface
and groundwater basins in India.

The competition for water resources has gained impor-
tance in recent years, not only in India but also in many
places of the world. The development of human societies
and industry result in bioenvironmental problems; pollu-
tion puts the water, air and soil resources at risk (Milo-
vanovic 2007). Groundwater has become the major source
of water supply for domestic, industrial and agricultural
sectors of many countries and groundwater chemistry
depends on the quality of recharged water, atmospheric
precipitation, inland surface water and sub-surface geo-
chemical processes. In recent years, many cities of devel-
oping countries are experiencing rapid demographic
growth due to rural exodus. Urbanization and the unregu-
lated growth of the population have altered the local
topography and drainage system directly which affect both
quality and quantity of the groundwater (Vasanthavigar
et al. 2010). Temporal changes in the origin and constitu-
tion of the recharged water, hydrological and human fac-
tors frequently cause periodic changes in groundwater
chemistry and quality (Milovanovic 2007; Sreedevi 2004).

The present study has been carried out in two blocks—
Suri I and II, of Birbhum district, West Bengal, India.
Groundwater is an important water resource for drinking,
agriculture and industrial use in the present study area. In
this study, physical and hydrochemical data from the
groundwater system has been used to determine the main
factors and mechanisms controlling the chemistry of
groundwater in the area. Geochemical studies of ground-
water provide a better understanding of possible changes in
quality as development progress. Besides anthropogenic
factors, natural factors also play a role in contaminating
groundwater, rendering it unfit for drinking. Fluoride
contamination in groundwater is one such factor which
leads to irreparable physiological damage to the human
body in form of dental or skeletal fluorosis. As per World
Health Organization guidelines, the permissible limit of
fluoride in drinking water is 1.5 mg/l (WHO 2011). Intense
agricultural and urban development has caused a high rise
in demand of groundwater resources in arid and semi-arid
regions of West Bengal and thereby the resource has been
put at a greater risk to contamination (Moghaddam and
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Najib 2006; Jalali 2006; Khazaei et al. 2006). In the present
study area, people depend solely on groundwater supply for
all domestic chores as well as for consumption. Excess
fluoride in groundwater has been reported previously in
Junidpur, Rampurhat and Nalhati blocks of Birbhum dis-
trict (Gupta et al. 2006; Gupta and Banerjee 2011). The
present study reports the presence of excess fluoride in
groundwater and intends to identify the hydrogeochemical
and anthropogenic contamination factors responsible for
deterioration of water quality using statistical concepts.
Inter-relationships amongst the analyzed water quality
parameters, with special emphasis on relation of fluoride
with the rest of the parameters have been studied with the
use of multivariate statistical analysis tools in this study. In
the analysis of hydrochemical data, the application of
multivariate statistical analyses has been profusely taken
up by various researchers. These analyses assist us in
systematically studying and interpreting hydrogeochemical
patterns and correlationships between the various parame-
ters determining water quality. Some examples of studies
were multivariate analyses methods have been effectively
employed in comprehending hydrochemical processes are
studies by Giiler et al. (2002), Giiler and Thyne (2004),
Helsrup et al. (2007), Yidana et al. (2008a), Yidana and
Yidana (2009), Cloutier et al. (2008), Machiwal and Jha
(2015), Mrazovac and Miloradov (2011), Gummadi et al.
2014, Bajpayee et al. 2012, Jothivenkatachalam et al. 2010
and others. Multivariate statistical methods do not directly
present hydrogeochemical processes being carried out but
gives an idea about the factors that control these processes.

Study area

The present study has been carried out in Suri (comprising
of two blocks—Suri I and Suri II), the district headquarter
of Birbhum district, West Bengal, India. The two blocks
are located between latitudes 23.76°N-23.99°N and lon-
gitudes 87.42°E-87.64°E, and covers an area of 220 km?
(approx.). The area usually experiences an arid climate.
Summer temperatures soar to a maximum of 40 °C or
above whereas in winter temperatures dip to around 10 °C.
Majority of the rainfall is limited to the monsoon season
from June to October and hovers around an average of
1100 mm. The area is characterized by rural setting and
major occupation of the people is agriculture. The study
area is largely comprised of alternating layers of sand and
clay, which are soft sediments and part of the Ganga-Kosi
formation and are of the tertiary age. The clays interbedded
with sand partings are poorly sorted with occasional layers
of grit. Granite gneiss which date back to the Archean age,
are hard and foliated type rocks belonging to the
Chotanagpur Gneissic complex and, constitute the north
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western part of the study area (Mukherjee et al. 1969).
These poly-metamorphosed rocks contain streaks of peg-
matite, alkali feldspars and mica. Hard clays dominate
small areas in the extreme upper and lower parts and a
stretch in the central part-all lying in the eastern region of
the study area. Presence of laterites and lateritic soil, which
render a reddish color to the top soil in many regions of the
study area, is observed to have a scattered distribution
spanning both Suri I and II blocks. Figure 1 presents the
study area map marked with the 26 sampling location
points from where water samples have been collected along
with the geological map of the study area.

