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ABSTRACT

The main objective of this study was to evaluate the groundwater quality for domestic, agriculture use and to describe fluoride contamination in groundwater and
their impacts on human health. 67 groundwater samples were collected and analyzed for major ions. Water Quality Index (WQI), Piper diagram and Gibbs diagrams
were calculated to measure the suitability of groundwater for drinking purpose. The hazards index value was calculated to estimate the noncarcinogenic risk to adult
(male, female) and children suggested by the United States Environmental Protection Agency (USEPA). The irrigation indices were calculated to evaluate the quality
of water for irrigation purpose. Statistical methods such as principal component and hierarchical cluster analysis were used to analyses the inter-relationship of data.
Hydrochemistry of the samples shows, the major ions in the order of Ca?*>Mg?*>Na* and CI>SO04- in the study area. WQI value of groundwater, 74.62% of sample
locations are good and 25.38 % of sample locations need primary treatment for drinking purpose. The results of the hazards index show that 65.67% of the sample
locations exceeds the tolerable limit for non-carcinogenic risk (greater than one) for children higher than the risk level for Male and female. Statistical report of PCA
and HCA reveals that Ca-Na-HCOs-F has positive loading and TDS-EC has negative loading. The study results show that rock-water interaction and anthropogenic
activities are the major factors that influence the quality of groundwater. The continuous intake of excess concentration fluoride causes bone diseases and teeth

problems.
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INTRODUCTION

Groundwater is one of the most important sources for domestic and
agricultural usage in both rural and urban areas of India. However, it is only a
regional resource in many parts of the country. In the recent years, the continuous
increase in population, economic development and climate changes adversely
distress the nature of water (Zhang et al.,2019a, Radfard et al., 2019, Pinto et al.,
2019, Yadav et al., 2019). In a worst scenario, the combination of above factors
may lead to non-availability of surface water in many parts of the country
(Adimalla et al.,2019a, Francisco et al., 2019, Wongsasuluk et,al 2014, Siirila et
al., 2012). Insufficient rainfall in many arid and semi-arid regions being one of
the major environmental issue had also resulted in the drastic reduction of surface
water along with an increased extraction of groundwater to satisfy the water
demand for domestic and agricultural uses especially in agriculture-based
countries like India (Shahid et al., 2019, Qasemi et al., 2019, Tabassum et al.,
2019, Shankar et al., 2010).

In addition, groundwater is also being polluted with toxic substances due to
the increased demand for luxurious environmental setup and anthropogenic
activities. The restoration of groundwater quality is also a very tedious process
(Ghaderpoori et al., 2019, Ravindra et al., 2019, Shankar et al.,2011a), Thus,
there is a need for frequent monitoring of ground water quality and its standards
to preserve the water resources for utilization. Verification of water quality will
also ensure the reduction in water-borne diseases and development of remedial
action for water contamination in the earlier stages (Honarbakhsh et al., 2019,
Nair et al., 2019, Motevalli et al., 2019, Zhang et al., 2019b, Shankar et
al.,2011b). Hence, it is mandatory to add the improvement of fresh water sources
together with conservation through effective monitoring as a basic component in
the water plan of any developed or developing nation. The evaluation of human
health risk related with high fluoride concentration of groundwater in Salem
district Tamilnadu, India, and observed that intake of elevated fluoride
contaminated water is the significant reason for increasing human health issues
(Adimalla et al., 2019c, Deshpande et al., 2019, Shankar et al.,2011c)

Narsimha et al.,2018 investigated the spatial and monsoon variation of fluoride
contamination in groundwater in Southern part of India and stated that
continuous consumption of high fluoride water is the main explanation behind
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collapse of human health (Ahada et al., 2017). Excess concentration of fluoride
in groundwater is the principle issue that influences the human health in southern
part of Tamilnadu India. Totally 21 states were recorded to be high risk of
fluorosis and around 6.5 million children were affected due to intake of excess
concentration of fluoride.

Various techniques that are commonly used to assess the groundwater quality
are Water Quality Index (WQI), Piper diagram, Gibbs plot for drinking purpose
and Sodium Absorption Ratio (SAR), Wilcox diagram, US Salinity Laboratory
(USSL) diagram, kelly ratio, permeability index, percentage sodium, magnesium
hazards for irrigation purpose (Chitsazan et al., 2019, He et al., 2019, Adimalla
et al., 2019b). In addition to the above, multivariate statistical techniques such as
principal component analysis and hierarchical cluster analysis methods are also
used to evaluate the water quality by categorizing the similarity of chemical
compounds and degree of contamination in water (Rotiroti et al., 2019, Stefania
etal., 2019, Merz et al., 2019, Masoud et al., 2018, Ferchichi et al., 2018, Ibrahim
etal., 2019, Shankar et al.,2011d)

The significant objective of the current study is to measure the
chemical characteristics of groundwater in Yercadu Taluk, Salem, India to
predict its suitability for drinking and agricultural purposes. The specific
objectives of the study include the evaluation of the hydro-chemical
characteristics of groundwater for drinking purpose, calculation of WQI and
irrigation indices to ensure the water quality for drinking and agricultural purpose
respectively. The results of the present study will help in deciding the remedial
action for contamination and in enhancing the supply of wholesome water to the
public in a study area.

