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ABSTRACT

In southern India, Attur is a major groundwater province with substantial groundwater quality
and quantity deficiencies as a result of increasing population density and urbanization. In the pres-
ent study, 43 bore well locations are identified in the study area to evaluate the appropriateness of
the nature of groundwater for domestic and irrigation uses. The study region majorly covered by
charnockite, hornblende biotite gneiss, and porphyroclasts bearing mylonites are exposed in the
foothill. The dominant ions in groundwater are as follows K*, >Na*, >Mg*, and >Ca* for cation
and CI-, >HCO;, and >SO;}- for anions. It's revealed that groundwater is mainly alkaline and hard
in nature for domestic uses. Various irrigation indices have been calculated for the evaluation of
groundwater quality parameters for irrigation suitability. The most efficient methods of statisti-
cal analysis are principal component analysis (PCA) and hierarchical cluster analysis (HCA) was
carried out in the study. It has also been found that, weathering of host rocks and their minerals,
agricultural waste, synthetic fertilizers, and anthropogenic activities are strongly influencing the
quality of water in study area. The research concluded that, remedial measures such as primary
treatment are immediately needed before use for drinking uses.

Keywords: Groundwater; Groundwater quality; Domestic and irrigation uses; Irrigation indices;

PCA; HCA

1. Introduction

Groundwater is an important renewable natural
resource, and it plays a vital role in the day-to-day life of
living organisms and in the ecosystem. It is an inevitable
source of water for domestic and irrigation uses in differ-
ent parts of the world. Usage of high elevated water con-
taminated drinking water is a major reason for about 80%
of diseases in developing countries [1]. The natural ground-
water if generally controlled by the climatic condition, rain-
fall the other reason for the alteration of the groundwater
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is by the anthropogenic activities such as land use, agricul-
ture practice, industrial activities, and saline intrusion due
to overexploitation [2]. For the past two decades, the qual-
ity of groundwater and hydrochemistry studies has been
progressively on a global scale to monitor uncontrolled
extraction and contamination due to rapid urbanization and
industrialization. Assessment of drinking water quality is
very important for the sustainable and clean water supply,
human health, and integrity of the water environment. It is
worth evaluating the quality of groundwater resources in
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India as an important step forward for developing water
resource management, meanwhile rural part of the country
majorly depends on the groundwater for both purposes. To
ensure the quality of groundwater for drinking, periodical
monitoring is essential in urban regions [3].

In the past decade, many researchers concentrated more
in groundwater monitoring and quality evaluation for
drinking and irrigation uses. Nowadays, groundwater qual-
ity is declining day by day as a result of over-exploitation
and anthropogenic influences such as sewages, agricultural
fertilizers and pesticides, untreated industrial effluents.
Rajmohan and Elango [4] investigated in the southern part
of India and describe the groundwater quality influenced by
types of aquifer, rock-water interaction, presence of carbon-
ate, and dissolution of silicate. Li et al. [5] studied ground-
water contamination in Tongchuan, Northwest China and
reveals that, due to increase in population and over explora-
tion of groundwater are the main factors affects the nature
of the groundwater. Singh et al. [6] studied the multivari-
ate statistical and geochemical modeling of groundwater in
the Delhi region and found that action of weathering, ion
exchange, and anthropogenic activities are the factors that
affect the nature of groundwater. Narsimha et al. [7] car-
ried out to assess the groundwater quality by using water
quality index in the Telangana region and found that lith-
ological effects, and excessive an amount of fertilizers used
for agriculture purposes are the factors that affect the quality
of groundwater. Rostami et al. [8] investigate the ground-
water quality index using hybrid modeling and geospatial
techniques and found that, geographical weightage regres-
sion, and hybrid methods of estimation are more practical
and useful to decision-makers in water resources manage-
ment. Eslami et al. [9] studied the hydrochemical charac-
teristics of groundwater using water quality index in Jiroft,
Iran. They preferred that; hierarchical cluster analysis of
the groundwater samples shows that major ion concentra-
tion for pollution. Xu et al. [10] investigated the ground-
water pollution in the central-western Guanzhong basin,
china and reveals that, rock water interaction and anthro-
pogenic activities are factors plays a vital role of groundwa-
ter quality in arid and semi-arid region. Srinivasamoorthy
et al. [11] studied the lithological impact on groundwater
characterization in Salem district and found that litholog-
ical and anthropogenic activities are the major factor that
influences the nature of groundwater.