Materials and methods

Groundwater sample collection from the study area has
been done in two phases: post-monsoon and pre-monsoon
sessions. Water samples were collected from bore to wells
at 26 sampling locations spread homogeneously over the
two blocks, Suri I and II. Depth of the water table ranged
widely in the study area. During post-monsoon the Depth
to Water Level (DTWL) values ranged from 1.69 to
13.83 m and during pre-monsoon it ranged from 3.03 to
21.24 m. The samples were collected in 500 ml sterilized
polythene bottles. For all samples collected, parameters
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like pH, electrical conductivity (EC) and total dissolved
solids (TDS) were measured in the field. This is necessary
as they are likely to change during transport. The water
samples were tested for a total of sixteen parameters. The
quantitative analysis for major cations and anions in water
including fluoride was carried out in the laboratory
employing standard methods (APHA 1995). Various sta-
tistical analysis methods have been used in the past to
determine water quality and hydrogeochemistry (Nelson
and Ward 1981; Briz-Kishore and Murali 1992; Ramesh
Kumar and Riyazuddin 2008; Routroy et al. 2013). Based
on the quantitative chemical analysis data generated, such
statistical analyses to the likes of correlation analysis,
hierarchical cluster analysis, principal component and
factor analysis were performed using software program
StatistiXL.

Results and discussions
Major ion chemistry and spatial distribution

The pH values of the groundwater varies from 7.00 to 8.40
(in post-monsoon) with an average of 7.50, and 6.4-8.4 (in
pre-monsoon) with an average of 7.1, which indicates that
water is almost neutral in nature. The average concentra-
tion of Total Dissolved Solids (TDS) ranged from 244.3
(post-monsoon) to 249.0 (pre-monsoon) mg/l in the study
area. Normally TDS in water may originate from natural
sources and sewage discharges. The electrical conductivity
(EC) in the study area varies from 90.00 to 300.00 (in post-
monsoon) and 55.00 to 590.00 (in pre-monsoon) with an
average of 212.7 (post-monsoon) and 556.2 (pre-monsoon)
uS/cm at 25 °C. The Total hardness in water is derived
from the solution of carbon dioxide released by bacterial
action in the soil, in percolating rain water. Low pH con-
ditions develop and lead to the dissolution of insoluble
carbonates in the soil and in limestone formations to con-
vert them into soluble bicarbonates. Impurities in lime-
stone, such as sulfates, chlorides and silicates, become
exposed to the solvent action of water as the carbonates are
dissolved so that they also pass into solution. The total
hardness (TH) of water is a measure of mainly calcium
carbonate and magnesium carbonate dissolved in ground-
water. The general acceptance level of hardness is 300 mg/
1, although WHO has set an allowable limit of 600 mg/l.
The total hardness in the study area ranges between 55 and
365 mg/l in post-monsoon while in pre-monsoon it ranges
between 48 and 384 mg/l.