MATERIALS AND METHODOLOGY
Study area

Yercadu is a hilly region in Salem District, Tamil Nadu, India (Fig.1) and
situated in the Shevaroys series of slopes in the Eastern Ghats. The study area
located at an elevation of 1,515 meters (4,970 feet) above mean sea level (MSL),
and the most noteworthy location in yercadu is servarayan sanctuary, at 1,623 m
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(5,326 ft). The total surface area of the yercaud is 382.67 km2, it includes reserve
forest. A climate condition is categories as tropical. The normal temperature in
Yercaud is 21.1°C. The mean precipitation in selected location is 1512 mm and
low precipitation was recorded in January, with an average of 17 mm. In October,
the precipitation achieves its top, with a mean of 260 mm. between the summer
and winter seasons, the difference in rainfall is observed as 243 mm.

Geology

The occurrence of Charnockite, for the most part in structural hills in the
investigation area. The hard ground rocks are the pre-granulite migmatite
combined with charnockite occurs on a basement of tonalite-trondhjemite stone,
granodiorite, gneiss. Under the charnockite-konderite group we have
supercluster of rocks having a place with layered ultramafic complex,
metavolcanics and meta silt. The hydro chemistry of most surface and
groundwater is the result of interaction between rain water and rock near the earth
surface. Major interaction takes place in the soil zone. The soils are normally
wealthy in aluminium and iron and it contains less calcium carbonate. The
general equation.1 for weathering in study area is

Rock + infiltrated water = Altered rock + leachate solution 1)

Figure.2 shows the geomorphology of the study area. It is observed that a major
part of the study area was covered by granite, dolerite, khondalite, charnockites
and peninsular gneiss. The interconnection of shevaroy and lateritic bauxite with
charnockites, peninsular gneiss, and dolerite rocks.
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Figure 2. Geology formation of study area
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Sampling

A sampling of groundwater for this study was carried out in July and august in
2017. Groundwater samples were collected from existing bore wells in the study
area. Samples were taken after 10-20 min of pumping each hand and bore well
to get constant pH and electrical conductivity values. All samples were collected
in prewashed polyethylene 1-L bottles and dried before collection. The samples
were maintained at 4°C on-site and kept in dark place until analysis.

Analysis methods and accuracy

Twelve basic groundwater quality parameters including pH, electrical
conductivity, total hardness, total dissolved solids, calcium, magnesium,
bicarbonate, carbonate, sodium, nitrate, chloride, sulfate were analyzed using
standard procedure recommended by American Public Health Association
(APHA, 1999). During the sampling, concentration of hydrogen ions (pH),
salinity and total dissolved solids values were calculated using portable water
quality analyzer (Elico PE 138). A major cations and anions were measured in
the laboratory by titration method. An ionic balance error (E) equation is used to
get an accuracy of analytical results between the concentration of total cation and
anion stated in milliequivalent per liter (meg/L) of all respective sample (Eqn.2).

_ Y.Cation — Y Anions 00 )
>Cation — Y Anions

The value of E was should not exceed the acceptable limit of + 10%.
Piper trilinear diagram

A piper trilinear plot is a method of picturing the chemistry of a rock, soil, or
water sample. The piper trilinear plot is utilized to conclude hydro-geochemical
facies. Hydro chemical facies help to realize the chemical reaction occurring
between the minerals inside the lithological structure of the locations. The hydro
chemical facies are utilized to clarify the compound creation of water in various
hydrologic frameworks. To understand the chemical characteristics of
groundwater, most of the scientists have utilized the idea of hydro chemical
facies. The hydro chemical facies are a component of flow patterns and lithology.

Gibbs diagram

Gibbs (1972) has suggested a graphical representation of action for change in
water quality and; there are three main mechanisms, which rule the hydro-
chemistry of waters. These are as follows: (1) evaporation dominance, (2)
weathering dominance, and (3) precipitation dominance that control the
chemistry composition of waters.