Geographic information system (GIS) is an effective
tool to evaluate the potential level of the contamination and
graphical representation of geochemical data of ground-
water. Spatial distribution maps may be used as an effec-
tive tool for decision-makers in local bodies. Groundwater
potential and contamination maps are used in earth science
in order to assess the level and to predict the variation in
groundwater quality [12-19]. Spatial variation of ground-
water generally, relies on its geological formation and
its anthropological impact on groundwater [20-22]. This
study aimed to evaluate the groundwater characteristic in
semi-arid region in the Salem district, Tamilnadu, India.
Attur is one of the fast-growing areas in the Salem district.
There is also a high rate of urbanization and intensive farm-
ing, which represents a high demand for quality water in
this area. In the study area, an amount of rainfall intensity,

geological settings, and presence of minerals in the aquifer
are the main factors that can remodify the concentration
of chemicals in groundwater. These are the major factors
that modify the nature of groundwater chemistry and its
quality. The core intention of the research is to evaluate the
geochemical properties of groundwater in the hard rock
region of Attur and assess its suitability for drinking and
agricultural purpose. The outcome of the research is going
to be elaborating on the contamination level of groundwa-
ter and helpful for decision-makers in the water resource
department in the Attur region.

2. Description of the study area

Attur is located in the eastern part of the Salem district,
Tamil Nadu, India. It has an area of 611.60 km? in between
Kalrayan hills and Pachaimalai hills marked with geo-
graphical coordinate’s 11°26'30” N — 11°41'30” N latitude
and 78°26'16" E — 78°49'50" E longitude (Fig. 1). Attur is
the second largest city in the Salem district. Vasishta Nadhi
drains the central part of the study area with numerous
tributary streams originating from the Kalrayan hills, flow-
ing from west to east. People depend on agricultural and
industrial activities for their living. The main crops culti-
vated are rice, betel leaves, millet, pulses, turmeric, sugar-
cane, tapioca, cotton, groundnuts, gingelly, and oilseeds. It
is also famous for its rainfed and irrigated crops. There are
a number of sago factories and rice mills in the study area.
Attur Taluk is mainly comprised of crystalline archaean for-
mations with recent alluvium is seen along with the courses
of the Vasishta Nadhi River and in the inter-mountain val-
leys. The rocks are represented by the Gneissic group and
charnockite group. The major part of the study region is cov-
ered by charnockite, hornblende biotite gneiss, and porphy-
roclasts bearing mylonites are exposed in the foothill. The
study area is charnockites and gneisses form the basement
complex which occupies the most of the area. The met sedi-
ments, magnetite-quartzite, and amphibolites, are found in
the synclinal outliers in the western part (Fig. 2a). Generally,
gneisses are highly weathered and display fractures and
joints. The maximum elevation is 817 m above MSL and
minimum is 140 m above MSL. The climate of the study
area is semi-arid and temperature varying from 18.07°C to
44°C. The study area receives rain from both north—east-
ern and south—-western monsoons under the influence. The
north-east monsoon predominantly contributes to the rain-
fall, even though the south-west monsoon rainfall is highly
erratic. The average annual rainfall is 777 mm.

A detailed soil investigation was carried out in the
Attur taluk of Salem district. Based on variation in physiog-
raphy and landform, eight soil series were identified in the
study area. About 30% of the sample locations are highly
eroded, moderately well-drained calcareous associated with
clay soils, 20% of the study area covered by moderately
deep, well-drained loamy soil with a gentle slope and asso-
ciated with moderately shallow clayey soils. It shows that
non-calcareous soil type covered a partial part of the study
area. In the southeast part of the study area covered by hilly
terrains with excessively drained gravelly loam soil. A few
sample stations are covered by very deep, well-drained
loamy soil (Fig. 2b).
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3. Materials and methodology

A total of 43 samples of groundwater were collected
from different locations (bore well/hand pumps) in Attur
Taluk during the pre-monsoon season. High-density poly-
thene bottles of 1 L capacity were used as sample contain-
ers. Bottles for the cation analysis were rinsed with HNO,
acid and rinsed with distilled water 2-3 times in order to
avoid contamination. The wells were pumped for 5-10 min
prior to the sample collection, to reduce the influence of
accumulated pipe water. Hydrogen concentration (pH)
and electrical conductivity (EC) were measured in the filed
using handheld devices Elico pH meter and conductiv-
ity meter. After the collection, sample bottles were sealed,
transported, and stored properly (4°C) till analyzed. The
physicochemical parameters such as pH, EC, total dissolved
solids (TDS), major cation such as calcium (Ca*), magne-
sium (Mg?), sodium (Na*), and potassium (K*), major anion
such as chloride (CI"), sulfate (SO7"), carbonate (CO;), and
bicarbonate (HCO;) were analyzed using standard methods
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recommended by American Public Health Association
(APHA) [23]. In the laboratory, Ca*, Mg*, CI, and HCO;
were determined by volumetric titration methods. Na" and
K* were analyzed using a flame photometer. SO}~ was ana-
lyzed using a spectrophotometer. The total hardness (TH)
of CaCQ, is computed by Ca* + Mg* x 50 (meq). The ionic
balance error (IBE) equation is used to obtain the accuracy
of the analytical results of all samples between the concen-
tration of the total cation and the anion reported in milli-
equivalent per litre (meq/L) and calculated using Eq. (1).
The value of IBE is expressed in percentage and it was
recorded in the range of +10%.
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100 1)