Calcium concentration ranged from 12.6 to 109.2 mg/l
in post-monsoon and 6.7-95.8 mg/l in pre-monsoon peri-
ods. The magnesium concentration ranges between
3.2-42.5 mg/l in post-monsoon and 7.6-35.3 mg/l. in pre-
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monsoon. Sodium concentration in water varies from 7.00
to 58.3 mg/l with an average of 26.04 mg/l in post-mon-
soon and 8.0-69.0 mg/l with an average of 30.5 mg/l in
pre-monsoon period. Iron is an essential element in the
human body and is required physiologically on various
aspects (Moore 1973). Although iron has little concern as a
health hazard, it is still considered as a nuisance in
excessive quantities (Dart 1974). It causes staining of
clothes and utensils. It is also not suitable for processing of
food, beverages, dyeing, bleaching, etc. The concentration
limits of iron in drinking water ranges between 0.3 mg/l
(maximum acceptable) and 1.0 mg/l (maximum allow-
able). Iron concentrations of Suri I and II blocks range
between 0.0 and 1.8 mg/l in post-monsoon and 0.0 to
6.1 mg/l in pre-monsoon. At Bhagabanbati Primary School
(Location no. 13 located in the eastern part of the study
area) the iron concentration is above the desirable limit
(0.30 mg/1) during both post and pre-monsoon. High iron
concentration affects the taste of water, has adverse effects
on domestic uses and promotes growth of iron bacteria.
Measures should be taken before consumption by instal-
lation of iron removing plants.

Bicarbonate ion varies from 48.80 to 1073.60 and 48.8
to 292.8 mg/l in post and pre-monsoon respectively.
Chloride concentration in groundwater samples in the
study area ranged from 15.0 to 124.96 and 15.0 to
274.9 mg/l in post and pre-monsoon respectively. WHO
has set standards of 200-500 mg/1 for chloride in drinking
water. Too much of chloride leads to bad taste in water and
also chloride ion combines with the Na (that is being
derived from the weathering of granitic terrains) and forms
NaCl, whose excess presence in water makes it saline and
unfit for drinking and irrigation purposes. Here too, as
exhibited by mean values in Table 1, the chloride value
decreases during post-monsoon.

The sulfate ion causes no particular harmful effects on
soils or plants; however, it contributes in increasing the
salinity in the soil solution. Sulfate ion varied from 0.43 to
48.76 mg/l during post-monsoon and 0.1 to 56.7 mg/l in
pre-monsoon periods.

The range of presence of each of the sixteen parameters
analyzed, along with their average and standard deviation
values for both the sampling sessions have been presented
in Table 2. Based on the analyses performed on the
quantitative data, the following results have been reported.

Correlation analysis

The correlation analysis study involving statistical calcu-
lations was devised by Pearson (1896). Based on the value
of correlation coefficient ‘7, the correlation between two
parameters plotted on a XY scatter diagram can be termed
as positive or negative. Correlation analysis is a common



Appl Water Sci (2017) 7:873-888 877
Table 1 Quantitative chemical analysis results of post and pre-monsoon period
Parameter Post-monsoon Pre-monsoon

Minimum Maximum Mean Std. Skewness Kurtosis Minimum Maximum Mean Std. Skewness Kurtosis