Gibbs Anion Plot equation:

Gibbs anion = ——©. ®)
1bbs amion = e Heo3

Gibbs Cation Plot equation:

Gibb tion = Na + K @)
! scalolnl_Na+K+Ca

Water quality index

Water quality Index (WQI) is a successful tool for assessing the all-purpose
nature of groundwater, which is essentially decreases the immense quantity of
groundwater quality information into a values and meanwhile it effectively
describes the information about the water nature (Adimalla et al., 2018, Li et al.,
2018, Zakir et al., 2018, Rao et al., 2019, Nem¢i¢-Jurec et al., 2019, Abbasnia et
al., 2019, Lentz et al., 2018, Bhuiyan et al., 2010). WQI commonly used to
estimate the fitness of the groundwater for domestic purposes in different
countries around the world. In the present study, each parameter has been allotted
different weights (Wi) as per its importance and effects in nature of water for
domestic uses. The most extreme load of “five” has been allocated for nitrate in
water quality assessment and the base load of ‘two' has been given for calcium
and magnesium. The allotted weight, relative weight and standard values for each
chemical parameter were computed and tabulated (Table.1). WQI values were
classified into six classes are excellent, good, moderate, poor, very poor and
unsuitable for domestic uses (Table.2). In any case, the following egn. (5) - (8)
are associated with WQI estimation:
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Where.

Wi - Relative weight.

Wi - Weight of each parameter.

N - Number of parameters.

Vi - Concentration of each chemical parameter in each

groundwater samples.
Vo - ldeal value of the parameter in pure water (consider V, =0
for all, except pH, where V, =7 for pH).

Si - Standard value for each parameter as per 1S 10500:2012.

Sl - Sub-index of “i"™ parameter.

Qi Rating depend on concentration of “i'"™ parameter.

Table 1. Standard value, Weight and relative weight of each parameters.

Parameter Standard Value Weight Relative Weight
(1S 10500:2012) (wi) (Wi)

pH 6.5-8.5 4 0.12903
Calcium 75-200 2 0.06452
Magnesium 30-100 2 0.06452
Bicarbonate 240-730 3 0.09677
Chloride 250-1000 3 0.09677
Total Dissolved solids 500-2000 4 0.12903
Fluoride 1-15 4 0.12903
Nitrate 45-100 5 0.16129
Sulphate 200-400 4 0.12903

Risk assessment model

Human health risk evaluation is huge and essential to defend the nature of
groundwater assessment. Additionally, potential human healthiness threat
evaluation is the procedure to evaluate the probable adverse dangerous human
welfare impacts on babies, children and adults (Karunanidhi et al.,2019,
Narsimha et al.,2018). However, expressed that several elements that reason
human health risks through washing are moderately questionable. The main
objective of this study is to evaluate the health impact of drinking water on study
area peoples. (Shahid et al., 2019, Qasemi et al., 2019, Tabassum et al., 2019).

_ CPW X IR XED X EF

ABW ®
X AET
E
HQ = RfD (10)
Where.
E - Chronic daily intake, it is expressed in mg per kg/day.
CPW - Concentration of specific pollutant in groundwater in mg per
day.
IR - Rate of human ingestion in Litres per day.
ED - Duration of exposure and expressed in years.
EF - Frequency of exposure and expressed in no. of days per
years.
ABW - Average body weight in Kilogram.
AET - Average time in days.
HQ - Non-carcinogenic for hazard quotient.
RfD - Reference dose of fluoride and expressed in mg/kg/day
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Irrigation water quality indices

There is an expanding need to intermittently check the nature of water used for
agriculture purposes. It expands the harvest yield and helps in the development
of prevalent yields, which require good quality of water. With the developing
condition, depends on rainwater for agriculture is dangerous. Subsequently, the
nature of water for irrigation purpose is focused in this study. Significant
irrigation water quality parameters incorporate several specific properties of
water important in connection to the yield and nature of harvests. The irrigation
indices are Sodium Adsorption Ratio (SAR), Residual Sodium Carbonate (RSC),
Permeability Index (Pl), Magnesium Hazard (MH) and Percentage Sodium
(%Na). The result of the indices states that suitability of groundwater quality for
agriculture uses.

Sodium Absorption Ratio equation:

_ Na
SAR = s (12)
Residual Sodium Carbonate equation:
RSC = HCO3 + CO03 (12)
Ca+ Mg

Permeability Index equation:

VHCO3 + Na (13)
J(Na+Mg+Ca

Magnesium Hazards equation:

Pl =

MH = Mg X100 (14)
Ca+Mg

Percentage Sodium equation:

(Na+K)x100 (15)
Ca+Mg+Na+K

%Na =

Spatial analysis

The groundwater quality parameters measured in the study area was
represented through maps in ArcGIS Software (10.1). This software is used to
interpolate the sampling points with characteristics of groundwater throughout
the study area. In this study, Inverse Distance Weighting (IDW) interpolation
techniques was used to attribute the value and calculating surrounding point
within the defined boundary area. A level of contamination was highlighted by
following 6-D stretch model in GIS (Khan et al.,2019, Nath et al.,2018, Patra et
al.,2018, Amos et al.,2018, An et al.,2016, Collin et al.,2003).