GIS software package ArcGIS 10.4 using inverse dis-
tance weighting (IDW) method were used to create a spatial
distribution map for water quality parameters [24,25]. Fig. 3
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demonstrates the comprehensive methodology adopted in the
present work. In addition, groundwater quality parameters
for irrigation suitability was estimated using multiple irriga-
tion water quality indices such as sodium absorption ratio
(SAR), Kelly ratio (KR), sodium percentage (Na%), mag-
nesium hazards (MH), residual sodium carbonate (RSC),
permeability index (PI), and potential salinity (PS) using
Egs. (2)~8). All values of the irrigation indices are expressed
in meq/L.
Sodium absorption ratio:

Na

SAR = ——————
(Ca+Mg)/2

@

Residual sodium carbonate:
RSC =(HCO, +CO, ) -(Ca+Mg) ®)
Permeability index:

JHCO, +Na
PI=—V—

@
(Na +Mg + Ca)

Magnesium hazards:

_ Mgx100
Ca+Mg

MH @)

Percentage sodium:

(Na+K)x100

%Na=———"——
Ca+Mg+Na+K

(6)
Kelly ratio:

Na*

KR=——r—r
Ca™ +Mg™

@)

Table 1
Descriptive statistical analysis of groundwater quality parameters

177

Potential salinity:

PS=Cl + % xSO?" )

4. Result and discussion

The drinking water quality guidelines were specified
by the World Health Organization (WHO) in 2011 [26].
The statistical summary of the different physicochemical
parameters in groundwater as along with WHO drinking
water guidelines are presented in Table 1.

4.1. Physical characteristics of groundwater
4.1.1.pH

pH is an important parameter to evaluating the acidic
or alkaline nature of the water. In case the pH value is
not within the desirable range (6.5-8.5) recommended by
WHO and BIS [27], it causes effects in humans such as skin
to become dry, itchy and irritated, etc., and the results in
pipe materials are corrosion, scale formation. The pH lev-
els for groundwater in the study area varied between 7.3
and 8.5, with an average of 7.77, indicating slightly alka-
line in nature. Fig. 4a represents that, all samples fall within
the acceptable limit as recommended by BIS and WHO
standards.

4.1.2. Electrical conductivity

In the study area, the EC value varies from 166 to
3,700 puS/cm, with a mean of 1,510.9 uS/cm (Table 1). As per
WHO guidelines, the allowable limit of the EC is 1,500 uS/
cm. Fig. 4b shows that, 312.06 and 299.36 km? of area are
most desirable and not permissible level of EC, respectively.
However, an acceptable level of EC is 53.5% of groundwater
samples and the remaining 46.5% of groundwater samples
are not permissible. Classifications of groundwater based on
EC (Handa) [28] are represented in Table 2. Silicate weath-
ering, carbonate dissolution, exchange of ions, oxidation,

Parameters Minimum Maximum Mean Median SD Kurtosis  Skewness WHO, 2011
Most desirable  Not permissible
pH 7.30 8.54 7.77 7.73 0.30 -0.27 0.49 6.5-8.5 <6.5 and >8.5
EC 166.00 3,700.00 1,510.94 1,431.91 79648  0.77 0.80 <1,500 >1,500
TDS 106.24 2,190.05 892.11 874.00 467.30  0.83 0.86 <500 >1,500
TH 300.00 1,676.75 777.21 712.49 274.50 1.53 0.98 <100 >500
Ca? 60.00 250.00 126.99 131.00 36.57 2.04 0.74 <75 >200
Mg? 12.00 174.00 84.23 86.00 4091 -0.29 0.10 <50 >150
Na* 13.00 457.00 157.12 135.88 93.10 1.56 0.99 <200 >200
K* 0.00 94.46 34.29 20.00 31.81 -1.35 0.53 <10 >10
Cl- 12.50 716.00 239.62 234.26 134.73 291 1.44 <200 >600
HCO; 82.00 769.00 237.86 198.65 137.83 437 1.90 <300 >600
SO 7.00 421.00 154.93 153.00 86.50 1.07 0.60 <400 >400
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Fig. 4. Spatial distribution (a) pH and (b) EC.

and anthropogenic activities are the main factors for high
elevated of EC in groundwater [29,30].

4.1.3. Total dissolved solids

TDS is a mixture of organic dissolved matter and inor-
ganic salts in water [31]. In the study area, TDS values

varied between 106.24 and 2,190.05 mg/L with a mean value
of 892.1 mg/L. The spatial distribution map of TDS is most
desirable 21% of groundwater samples, the maximum
allowable limit 67.4% of samples and the not permissible
limit 11.6% of samples (Fig. 5a). As per Davies and Dewiest
[31] classification, all sample locations are fit for both
domestic and agriculture uses (Table 3).
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Classification of groundwater based on EC
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EC (uS/cm) Water type Classification No. of samples % of samples
0-250 Low Excellent 1 2