Deviation Deviation

pH 7.0 8.4 7.5 0.34 0.37 0.09 6.4 8.4 7.1 0.43 0.87 1.52
TDS 74.0 622.0 2443  109.2 1.41 4.81 55.0 590.0 249.0 1259 0.76 1.04
EC 90.0 300.0 2127  48.65 —0.54 1.01  150.0 1200.0 556.2 256.6 1.05 1.80
TA 50.0 880.0 530.0 204.24 —0.54 0.15 40.0 320.0 158.8  66.7 0.42 0.10
TH 55.0 365.0 2069  70.5 —-0.07 0.17 48.0 384.0 1483  68.7 1.66 4.52
Ca** 12.6 109.2 46.8  21.1 0.97 1.81 6.7 95.8 29.3 18.4 2.11 5.87
Mg** 32 42.5 21.9 8.0 0.06 1.12 7.6 353 18.3 7.9 0.36 —-0.76
Na* 7.0 58.3 26.04 154 0.80 —0.38 8.0 69.0 305  17.8 0.81 —-0.20
K* 0.7 10.0 2.4 2.1 222 6.49 0.2 2.5 0.6 0.54 2.00 4.69
Fe*™ 0.0 1.8 0.12  0.35 4.95 24.94 0.0 6.1 0.47 1.21 4.39 20.33
CO5*~ 0.0 204.0 56.8 75.5 1.07 —0.48 0.0 36.0 6.0 9.75 1.70 2.52
HCO;~  48.8 1073.6 531.2 2226 —0.36 1.22 48.8 390.4 181.6 762 0.75 1.10
Cl™ 15.0 129.9 394 31.15 1.99 3.52 15.0 274.9 49.0 58.65 2.93 9.16
S0, 0.43 48.8 84 1343 —0.36 1.22 0.1 56.7 8.7 15.03 243 4.94
PO, 0.0 0.04 0.01  0.01 1.23 1.59 0.0 4.8 0.3 0.93 4.80 23.80
F 0.21 2.38 0.6 0.50 2.36 6.34 0.24 2.84 0.73  0.59 2.34 6.44
Table 2 Correlation coefficient matrix for post-monsoon session
Parameters PH ~ TDS EC TA TH  Ca®™ Mg’ Na® K"  Fe’™ (O~ HCO;~ CI© SO/ POS~ F~
pH 1.00
TDS —-042  1.00
EC —-036 053 1.00
TA - 0.55 059 1.00
TH —-0.66 0.84 061 049 1.00
Ca** -071 085 045 043 092 1.00
Mg*+ —028 045 058 036 069 033 1.00
Na*t - 0.61 058 057 038 031 0.19 1.00
K* —-0.08 043 048 040 025 026 0.17 046 1.00
Fe?™ -0.15 0.11 013 -0.15 0.19 020 0.03 - 0.13  1.00
CO5*~ 0.19 0.04 043 047 —-0.05 0.02 —-0.15 047 0.38 —0.08 1.00
HCO;™ —-0.13 058 037 079 066 050 051 0.31 0.19 —-0.11 —0.16 1.00
Cl™ —-048 070 035 0.00 052 061 020 042 0.32 —-0.02 —0.13 0.09 1.00
S0,%~ -047 075 042 0.13 051 059 022 0.56 0.58 —0.08 0.01 0.14 0.85 1.00
PO, 0.14 -0.16 -0.31 -024 -0.11 -0.14 0.11 —-0.08 —-0.09 0.07 -0.15 -0.17 —0.12 —-0.02  1.00
F 0.41 0.03 0.14 038 —0.14 —-0.21 0.04 0.46 0.03 —-0.10 0.22 0.27 —-0.07 —0.16 —0.17 1.00

and useful statistical tool for water quality studies indi-
cating which ions control the water chemistry (Box et al.
1978; Chapman 1996; Shrivastava and Patil 2002; Zeng
et al. 2005). It is simply a measure to exhibit how well one
variable predicts the other (Kurumbein and Graybill 1965).
In the present study correlationship of fluoride has been
worked out with rest of the analyzed water quality
parameters and the following observations have been made
from the trend analysis graphs for both post-monsoon

(Fig. 2) and pre-monsoon (Fig. 3) sessions. Tables 3 and 4
present the correlation coefficient matrices prepared for the
post-monsoon and pre-monsoon sessions, respectively.

In the post-monsoon session, fluoride is observed to
share a positive correlation with pH (r = 0.41), total
alkalinity (r = 0.38), sodium (r = 0.46), carbonate and
bicarbonate (r > 0.2). In case of magnesium, potassium
and TDS the ‘¥’ value is positive but very close to zero
indicating a not so strong correlation of these parameters
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Fig. 2 Correlation Analysis graphs presenting correlation trends of fluoride with the other analyzed water quality parameters in post-monsoon

session

with fluoride. Correlation of fluoride with calcium, total
hardness, sulfate and phosphate is found to be negative.
Bicarbonate shares positive correlations with alkalinity
(r = 0.79), hardness (r = 0.66), calcium and magnesium
(r > 0.5). The statistical significance of these correlations
has been tested at p value = 0.05; and all have been found
to be significant.

In the pre-monsoon session, fluoride shares fairly posi-
tive correlation with total alkalinity, sodium (r = 0.39),
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carbonate (r = 0.67) and bicarbonate. In case of correla-
tion of fluoride with pH, although parameters are positively
related, but the ‘¥’ value is very close to zero, a trend
opposite than that observed during post-monsoon. With
almost all the other analyzed parameters, fluoride shares a
negative correlationship. The correlation of fluoride with
potassium, iron and phosphate is found to be statistically
insignificant during the pre-monsoon session. In the pre-
monsoon session bicarbonate shares a strong but
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Fig. 2 continued

statistically insignificant correlationship (r = 0.97) with
alkalinity whereas with hardness it is the opposite
(r = 0.16). Both calcium and magnesium show strong
correlations with total hardness (r = 0.91 and » = 0.82
respectively) indicating that Ca and Mg regulate the alka-
linity character of groundwater. Iron shares a strong cor-
relation with hardness (r = 0.65) as opposed to that during
post-monsoon.