Statistical Analysis

The groundwater quality parameters and their inter-relationship were explored
by the multivariate statistics such as mean, maximum, minimum, standard
deviation and correlation analysis (Golkarian et al.,2018, Wu et al.,2019, Sahoo
et al.,2019, Everest et al.,2019). In this study, PCA and HCA methods were
utilized to categorize the primary factors that stimulus the groundwater quality
in the investigated region. The major parameters calcium, magnesium sodium,
chloride, sulphate, total dissolved solids and total hardness were selected for
principal component analysis. The factors having the minimum eigen value of
one were extracted. All multivariate statistical analysis was completed using
SPSS version.20 tool.

RESULT AND DISCUSSION
Quality of water for drinking purpose
Hydrochemistry Classification:

Piper trilinear diagrams was plotted using diagramme application and the result
shows that, hydrochemistry structure of the water samples collected in the study
area (Fig.3). A trilinear plot show that Ca?*, Mg* and Na* of cation, HCO®*", CI
and SO4* of anion parameters are predominant in the study area. The diagram
exposes that the major water type is Ca-Mg-SO, (37.31%) and Na-CI-SO,
(37.31%). The less dominants in the groundwater area are: Ca-Mg-HCO3;
(20.89%) and SO4, HCOg3 (4.47%). When groundwaters type Ca-Mg-SO,and Na-



CI-SO, reveals that, rock water interaction and nature of aquifer influencing the
groundwater quality in the study area.

Hydrochemistry Mechanism

In a study area, anion and cation Gibbs plots reveals, most of the samples fell
into rock- water interaction and some of the samples fell in the evaporation field
(Fig.4). It shows that, rock-water interaction influences the quality of
groundwater in the study area. The concentration of Na/Na+Ca ratio will lead by
the action of leaching of salts in rocks. The different nature of aquifers in the
study area inhabit the conversion region between evaporation and rock-water
interaction dominance field.

Figure 3. Piper Trilinear classification of groundwater.
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Hydro geochemistry of groundwater

Hydrochemical parameters of the water are taken as major measures in
classifying the nature of the groundwater. The statistical analysis of the
groundwater in the study area are presented in Table (4).

The concentration of hydrogen ions (pH) of the drinking water in the study
area was range from 7.14 to 8.45. The level of pH concentrations is doesn’t
exceed the permissible limits (6.5-8.5) recommended by WHO and 1S10500. A
higher value of pH recorded in the Gundur village (Fig.5 a). The presence of
calcareous nature of aquifers in the study area is a major reason for the elevated
level of pH.

A Total Dissolved Solids (TDS) in groundwater were range from 231 to 3479
mg/L. In the study area, 23.42 Sq. Km is permissible, 355.31 Sq. Km is
acceptable and 7.74 Sg.Km of the area is unfit for drinking purpose (Fig.5 b).
The greater value of TDS was recorded in veppadi, kolangur and arangam
villages. The concentration of total alkalinity (TA) and total hardness (TH) in the
drinking water was range from 37 to 901 mg/L and 105 to 1105 mg/L
respectively.

In the study area, the range of total alkalinity is 170.27 Sq. Km is permissible,
212.57 Sg. Km is acceptable and 3.62 Sq. Km of the area is unsuitable (Fig. 6a)
and the range of total hardness are 34.2 Sg.Km is permissible, 317.23 Sg. Km is
acceptable and 35.03 Sg. Km is unsuitable for drinking purpose (Fig.6b). The
greater TA and TH values are noted in the kolangur and arangam villages. This
might due to deposition of municipal solids waste leachate and rock water
interaction.

The concentration of calcium (Ca2+) and magnesium (Mg2+) in the
groundwater samples was range from 18.65 to 2251.85 mg/L and 8.18 to 146.68
mg/L respectively. The total area covered by calcium ions is 218.09 Sg.Km is
permissible, 165.44 Sq.Km is acceptable and 2.93 Sq.Km is unsuitable for
drinking purpose (Fig 7a). Calcium ions with the combination of carbonate,
bicarbonate, chloride, and sulfate are naturally present in the groundwater. A
greater value of calcium ions was recorded in madur and arangam villages.

Some anthropogenic activities like an excessive amount of fertilizer, pesticides
used for crop yield and rock water interaction are the major cause of higher
concentration of calcium ions. In a study area, the concentration of magnesium
ions are 81.06 Sg. Km is permissible, 295.64 Sq. Km is acceptable and 9.76
Sg.Km is unsuitable for drinking purpose (Fig.7b).