251-750 Medium Good 4 9

751-2,250 High Permissible 32 75
2,251-6,000 Very high Doubtful 6 14
6,001-10,000 Extensively high Poor - -
100,001-20,000 Brines weakly concentration Very poor - -
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Fig. 5. Spatial distribution (a) TDS and (b) TH.
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Table 3
Classification of groundwater of the study area based on TDS and TH
Parameter (mg/L) Range Classification No. of samples % of Samples
<500 Desirable for drinking 9 20.93
DS 500-1,000 Permissible for drinking 18 41.86
1,000-3,000 Useful for irrigation 16 37.21
>3,000 Unfit for drinking and irrigation - -
<75 Soft - -
TH 75-150 Moderately hard - -
150-300 Hard 1 2.33
>300 Very hard 42 97.67

4.1.4. Total hardness

A concentration of calcium and magnesium are the
major ions influence the presence of hardness in ground-
water [32]. TH ranges from 300 to 1,676.75 mg/L with a
mean of 777.2 mg/L. About 9.3% of the total hardness of
groundwater is within the permissible limit of 400 mg/L
and 90.7% of the samples are not permissible for drinking
purpose recommended by BIS and WHO. In a study region,
592.47 km? of area are not permissible and 19.12 km? of
area are acceptable level (Fig. 5b). In addition, Sawyer et
al. [33] classification of total hardness, all samples belong
to a very hard nature (Table 3). A detailed classification
of groundwater quality on the basis of TDS and TH is
shown in Fig. 6. Around 37% of the samples were catego-
rized as a hard-brackish type and the remaining 63% of
samples were classified as hard yet fresh groundwater [34].
High concentrations of hard water might have an adverse
effect on the drinking water supply and the consumption
of more soap in laundries, as well as on human health.

4.2. Chemical characteristics of groundwater
4.2.1. Calcium

According to WHO guidelines, the permissible and
maximum permissible calcium level in drinking water
is 75 and 200 mg/L, respectively. Calcium concentra-
tion ranges from 60 to 250 mg/L with a mean value of
127 mg/L (Table 1). About 95.34% of the sample locations
are fit for drinking uses and two locations such as Attur
and Ramanathapuram are observed as not suitable for
domestic purposes (Fig. 7a). Some anthropogenic activ-
ities like an excessive amount of fertilizer, pesticides
may be a major cause of higher concentration of cal-
cium ions. Calcium minerals such as calcite, plagioclase,
and hornblende may be a natural source as they are the
main source of calcium in groundwater. Charnockite
and hornblende-biotite-gneiss are the main rock types in
the study area and act as the main source of Ca* in the
groundwater [35].
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Fig. 6. Groundwater quality in the study area based on TDS and TH.
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4.2.2. Magnesium

The concentration of Mg* ranges from 12 to 174 mg/L
with a mean value of 84.2 mg/L (Table 1). Attur and
Kattukottai locations covered by charnockite rock, which
has Mg-rich pyroxene as the predominant mineral, it may
also be a significant source of Mg? in such areas [36].
The spatial distribution of a magnesium concentration is
30.86 km? of area is desirable, 576.89 km? is maximum per-
missible and 3.87 km? is not suitable for drinking purposes
(Fig. 7b). The possible source of magnesium in the area may

be agricultural activities and wastewater discharged from
the domestic and sago factories [37].

4.2.3. Sodium

In a study area, the concentration of sodium ion ranges
from 13 to 457 mg/L with a mean value of 157.1 mg/L.
In 79% of the samples found within the allowable limit and
21% of the samples, Na" exceeded the standard permissi-
ble level recommended by the WHO drinking water guide-
lines. The spatial distribution of sodium in the study area
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is shown in Fig. 8a and it reveals that, 520.82 km? of the
area observed that permissible limit and the 90.77 km? of
the area was recorded as not permitted for drinking pur-
poses. The concentration of sodium in groundwater played
a significant role in irrigation and triggered both increased
hardness and a reduction in the soil permeability [38].
It makes the water in salt tasty. This is attributed to the weath-
ering or degradation of soil salt, which is held as well as the
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agricultural practices and poor drainage conditions due to
the effects of evaporation and anthropogenic activities [39].

4.2.4. Potassium

Potassium concentrations ranged from 0 to 94.46 mg/L
with an average value of 34.3 mg/L (Table 1). According to
WHO guidelines, the permissible level for drinking water
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in potassium is 10 mg/L. In this study K' concentrations,
within the permissible limit in 19 (44.2%) samples, and
the remaining samples exceed the limit. Spatially most of
the area observed at a high potassium concentration of
595.86 km? is not permissible and the most desirable limit
is 15.68 km? (Fig. 8b). High potassium concentrations may
originate from K-Feldspar, which is present in the formation
of charnockite and hornblende-biotite-gneiss and fertilizer
(located in agricultural area), which is strongly retained by
the soil of clay particles [40].

4.2.5. Hydrochemical facies of groundwater

Piper trilinear diagram described the water types
and identified the major ions influencing the quality of
groundwater. Fig. 9 represents the hydrochemical facies
of groundwater in the study area. It reveals that, 83.72% of
the samples fall in the mixed concentration of Ca*-Mg*—
CI- type, 9.30% of the samples fall in the Ca*-Cl- type
and 6.98% of the sample locations fall in the Na*—ClI" type.
It indicates that, the major ions such as calcium, magne-
sium, sodium, and chloride play a vital role in the qual-
ity of groundwater [41]. Inadequate rainfall, evapora-
tion, rock water interaction, ion exchange process are the
major factors that influencing the nature of groundwater.