The box and whisker plots (Fig. 4a, b), representing a
comparison of distribution of the analyzed water quality
parameters based on maximum, minimum and quartile

2.500 ~ y=0.0147x+0.2176 ¢
r=0.46

2,000 -

1.500 -

1.000 -

Fluoride in mg/I

0.500 -

0.000 T T T T |
0.000 10.000 20.000 30.000 40.000 50.000 60.000 70.000

Sodiumin mg/I

(h)

2.500 $ y=-0.1425x+0.617
r=-0.10
2.000
<
[h)
£ 1.500
£ A
o ;
< 1.000
B
5w
3 <
T 0.500 W )
0.000 - . , , .
0.000 0.500 1.000 1.500 2.000
Iron in mg/l
2.500 - ‘
y=0.0006x +0.2805
2.000 - r=0.27
I
)
£ 1.500 - ¢
c
[
T 1.000 - ‘ ‘
e
o
E ¢
T 0.500 - ¢
0.000

0.00 200.00 400.00 600.00 800.00 1000.00 1200.00

Bicarbonate in mg/|

)

values, primarily indicate that groundwater in the study
area is comparatively more alkaline with much lower
conductivity during post-monsoon than that during pre-
monsoon.

Hierarchical cluster analysis

Multivariate statistical analysis methods have been put to
use in various water quality and hydrogeochemical studies.
With the help of these analytical tools various forms of
grouping studies can be performed in case of water samples
4
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Fig. 2 continued

collected from various sources. The multiple water quality
parameters analyzed can be clustered based on their inter-
dependency (Routroy et al. 2013) or sampling locations can
be clustered based on chemical similarity in samples col-
lected from these locations (Singh et al. 2005; Shrestha and
Kazama 2006). In the present study, the StatistiXL soft-
ware has been used to run the Hierarchical cluster analysis
function to group the multiple water quality parameters in
clusters and generate dendrograms for the post-monsoon
(Fig. 5a) and pre-monsoon (Fig. 5b) sessions. The den-
drograms generated demonstrate high homogeneity within
the clusters and high heterogeneity between the clusters
(Sarbu and Pop 2005). The analyzed values of water
quality parameters tested have been standardized (using the
mean and standard deviation values) to lessen the disparity
in range of the quantitative values of each parameter. The
linkage distance amongst the parameters was measured in
terms of squared euclidean distance (and the clustering
method chosen was Ward’s method.

In the post-monsoon session, the closest clusters gen-
erated were that of calcium-total hardness and sulfate-
chloride. The alkalinity or salinity character of water is
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depicted by the sodium-carbonate and bicarbonate-total
alkalinity clusters which further group with the magne-
sium—conductivity cluster. Fluoride forms cluster with pH
and is primarily linked to the iron-phosphate cluster. On a
larger scale three major clusters can be observed from
top—the first one comprising seven parameters (Mg”*, EC,
HCO;, TA, CO327, Na™, KT), second one comprising
five parameters (Ca2+, TH, TDS, 8042_, C17) and the third
one of four parameters (PO43_, Fe2+, F~, pH).

In the pre-monsoon session, the hardness factors like
calcium, magnesium, total hardness are clubbed with TDS
and conductivity. Fluoride is clustered with the alkaline
parameters such as pH, carbonate, bicarbonate and total
alkalinity. Sulfate and phosphate form another distinct
cluster in the pre-monsoon session demonstrating the factor
of anthropogenic contamination of groundwater. In form of
larger clusters three major ones can be observed from
top—comprising of four (SO,*~, K, Na™, PO,>7), seven
(Ca**, TH, CI™, Fe*", TDS, EC, Mg”>") and five parame-
ters (F~, CO5>~, pH, HCO;~, TA).

The major variation observed in clustering patterns of
both sessions is mainly related to fluoride. In post-monsoon
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Fig. 3 Correlation Analysis graphs presenting correlation trends of fluoride with the other analyzed water quality parameters in pre-monsoon

session

session, fluoride contamination seems to be regulated by
iron concentration and pH of groundwater whereas in pre-
monsoon fluoride contamination in groundwater seems to
be regulated primarily by the alkaline factors. Iron in the

pre-monsoon session groups with hardness factors.