The higher concentration of magnesium ions was recorded in arangam and
assambur villages. Magensium is the amplest component in the earth crust. It is
widely present in younger granite and dolerite rocks in the study area. The excess
concentration of magnesium in the groundwater samples causes different health
problems.

The concentration of Chloride (CI-) and sulphate (SO42-) in the water samples
was range from 37 to 581 mg/L and 17 to 510 mg/L respectively. The
concentration of chloride was 279.12 Sq.Km is permissible and 107.34 Sq.Km is
unfit for drinking purpose in the study area (Fig.8a). A dissolution of mineral in
groundwater such as khondalite, Charnockite, and peninsular gneiss are the
major reason for higher concentration chloride ion. The concentration of sulphate
ions was 275.11 Sg.Km is permissible, 109.08 Sq.Km is acceptable and 2.27
Sq.Km are unsuitable for drinking purpose (Fig.8b). This might be due to the
disposal of industrial waste and anthropogenic activities.

The concentration of nitrate and fluoride in the drinking water range from 6 to
85 mg/L and 0.2-1.9 mg/L respectively in the study area. The concentration of
fluoride was 384.52 Sg.Km is permissible and 1.94 Sg.Km is unfit for drinking
purpose (Fig.9a). The higher concentration of fluoride ions might be younger
granite, dolerite, khondalite, disposal of municipal waste and anthropogenic
activities. The level of nitrate in groundwater was 378.09 Sq.Km is permissible
and 8.37 Sq.Km is unsuitable for drinking purpose (Fig.9b). The greater value of
nitrate was recorded in veppadi and kolangur villages. The hydrochemistry
studies stated that, excess level of contamination in water. A major two factors,
rock-water interaction and anthropogenic activities such as the application of
pesticides and fertilizers regularly used in the agricultural lands are the major
reason for degradation of the groundwater.
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Water quality index and Health risk assessment

In Table 2 represent the five different water classes based on WQI value,
namely excellent (WQI range between 0 to 25), good (WQI range between 26 to
50), Moderate (WQI range between 51 to 75), Poor (WQI range between 76 to
100), Very poor (WQI range greater than 100). In a study area, out of 64 sample
locations, 38.8% of the samples (26 locations) are excellent, 35.82% of the
samples (24 locations) are good, 19.40% of the samples (13 locations) are
moderate and 5.98% of the samples (4 locations) are poor for drinking purpose.
Excess concentration of Ca, Mg, TDS, K, F and TH are a major reason for the
high value of WQI in the study area. A highly affected 4 sample stations were
originated in the southern part of the study area and these villages are affected
due to municipal waste disposal and anthropogenic activities.

In a study area, as per WQI, 25.38% of the samples needed treatment for
drinking purpose. After a detailed investigation in a study area observed that
there is no surface water source and most of the peoples depend on groundwater
for their daily activities and it is essential to monitor the health issue assessment
due to elevated concentration of fluoride in some specified locations. The model
was introduced by USEPA to assess the health risks due to the higher
concentration of parameters in groundwater. The estimated values of non-
carcinogenic for hazard quotient (HQ) for adult and children through different
water pathways in the study area are shown in Table.3.

The HQ value of fluoride was computed, and it is greater than 1. The HQ in
Adultyqe ranged from 0.077 to 1.795 with an average of 0.780, 0.091 to 2.121

b)