4.2.6. Gibbs plot

Gibbs used to identify major processes controlling
the hydrochemistry. It clearly describes the chemistry
of the water, which is stored in the lithology of the aqui-
fer and residence time. Three types of separate fields in a
plot are evaporation dominance, rock water interaction,
and evaporation dominance. Fig. 10 shows that, Gibbs
anion and cation of groundwater in a study area. It reveals
that, more than partial numbers of sample locations fall
in the rock water interaction type and few of the sam-
ple locations fall in the evaporation dominance type. It
indicates that a poor pattern of rainfall, evaporation, and
weathering is the major factor influencing the quality of
groundwater.

4.2.7. Chloride

Chloride is one of the essential parameters for the
indication of organic matter in water. The excessive chlo-
ride content in drinking water can affect the taste, kidney,
heart problem, oxidation, and digestibility of the water [42].
The concentration of chloride varies from 12.5 to 716 mg/L
with a mean value of 239.6 mg/L (Table 1). Fig. 11a shows
that, 19 sample (140 km?) locations are fall in permissible
limit. On the other hand, 23 samples fall within the max-
imum allowable limit 200-600 mg/L, covering 469.36 km?
and around the Kattukottai region it is exceeded the limit
(716 mg/L) in 2.03 km? The main source of chloride at
higher concentrations is the influence of percolation, leach-
ing, contamination, dissolution, discharge of domestic, and
industrial effluents [43-45]. Weathering of halite rocks,
household waste, manures, septic tanks, and waste disposal
sites are the main causes of high chloride content in the
study area.
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Fig. 10. Mechanisms controlling hydro geochemistry in
study area.

4.2.8. Bicarbonate

In this study area, HCO; values varied between 82
and 769 mg/L with a mean value of 237.9 mg/L (Table 1).
The bicarbonate distribution map shows the acceptable,
maximum allowable, and not permissible limits of drink-
ing water of 521.67, 87.75, and 2.20 km?, respectively (Fig.
11b). The increase in the concentration of HCO; may be
due to the dissolution of CO, gas into the water in the air
or soil, and the return flow of irrigation containing pre-
cipitated carbonate minerals in the soil [46]. The COZ and
HCO; may be derived from silicate rock weathering, COZ-
precipitate dissolution, and CO, gas from the atmosphere
and soil [47].

4.2.9. Sulfate

Sulfate concentration in the study area varies between
7 and 421 mg/L with an average of 154.9 mg/L (Table 1).
The sulfate distribution map shows the acceptable and
not permissible limits of drinking water in a 611.44 and
0.16 km? of the study area, respectively (Fig. 12). In the area
around Thandrayapuram, the percolation of sulfate-rich
water from agricultural runoff is high in sulfate concentra-
tions. According to WHO guidelines, a sulfate concentra-
tion of surpassed 400 mg/L with sodium or magnesium can
cause gastrointestinal irritation.
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4.3. Irrigation indices

To assess the suitability of groundwater for irrigation
purposes different indices such as SAR, RSC, PI, PS, MH,
(%Na), and KR were calculated and the statistical summary
of the results is presented in Tables 4 and 5.

4.3.1. Sodium absorption ratio

The exchangeable Ca* and Mg* ions are replaced by
Na, the high Na* content of irrigation water changes the

soil characteristics and reduce the crop yield [48]. In the
present work, the SAR values ranged from 0.21 to 8.70 meq/L
with a mean value of 2.74 meq/L (Table. 4). The spatial
distribution of SAR in the study area is shown in Fig. 13a.
The SAR classification shows that all groundwater samples
are excellent for irrigation purposes (Table 5). In addition,
Fig. 14a shows that, USSL classification of groundwater
to assess its suitability for irrigation uses. About 32 sam-
ple locations fall in the high conductivity and low salinity
(C3-51), each 2 sample locations fall in the C3-52 and C4-
S1 category, the remaining one sample is C4-S3 category. It
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Table 4
Statistical summary of computed water quality parameters for irrigation
Irrigation indices Minimum Maximum Average Median Standard deviation Kurtosis Skewness
SAR (meg/L) 0.21 8.70 2.74 2.55 1.63 3.22 1.20
%Na (%) 6.45 65.58 36.15 35.98 13.35 0.15 -0.26
RSC (meq/L) -22.84 2.54 -9.30 -9.23 5.08 0.20 -0.18
MH (%) 11.19 69.92 49.62 52.32 14.02 1.16 -1.16
PI (%) 11.06 75.61 43.39 44.77 15.22 -0.12 0.07
PS (megq/L) 1.09 21.05 7.31 7.13 3.88 291 1.43
KR 0.04 1.90 0.57 0.53 0.38 2.79 1.31

indicates that the more than partial number of sample loca-
tions is suitable for irrigation in almost all soil and crop type.