Lateritic soil and clay soils dominate parts of the present
study area as depicted in the geological map. Hence
localized presence of iron in excess amounts in ground-
water has been observed both during post and pre-monsoon
sessions. Being a divalent ion, Fe?* also has potential to
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Fig. 3 continued

contribute to total hardness of water. Such a pattern is
observed in the study area during pre-monsoon session,
when iron shares a strong correlation with total hardness
and calcium which is reflected in the pre-monsoon den-
drogram as well, where iron is clustered with parameters
defining the hardness character of groundwater.

Principal component and factor analysis
Principal component analysis (PCA) is a useful statistical

tool for identifying patterns in a data set comprising of
numerous parameters each with wide data range. Using
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principal component analysis method in factor analysis we
can compress the data by reducing the number of dimen-
sions without much loss of information. Factor analysis
(FA) related to principal component analysis, generates an
unobserved or latent variable which mainly compiles
variations in three or more observed variables. Thus factor
analysis as well as principal component analysis methods
are put to use in water quality evaluation studies, where
various parameters are tested in search for particular causes
leading to change in quality of water (Helena et al. 2000;
Reghunath et al. 2002; Yidana 2010). Prior to factor
analysis on the study area data, the skewness and kurtosis
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Fig. 3 continued
Table 3 Correlation coefficient matrix for pre-monsoon session
Parameters PH TDS EC TA TH  Ca** Mg>™ Nat* K*  Fe** (€O~ HCO;~ ClI- SO~ PO~ F~
pH 1.00
TDS —-0.56  1.00
EC —-0.56 099 1.00
TA —-0.10 032 029 1.00
TH —-0.57 084 084 0.12 1.00
Ca** —-0.60 0.69 070 —0.07 091 1.00
Mg*t -035 079 078 036 0.82 051 1.00
Na* -0.26 0.64 062 053 021 016 023 1.00
K" —-0.24 044 040 031 023 018 023 060 1.00
Fe?t —-0.33 042 042 —-0.11 0.65 072 036 005 —0.12 1.00
CO5*~ 0.02 -0.14 -0.16 0.37 -0.11 -0.03 -0.18 0.15 —0.01 —0.01 1.00
HCO;™ -0.12 038 036 097 0.16 —-0.07 043 053 033 —-0.11 0.14 1.00
Cl™ -049 076 079 —-0.18 0.86 090 053 029 018 0.73 —-026 -0.13 1.00
S0,%~ —-044 057 056 —0.06 047 047 032 040 064 —0.03 —026 0.01 049  1.00
PO, -0.08 0.08 006 —-0.12 023 020 020 —0.12 0.16 —0.07 —0.16 —0.09 0.09 0.61 1.00
F 0.02 —-0.01 -0.02 039 -0.18 —0.15 —-0.16 039 0.01 —0.13 0.67 024 —0.19 —-0.15 —0.12 1.00

of each parameter was calculated for post and pre-monsoon
sessions. In the post-monsoon session, conductivity, total
alkalinity, total hardness, bicarbonate and sulfate were
found to be negatively skewed. All the other parameters

were positively skewed. The kurtosis coefficients were
greater than zero (95 % confidence) for all parameters
except sodium and carbonate. In case of pre-monsoon
session, all the analyzed parameters were positively
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Table 4 Varimax rotated factor loadings for post-monsoon session

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
pH 0.478 0.065 —0.294 —0.209 0.237 —0.611
TDS —0.745 0.151 0.555 0.101 —0.097 —0.085
EC —-0.272 0.632 0.513 0.201 —0.178 0.040
TA —-0.014 0.478 0.714 —0.133 —0.227 —0.334
TH —0.517 0.054 0.779 0.190 —0.035 0.240
Ca** —0.629 0.039 0.547 0.221 —0.223 0.258
Mg*" —0.101 0.054 0.799 0.053 0.284 0.102
Na*t —0.524 0.521 0.194 0.081 0.029 —0.546
K" —0.401 0.663 0.130 —0.278 0.088 0.043
Fe?* —0.007 —0.030 0.004 0.948 0.055 0.046
CO;>~ 0.116 0.899 -0.113 0.028 —0.125 —0.161
HCO;™ —0.096 —0.085 0.877 —0.169 —0.168 —0.263
Cl™ —0.945 —0.029 0.049 —0.002 —0.058 0.047
S0, —0.934 0.213 0.088 —0.119 0.090 0.103
PO~ 0.053 —0.118 —0.026 0.050 0.932 0.048
F~ 0.074 0.076 0.113 —0.003 —-0.132 —0.889
Eigen value 6.110 2.677 1.785 1.203 1.109 1.001
% Variance 38.19 16.73 11.16 7.52 6.93 6.26
Cumulative % variance 38.19 54.92 66.08 73.59 80.52 86.78
Fig. 4 a Box and Whisker Plot (a) 1200
for Post-monsoon session, b box
and Whisker Plot for Pre- 1000
monsoon session Max
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Fig. 5 a Dendrogram generated through cluster analysis for post-
monsoon session, b dendrogram generated through cluster analysis
for pre-monsoon session