J. Chil. Chem. Soc., 65, N°1 (2020)

N
NAGALUR %
S ETTUR L kommAKADU  ©
e
SMUNDAGAMPADI
POTTURAGL 1
L ANAIKADU
| _MUNDAGHEDU
i JHavity
.cum'nR GSEMMADUVY
f OLAVAKADU
> DH
NARTHANCHEDUKOTTACHEDU C
.KOOTJML‘]T% R -MANGALAM
. SONAPADISCLUR
FAAILARATTI THEPPAKADUTAT TIPADI
L
VELLAKADAI ERIAK;
. CHINNAMADLR
=z 5 YERCAUD
GJMANIAKUTTAL ®  ATHIYURPILLERI
5, SUAVOOTHI
KAKKAMPAD!
®
L‘L 'K[LJ\WUR -
ME_URVELUR Sulphate
PELAKADT SENGADU
g ARANMANAIKADU / e  Sample Location
g s THALAISOLAIPULIYUR
TR s Range
k VASAMPADI :
KEERAIKA - Permissible (275.11 Sq.Km)
IR
=l Bl ~cceptable (109.08 Sq.km)
EEN 3 % u B not Permissible (2.27 Sq.Km)
Miles
NAGALUR
¢ “L
-\ METTUR  opmaxany
0 !
¥ MUNDAGAMPACI
POTTUKADU < PSSAVBUR .
- . '5 ENGALATHURADI
PPAD
SEANATHAM
e . MARAMAGALAMANAKADU
o Ko SJULIYAMPATTI o
UM yuNDACHEDU S
SR SEMMADUVY it
| _OLAVAKADY CKUME
& AL
NARTHANCHEDUKOTTACHEDU el
KOOTUMUTTAL SHLLYUR ranGaLAM
ONAPADISOLUR
AILAPATT! THEBPAXADSTATTIPADI S
{'I VELLAKADA RIAKADU Cr
L) CHINNAMADUR ot
o YERCALD
SHANIARUTTAL ®  ATHIYURPRLLERI
OUAVOOTHU
HARKAMEAD!
o
.Nfl AIVUR
MELURVELUR i
- =i Nitrate
ARANMANAIKADU . Sample Localion
o THALAISOL i\'\P\.I IYUR
Range
JASAMPAD]
KEFRAKABUPLTTHUR Pormissible (378.08 Sq K}
ELAVADI
o ® Il Vot Permissible (8,37 Sq.km)
0051 2 3 4
O —— Vil

with a mean of 0.922 for Adultzemae and 0.104 to 2.427 with an average of 1.055
for children. Over 65.67% of the sample locations exceeds the acceptable limit
for non-carcinogenic risk (greater than 1) for children, 17.91% and 46.26 % of
the samples locations were higher than the risk level for Male and female
respectively (Table.3). The hazards index level of health problems on the order
of Children > Adultfemaies > Adultmaes Was observed in the study area (Fig.10). A
high concentration of fluoride in the groundwater causes the dental and skeletal
fluorosis problem to the children. Granite and gneissic rocks are highly occupied
the higher portion of the study area which supplies a huge amount of fluoride ion
to the groundwater during the action of rock-water interaction

Table 2. Water quality classification - WQI value.

WQI Water No. of % of
- Purpose of uses
Value Quiality samples samples
0-25 Excellent 26 38.80 Drinking and irrigation
26-50 Good 24 35.82 Drinking and irrigation
Irrigation and treatment
51-75 | Moderate 13 19.40 needed for before
drinking
76-100 |  Poor 4 598 | NNeed atention for
irrigation
Very ]
>100 poor - - Unfit for all uses
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Table 3. Noncarcinogenic risk and water quality index value of groundwater.

Humans | Hazards value | Health risk | No. of samples | % of samples
<1 Low 55 82.09
Male -
>1 High 12 17.91
Female <1 Low 36 53.73
>1 High 31 46.26
. <1 Low 23 34.33
Children -
>1 High 44 65.67
Non carcinogenic Risk
60  °° 1
(72}
£ 36
£ 40 31
& 30 23
5 20 12
o 10
< 0
Low  High Low  High Low  High
Male Female Children
Risk Level

Figurel0. Level of noncarcinogenic risk in study area.
Quiality of water for irrigation purpose
Sodium Absorption Ratio

In United States Salinity Laboratory (USSL) diagram reveals that relationship
between sodium absorption ratio and salinity hazards concentration in the
groundwater. SAR values range from 0.07 to 8.47, with mean of 3.48 (Table.5).
A concentration of salinity hazards (EC) range between 334 to 4974 uS/cm with
mean value of 1427.49 uS/cm (Table.4) and both parameters are used in the
USSL classification.

Figure 11 reveals that 78% of samples fell in C3S1 category (high salinity and
low sodium hazards), it indicates it may affect crop growth and yield, nutritional
disorders and cause osmotic effects to the plant due to high salinity. About 11%
of samples fall in C2S1 category (Medium salinity and low sodium hazards),
indicating good for crop yield and all agriculture works. Only 9% of the samples
fell in the C4S2 category (Very high salinity and medium sodium hazards) and 2
% of the samples fell in C4S3 category (Very high salinity and high sodium
hazards).
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Figure 11. USSL Classification of groundwater in study area.
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Residual Sodium Carbonate

Carbonate and Bicarbonate are the major parameters that influence the quality
of groundwater for agriculture uses. The combination of nature earth materials
like calcium and magnesium with carbonate and bicarbonate highly affect the
nature of water. When the sum of carbonates and bicarbonates are in surplus of
sum of Ca?* and Mg?". The effects of carbonate and bicarbonate in groundwater
has evaluated by calculating the RSC value (Eq.12). The greater value of RSC
in water results for higher concentration of adsorption of sodium ions. If the value
of RSC is greater than 2.5 meg/L indicate quality of water is unsuitable for
agriculture, whereas the value is less than 1.25 meg/L indicate sources of water
is fit for agriculture and the value range between 1.26 to 2.5 meq/L was doubtful
for irrigation work (Table.5). In a study area, 88% of the sample (59 locations)
was good, 6 % of the samples (4 locations) was doubtful and 6 % of the samples
(4 locations) was unfit for irrigation purpose.