4.3.2. Residual sodium carbonate

Residual sodium carbonate value is used to evaluate the
suitability of groundwater for irrigation in clay soils with
high cation exchange capacity [49]. In general, the high con-
centration of carbonate and bicarbonate is due to the alka-
line nature of the soil, which is unfavorable for agricultural
use. In a study area, RSC ranged from —22.84 to 2.54 meq/L
with an average of —9.30 meq/L (Table 4). The RSC value less
than 1.25 indicates that groundwater is safe for irrigation
purposes, 42 samples (98%) were safe for irrigation in the
study area, and 1 sample (2%) were marginal to unsuitable
for irrigation purposes (Table 5, Fig. 13b).

4.3.3. Percentage of sodium

Excess sodium in irrigation water, deteriorate the soil
structure, and reduces crop yield. When the sodium ion

concentration in the irrigation water is high, Na* tends to
be absorbed by clay particles, replacing magnesium and
calcium ions. This process of sodium exchange in water for
Ca? and Mg” in soil reduces permeability and ultimately
leads to poor internal drainage of soil. In the study area,
%Na ranged from 6.45% to 65.58% with an average of 36.15%
(Table 4). It is observed that 35 samples were classified as
excellent and good for irrigation, followed by 15 samples
and 1 sample were categorized as moderate and doubtful for
irrigation (Table 5, Fig. 15a). In addition, the Wilcox classifi-
cation [50] of groundwater was carried out in the study area.
Fig. 14b represents that, 81% of sample locations fall in good,
5% of sample locations fall in moderate and 14% sample
locations fall in doubtful for irrigation uses.

4.3.4. Magnesium hazards

Magnesium hazards is an important index value to
assess the suitability of water for irrigation purposes.
Calcium and magnesium generally retain a stable form
in groundwater [51-53]. In some cases, more magnesium
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Table 5

Irrigation water quality of groundwater based on various irrigation indices

Irrigation indices parameters Range Water class Pre-monsoon
No. of Samples % of samples
0-10 Excellent 43 100
Sodium absorption ratio (SAR) 10-18 Good 0 0
18-26 Doubtful 0 0
>26 Unfit 0 0
<1.25 Good 42 98
Residual sodium carbonate (RSC) 1.25-2.5 Doubtful 0 0
>2.5 Unfit 1 2
>75 Class-1 1 2
Permeability index (PI) 25-75 Class-1I 37 86
<25 Class-III 5 12
) <50 Suitable 18 42
Magnesium hazards (MH) +50 Unsuitable o5 58
<20 Excellent 0 0
20-40 Good 35 81
Percentage sodium (% Na) 40-60 Moderate 2 5
60-80 Doubtful 6 14
>80 Unfit 0 0
<1 Suitable 38 88
Kelly ratio (KR) .
>1 Unsuitable 5 12
<5 Excellent to good 12 28
Potential salinity (PS) 5-10 Good to injurious 22 51
>10 Injurious to un-satisfactory 9 21

present in water affects the soil quality and converts it to
alkaline, which reduces the yield of the crop. If the mag-
nesium hazard exceeds 50, then the water is hazardous to
agriculture and unsuitable for irrigation. Magnesium haz-
ards range from 11.19 to 69.92 at an average value of 49.62
in the study area (Table 4). The magnesium hazards in 58%
of the bore well water samples exceed 50 and are not suit-
able for irrigation purposes (Table 5, Fig. 15b). In the study
area, mainly charnockite rock, with Mg-rich pyroxene as
the predominant mineral and the origin of excess magne-
sium in groundwater [54].

4.3.5. Permeability index

Permeability is mainly controlled by ions Na, Ca, Mg,
Cl, and HCO;, of the soil and is influenced by long-term use
of high salt content irrigation. In the agricultural perspec-
tive, a high permeability index, combined with geological
characteristics, would facilitate the widespread pollution
of underground water. According to Doneen classification
[55], class I (>75%), class II (25%-75%), and class III (<25%).
The PI value ranges from 11.06% to 75.61%, with an aver-
age of 43.39% (Table 4). The Doneen classification shows
that 2% and 86% of the samples in class I and II mean that
the water is suitable for irrigation and that the remaining
12% of the samples in class III are not suitable for irrigation
purposes (Table 5, Fig. 16a).

4.3.6. Potential salinity

PS is determined as the chloride concentration of almost
half of the sulfate concentration, which might also imply
the suitability of groundwater for agriculture. The PS values
ranged from 1.09 to 21.05 meq/L, with a mean of 7.31 meq/L.
Classifications for groundwater quality on the basis of PS
are shown in Table 5. About 28% and 51% of samples were
classified as excellent to good and good to injurious class,
respectively (Table 5). The remaining 21% of the samples
classified as injurious to unsatisfactory indicate that, not
suitable for irrigation [21,56,57]. The spatial distribution
of PS classification of irrigation water quality is shown
in Fig. 16b.