skewed with kurtosis coefficients greater than zero (95 %
confidence) except for magnesium and sodium. Principal
component and factor analysis were performed for both
sessions using the software StatistiXL following the Kaiser
Normalization and Varimax Rotation procedures (Kaiser
1958).

The Varimax rotated factor loadings for the post-mon-
soon session have been presented in Table 5. Six factors
having Figen values greater than one were generated in the
post-monsoon session and rotations were completed in nine
iterations. Figure 6a presents the scree plot generated based
on the Eigen values of the components. Factor 1 explains
38.19 % of the total variance and besides fluoride and
carbonate which have very low positive loadings, only pH
contributes a significant factor loading which possibly
indicates that and not the other ions analyzed do not con-
tribute significantly towards pH of the groundwater. In that

case, pH could possibly be controlled by biogenic factors
(Helena et al. 2000). pH is negatively correlated to most of
the analyzed parameters which is reflected by the negative
factor loadings of the same. Factor 2 explains 16.73 % of
the total variance and high positive loadings of total
alkalinity, conductivity, sodium, potassium and carbonate
are shown on this factor. High positive loading of potas-
sium and carbonate and moderate loading value for sulfate
demonstrates incidence of anthropogenic contamination
sources. The study area is geologically composed of granite
gneiss type rocks which are composed of alkali feldspars.
Thus high positive loadings of sodium and potassium can
also be attributed to dissolution of alkali feldspars. Factor 3
which explains 11.16 % of the total variance can be termed
as the hardness factor as it shows high positive loadings of
total hardness, calcium, magnesium and bicarbonate. High
positive loading of alkalinity coupled with that of bicar-
bonate also indicates the salinity condition of the ground-
water reserves. Moderately high scores of electrical
conductivity and total hardness shown by factor 3 also
imply chemical leaching of secondary minerals from the
aquifer lithology (Routroy et al. 2013). Weathering of
parent rock bodies and leaching of minerals leading to rock
water interaction seem to be the factors controlling geo-
chemistry of the groundwater. Factor 4 explains 7.52 % of
the total variance and has very high positive factor loading
for iron which can be attributed to the acidic character of
the groundwater system. Factor 5 shows a high (>0.9)
positive loading for phosphate and contributes 6.93 % to
the total variance and can be associated to anthropogenic
contamination factors. Factor 6 explains 6.26 % of the total
variance and demonstrates moderate (>0.2) loadings for
total hardness and calcium. Most of the other parameters
have low or negative loadings thus indicating that this
factor also partially defines the hardness quotient of
groundwater.

The Varimax rotated factor loadings for the pre-mon-
soon session have been presented in Table 5. Five factors
having Eigen values greater than one were generated in the
pre-monsoon session and rotations were completed in
seven iterations. Figure 6b presents the scree plot gener-
ated based on the Eigen values of the components. Factor 1
explains 40.74 % of the total variance. Similar to post-
monsoon session, only pH has a high positive loading for
factor 1. The correlationship of pH with rest of the ana-
lyzed parameters is negative or close to zero in the pre-
monsoon session as well, which has been reflected through
the loading values. Factor 2 explains 19.85 % of the total
variance and shows high positive loadings for total alka-
linity, magnesium and bicarbonate, an average loading
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Table 5 Varimax rotated factor loadings for pre-monsoon session