Magnesium hazard (MH)

An excess concentration of magnesium ions in water has rearrange the
properties of soil through changing it into alkaline earth nature, it reflects in low
crop yield. Magnesium hazards value has been proposed by Szabolcs and Darab
(1964) is to identify the groundwater water sample is suitable for agriculture
works (Eq.14). The value of Magnesium hazards exceeds 50, the sources of water
is unsuitable and the value is less than 50, that the sources of water is suitable for
irrigation works (Table.5). Based on MH value, 57 % of the samples (38
locations) was suitable and 43 % of the samples (29 locations) was unsuitable for
irrigation purpose.

Permeability index (PI)

Permeability is an important physical property of soils that transmit water flow
through in it. The permeability of soil is commonly affected by the long-term
application of excess concentration of sodium, calcium, magnesium and
bicarbonate water. Higher concentration of sodium leads to the affect the
physical properties of soil by reducing the permeability and it changes the nature
of earth material. The permeability index has been computed by using Eq.11. and
it is expressed in meg/L. PI Value is greater than 75 (Class 1), it is safe, the value
range between 25-75meg/L (Class I1), it shows that marginally safe and less than
25 meg/L denotes, the water is unsafe for irrigation purpose (Table.5). In a Study
area, 31% of the samples (21 locations) are safe and 69% of the samples (46
locations) are marginally safe for irrigation purpose.

Percentage Sodium(%oNa)

Wilcox (1955) has used to classify groundwater based on concentration of
%Na and Electrical Conductivity and its divided in to five classes. The
percentage sodium exceeds 60%, the water is not acceptable for agriculture work.
In a study area, the classification of water classes is excellent (1 location), Good
(9 locations), Permissible (49 locations) and Doubtful (8 locations). Majority of
the samples falls under the Good to permissible category (Figure.12). It shows
that, the quality of groundwater was started to deteriorate its nature due to
disposal of municipal waste from urban area.
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Figure 12. Wilcox Classification of groundwater in study area.



Table 4. Statistical representation of groundwater quality.

Parameter| Units | Min | Max |Average| SD 2/2\/0??) (IS:Bi:JSSOO)
pH - 7.14 | 845 7.86 0.38 | 6.5-85 | 6.5-85
EC uS/cm | 334 | 4974 | 1427.49 |984.05| 1400 -
TDS mg/L | 231 | 3479 | 996.48 |688.85 |500-1500 500
TA mg/L | 37 901 | 235.48 |168.31| 300 150
TH mg/L | 105 | 1105 | 364.21 |254.39 | 100-500 200
Ca mg/L | 18.65 [ 251.85| 81.97 | 62.80 | 75-200 75
Mg mg/L | 8.18 |146.68| 4859 | 37.12 | 50-150 30
Na mg/L | 3.27 | 685.47 | 161.86 |116.38| 200 -
K mg/L | 6.93 | 69.63 | 26.81 | 16.77 12 -
NO; mg/L 6 85 19.57 | 17.78 50 45
Cl mg/L | 37.00 | 581 | 216.24 |143.87 | 200-600 250
F mg/L | 0.2 1.9 0.37 0.37 1.2 1
SO, mg/L | 17.00 | 510 | 156.61 |128.48 | 200-400 200

Min-Minimum, Max-Maximum and SD- Standard Deviation.

Table 5. Classification of groundwater for agriculture uses.

J. Chil. Chem. Soc., 65, N°1 (2020)

In a study area, water quality parameters were grouped into two major
components in PCs, reveals 86.81% of the total variance in the data set (Table
6). The parameters are sodium and bicarbonate, calcium and fluoride have the
high positive values in factor component 1 and 2 respectively (Fig.13a). To
compute the number of components to be taken to understand the primary
chemical structure of groundwater by using a scree plot. Component 1 has more
than 85 % of the variance has been explained the structure of groundwater
(Fig.13.b, c).