4.3.7. Kelly ratio

The concentration of sodium calculated against calcium
and magnesium ion is known as Kelly ratio [58,59]. It is
an important factor to assess the suitability of groundwater
for irrigation uses in a study area. The value of Kelly ratio,
less than one is suitable and greater than one is unsuit-
able for irrigation uses. In the study area, the Kelly ratio
ranged from 0.04 to 1.90 with an average of 0.57 (Table 4).
In that regard, 88% of the samples fell within the allow-
able limit of less than 1 and were categorized as suitable
and safe for irrigation purposes, while the remaining 12%



P. Balamurugan et al. / Desalination and Water Treatment 208 (2020) 172195

187

78°300°E 78°350°E 78°420"E 78°480°E
N
a
= Ath Unattur A
5 ' e
w | B
@0 | 4
8 3
=
3 3
o | =
o &
Thedavur
39
Legend
@ Important Locations
% * Groundwater Sample Locations z
9 [ ] Excellent (0 - 4 meq/) - 574.20 km? | 3
o o
= - 12 I Excellent (4 - 8.7 meq/l) - 37.41 km? =
[ : : Tkm
78°300°E 78°36'0'E 78°420°E 78°480"E
78°300°E 78°360°E 78°420°E 78°480°E
b N
=
Al
I 3
01 | o
3 3
=
& £
ae g
™ | =
o )
Thedavur
39
Legend
@ Important Locations
g * Groundwater Sample Locations z
o« Q
Eg- |:| Good - (< 1.25 meq/l) - 610.06 km? _§
2 e . I Dpoubtful - (1.25 - 2.5 meq/l) - 1.55 km? =
L 1 [ 1

78°30°0"E 78°36'0°E

Fig. 13. Spatial distribution (a) SAR and (b) RSC.

of the samples exceeded the allowable limit of more than 1
and were categorized as unsuitable for irrigation purposes
(Table 5, Fig. 17).

4.4. Box plot of the groundwater

Box plot one of the efficient methods to identify the
anion and cation dominance. It used to represent time-
based concentration and influence of major ions. The plot

78°420°E 78°480°E

estimated the mean, median, and standard deviation of
groundwater [60]. The top and bottom of the rectangular
box represent the upper and lower quartiles of the param-
eters. The middle line represents the median and the size of
the box indicates the spores of the central value. In a study
area, the box plot of groundwater reveals that influenc-
ing by the order of Na* > Ca* > Mg?* > K* for cations and
CI"> HCO; > SO? for anions (Fig. 18). It represents that, the
chemical composition of groundwater highly dominated by
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the processes of weathering of minerals, rock water inter-
action, ion exchange process, and anthropogenic activities.

4.5. Principal component analysis

PCA has been carried out on the groundwater parame-
ters to identify and describe the geochemical processes and
sources of pollution dominating the nature of groundwa-
ter in the study area. Fig. 19 shows that, scree plot of the
principal component of the variable and five components
have an eigenvalue of greater than 1. In the present study,
principal components corresponding to loading values of
greater than 0.65 (bold), five principal components were
extracted by the varimax rotation method and total vari-
ance is 77.28 % are presented in Table 6 and Fig. 20. PC1

Table 6
Loading factors of groundwater parameters

reveals that TDS, EC, Na*, CI, and SO}  are positively
weighted (strong correlation) with 18.92% of the total vari-
ance and it described that, rock weathering and anthro-
pogenic activities are major sources of contamination in
the study area. PC2 shows that TDS and EC are positively
correlated and Ca*" and Mg?*" are negatively correlated. A
variance of PC2 is 18.61% and a cumulative variance of
37.54%. The negative values indicate weathering of parent
rock minerals are dominated by the quality of groundwater.
PC3 illustrates 16.63% of the variance with positive weight
on K* ion is high among all the major ions and 54.17% of
cumulative variance. It shows that groundwater quality
influenced by weathering of potassium-rich minerals like
feldspar and potash rock. PC4 has 11.78% and 65.96% of
the total and cumulative variance. It indicates that SO}~ rich

Variable PC1 pPC2 PC3 pPC4 PC5
pH 0.088 0.462 0.522 0.438 0.177
TDS 0.670 0.647 -0.046 —-0.061 -0.246
TH 0.584 -0.521 0.032 0.319 -0.040
EC 0.635 0.668 -0.039 -0.163 -0.239
Ca* 0.429 —-0.622 0.462 -0.003 0.074
Mg* 0.555 —0.365 0.292 -0.287 —-0.245
Na* 0.688 0.019 -0.378 —0.099 0.539
K* 0.322 0.066 0.569 —0.265 -0.301
CI- 0.805 —-0.182 —-0.205 —0.145 0.176
CcOox -0.101 0.256 0.435 0.364 0.397
HCO; 0.028 0.176 0.270 -0.576 0.636
SO 0.665 0.011 -0.135 0.606 0.053
Eigen value 2.271 2.234 1.996 1.414 1.358
% Variance 18.928 18.618 16.632 11.784 11.320
Cumulative variance 18.928 37.545 54.177 65.962 77.282
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minerals are dominated. PC5 has 11.32% and 77.28% of
total and cumulative variance [61].