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
pH 0.610 —0.015 0.272 —0.084 —0.107
TDS —0.776 0.363 —0.454 —0.103 0.011
EC —0.786 0.339 —0.442 —0.118 —0.007
TA 0.020 0.906 —0.173 0.319 —0.069
TH —0.936 0.206 —0.056 —0.113 0.205
Ca** —0.937 —0.108 —-0.074 0.014 0.163
Mg>+ —0.649 0.588 —0.014 —0.257 0.203
Na*t —-0.217 0.342 —0.782 0.247 —0.236
Kt —0.069 0.183 —0.826 —0.021 0.161
Fe?™ —0.816 —0.118 0.256 0.029 —0.206
CO5>~ 0.047 0.102 0.102 0.914 —0.028
HCO5;™ 0.010 0.941 —-0.211 0.103 —0.067
Cl™ —0.923 —0.167 —0.203 —0.170 —0.028
S04~ —0.339 —0.096 —0.697 —0.169 0.568
PO~ —0.066 —0.050 —0.060 —0.068 0.951
F~ 0.098 0.145 —0.141 0.865 —0.088
Eigen value 6.518 3.176 1.886 1.355 1.027
% Variance 40.74 19.85 11.79 8.47 6.42
Cumulative % variance 40.74 60.59 72.38 80.85 87.26
value for sodium and a negative loading score for calcium. Conclusion

This factor can thus be assumed to demonstrate majorly the
salinity character of groundwater. Factor 3 explains
11.79 % and shows low factor loadings for pH and iron.
Based on the pH values at sampling locations of the study
area, factor 3 can be assumed to define the acidic nature of
groundwater. Factor 4 shows high loadings for carbonate
and fluoride values, moderate factor loadings for alkalinity
and it explains 8.47 % of the total variance. Fluoride shows
a positive correlation with carbonate in the pre-monsoon
session which is reflected in the factor loading values as
well. The particularly strong interrelationship of fluoride
with carbonate can be attributed to the calcite—fluorite
geochemistry in groundwater where fluoride bears a neg-
ative correlation with calcium (as reported in the study) and
a positive one with carbonate and bicarbonate. A moderate
score for alkalinity and positive correlation of fluoride with
alkalinity also demonstrates that unlike post-monsoon, rise
in fluoride level in pre-monsoon might be associated with
the alkalinity character of groundwater. Factor 5 explains
6.42 % of the total variance. Very high factor loadings are
demonstrated by sulfate and phosphate in this case. A bulk
of the study area is used for agricultural purposes. Thus
factor 5 can be associated with anthropogenic contamina-
tion of groundwater occurring due to continuous use of
fertilizers and pesticides in this area dominated by agri-
cultural practices.
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Excess fluoride has been observed in two locations of the
study area, both in the post-monsoon and pre-monsoon
sessions and the concentration of fluoride is seen to rise in
the pre-monsoon session. Just like excess presence of
excess fluoride in drinking can lead to dental and skeletal
damages in the human body in form of fluorosis, similarly
consuming water containing less than 0.6 mg/l fluoride can
also lead to dental caries, especially in children in the age
bracket of 6-10. In the present study, during both sampling
sessions, groundwater in many locations have been found
to contain less than 0.6 mg/l of fluoride thus making those
areas prone to dental caries. Total alkalinity, the maximum
permissible limit for which is 600 mg/l, is found to be in
excess in 42 % of the samples in post-monsoon, whereas in
pre-monsoon alkalinity is within desirable limit at all
locations. Iron is present in excess at one location during
post-monsoon, where during pre-monsoon iron content
further rises up to more than 6 mg/l. Rest of parameters
analyzed were all found to be present within the desirable
limit in groundwater. Cluster analysis groups the parame-
ters mainly into hardness, salinity, and dissolved solids
factors in both sessions. Correlation analysis and Hierar-
chical cluster analysis results in post-monsoon do not
reveal a particularly strong correlation or dependence of
fluoride with any other parameter besides pH. In the pre-
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Fig. 6 a Scree plot generated through factor analysis for the post-
monsoon session, b scree plot generated through factor analysis for
the pre-monsoon session

monsoon session fluoride is well clustered with the alka-
linity parameters of water and seems to be regulated by
them. The factor analysis results in pre-monsoon demon-
strate strong affinity of fluoride for carbonate and also
indicate anthropogenic factors playing a role in contami-
nating groundwater. Not all parameters follow the same
trend in both sampling sessions regarding increase or
decrease in their concentration in groundwater. The inter-
relationships amongst them are also observed to change on
a seasonal basis depending on recharge and discharge of
groundwater reserves.
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