4.6. Hierarchical cluster analysis

HCA is widely used to represent the cluster group of
each parameter and sample locations in the study area.
This linkage method used to determine the distance

between the group of samples as a function of the pair-
wise distance between observation. In a study area, HCA
was achieved for water quality parameters and sample
locations were carried out. Fig. 21a represents, the chem-
ical parameters are classified into three clusters. Cluster 1
comprises of pH, COZ, K*, Ca*, Mg*, Na*, SO, CI', and

HCO;. The second cluster comprises, TDS and TH. Cluster
3 measures EC. Cluster 1 represents the total dissolution
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of all ions and reveals that weathering and anthropogenic
activities (domestic waste, quality of irrigation water, and
excess utilization of chemical fertilizers) are the factors that
influence the nature of groundwater. Fig. 21b represent the
linkage of sample locations in the study area. The sample
locations are classified into eight different groups using
linkage methods. The group 1 comprise (4,21,26, and 32)
9.30% of the sample locations, group II measures (3,6,8,12

,13,16,17,23,29,33,36,37,39,40,41, and 43) 37.20% of sample
locations, 1,5,22,30,34,35,38, and 42 sample locations are
group III, group IV comprises 9,15, and 28, group V com-
prise 7,10,19,20, and 25, group IV comprise 2,14,17, and 24,
and group VII measures 11,18, and 31.The result of HCA
reveals that, geogenic process, weathering of parent rocks,
reverse ion exchange process and anthropogenic activities
are highly influencing the nature of groundwater quality.
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5. Conclusion

In the present study, the assessment of groundwater
quality for drinking and irrigation purposes in Attur Taluk
was evaluated in accordance with the suggested standard
guidelines. The study draws the following conclusions.

* Groundwater is predominantly alkaline in nature from the
study area. The EC (46.5% of samples) and TDS (11.6% of

samples) values were found to be greater than the accept-
able limit as per WHO guidelines. As per Davies and
Dewiest classification of TDS, all groundwater samples
are suitable for drinking as well as for irrigation purposes.
¢ Total hardness 9.3% of the samples within the permissi-
ble limit of 500 mg/L and 90.7% of samples surpasses the
limit which causes groundwater that is not suitable for
drinking purposes according to WHO guidelines. This
indicates that the study area is very hard in nature.
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The dominant constituents of water are as follows
K* > Na* > Mg* > Ca* for cation and CI- > HCO; > SO
for anions. The primary sources of weathering of rocks
(Charnockite and hornblende-biotite-gneiss) and their
minerals, with secondary sources of agricultural waste,
manures used, and anthropogenic activities are strongly
reflected in the study area.

SAR values were less than 10, indicates that the area’s
groundwater is suitable for irrigation in almost all soil
and crop type. About partial number of sample locations
fall in the high conductivity and low salinity (C3-S1). The
RSC value, 42 samples (98%) were safe for irrigation in
the study area, and only one sample in the south—eastern
part of Puliankurichi (2%) were marginal to unsuitable
for irrigation purposes.

The %Na is 98% of the samples fall in excellent to per-
missible, and only one sample in the southern part of
Sellampatty was dubious for irrigation. Wilcox classifi-
cation reveals, 81% of sample locations fall in good, 5%
of sample locations fall in moderate, and 14% sample

locations fall in doubtful for irrigation uses. The mag-
nesium hazards of 58% of the bore well water samples
exceed 50 and are not suitable for irrigation purposes.
The PI shows that 2% and 86% of the samples in class I
and II, respectively, that the water is suitable for irriga-
tion and 12% of the samples in class IIl indicates that, not
suitable for irrigation purposes.

® (lassifications for groundwater quality on the basis of
PS were shown in 21% of the samples classified as inju-
rious to unsatisfactory, indicating that the groundwater
is not suitable for irrigation. Kelly ratio values indicate
that 12% of the samples surpassed the allowable limit of
more than 1 and were categorized as unsuitable for irri-
gation purposes in the south, south—east and west of the
study area.

e Statistical analysis reveals that, major ions such as sodium,
calcium, chloride, and sulfate are highly influencing the
nature of groundwater.

® Further the water is used for agriculture; the crop yield,
a soil structure, will be affected. The effects of agricul-
tural runoff, anthropogenic practices, ion exchange, and
weathering of rocks and their minerals are the major
factors that affect the nature of groundwater in study
area.

The following recommendations are required in the
present situation to manage the water quality in the study
area. Farmers are aware that they are using organic fertiliz-
ers instead of chemical fertilizers. The Government of the
State may pursue a program of awareness-raising on the
high use of fertilizers and rainwater harvesting. Farmers
should be in control of anthropogenic activities, and the
government should transfer water resources to manage con-
tamination. The future scope of the research is to improve
the water quality index. This work will be very much
helpful to future researchers in the field of water qual-
ity can be improved in the study area by establishing an
artificial recharge management plan that ensures sustain-
able and non-hazardous groundwater quality resources for
a different purpose.
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