The HCA was a widely used method to identify the grouping of chemical
variables in groundwater chemistry. This method generally used to group
variable into cluster-based on resemblances in such a way that individual cluster
describes a specific action in a groundwater system. Figure.14 reveals that, level
of grouping of a parameter in groundwater. Parameters fitted into the same
cluster are probable to have originated from a similar source. In this study, R-
mode cluster analysis was used to grouping in the groundwater parameters,
which reported the 2-main cluster. Cluster 1 consists of Na, HCO3, SO4, CI, TA,
pH, F, K, NO3, Mg, Ca, TH and this is like factors components 1 in PCA method.
Cluster 2 consists of TDS and EC. From the statistical report of PCA and HCA
reveals that Na-HCO3- SO4- ClI- TA- pH- F- K- NO3- Mg- Ca- TH and TDS-
EC. which are largely resulting from natural (Rock-water interaction) and
anthropogenic sources. Highly noted anthropogenic activities in the study area
are municipal waste disposal and industrial effluent in the recharging point of the
aquifer.

Table 6. Principal component analysis of groundwater with variance and eigen
values.

SNO | RANGE | CLASS | NO OF SAMPLES | % OF SAMPLES
Sodium Absorption Ratio Component
1 0-10 Excellent 67 100 PCAl PCA2
2 10-18 Good 0 pH 0.029 -0.472
3 18-26 Doubtful 0 EC 0.095 -0.044
4 >26 Unfit 0 TDS 0.095 -0.044
Residual Sodium Carbonate TA 0.094 -0.106
1 <1.25 Good 59 88 TH 0077 0123
1.25-2.5 | Doubtful 4 Ca 0.053 0272
3 >2.5 Unfit 4 6
Mg 0.068 0.187
Permeability Index
Na 0.103 -0.159
>75 Class-I 21 31
2 | 2575 | Class-l 46 69 K 0.085 0.000
<25 | Class-lIl 0 0 NO3 0.092 -0.025
Magnesium Hazards cl 0.088 0.006
1 <50 Suitable 38 57 F -0.063 0.638
2 >50 Unsuitable 29 43 SO4 0.090 0.004
Percentage Sodium HCO3 0.102 -0.156
1 <20 Excellent 14 21 Eigen value 10.855 1.299
2 20-40 Good 21 31 % of Variance 77.534 9.278
8 | 40-60 | Permissible 18 27 Cumulative % 77.534 86.813
4 60-80 Doubtful 14 21
5 >80 Unfit 0 0 a) Component Plot in Rotated Space
Statistical analysis of groundwater oF
Principal Component Analysis (PCA) o5 i
In PCA, fourteen quality parameters have been given as input to discriminating E g;o 2
the various process that influences the nature of groundwater quality. The range g o“gc
of variable was uniquely depending on the eigenvalue of less than 1. Varimax S s
rotation method was followed to calculate the maximum value of the sum of the ool "
variance of factor coefficient, which clearly described the possible sources of °
contamination in the study area. The higher values in PCA shows that sample is
influenced by the parameters that continuously loaded on a source, meanwhile, 1.0

the negative values indicate that quality of water is generally unaffected by those
parameters.

Component 1
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Figure 13. a) Principal Components of analysis b) Scree plot C) Component
plot of parameters.
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Figure 14. Dendrogram classification of groundwater in study area
CONCLUSIONS

Groundwater is the major sources for domestic and agricultural uses in Yercad
taluk, Tamilnadu, India which is largely occupied by khondalite, charnockite,
peninsular gneiss, younger granite, and dolerite. In general, the rural area peoples
in the study area depends on groundwater for both drinking and irrigation
purpose. The concentration of each parameter was compared to WHO (2008) and
1S10500:2012 standards to ensure the appropriateness of the groundwater for
both purposes, different graphical methods were used to assess the quality of
groundwater in a study area. Moreover, the following conclusion is drawn:

1. Piper trilinear diagram reveals that groundwaters were Ca-Mg-SO4 (37.31%)
and Na-CI-SO4 (37.31%) type. The distribution of major anion and cation in
the order of Ca?*> Mg?> Na* and ClI™> SO4> > NO3> HCO3" respectively.
It reveals that rock water interaction and the nature of aquifer influencing the
groundwater quality in the study area.

2.Gibbs diagrams show that 72 % of the groundwater samples fell in rock-water
interaction with lithology and 28 % of the samples fall in the evaporation field
due to the influence of anthropogenic activities. The different nature of
aquifers in the study area inhabit the conversion region between evaporation
and rock-water interaction dominance field.
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3.A concentration of fluoride ranges from 0.12 to 2.8 mg/L with a mean of
1.21mg/L, it is observed that 18% of the locations are beyond the maximum
allowable limits of 1.5 mg/L and unsuitable for drinking purposes. It might be
due to rock-water interaction and anthropogenic activities in the Yercadu
region. Irrigation indices suggest that the maximum of the groundwater sample
locations in the study area is suitable for agriculture uses.

4.Human health risk assessment results reveal that children are affected at a high
level of risk than adults with an excess concentration of fluoride in the study
area. The hazard index values for Adulty. ranged from 0.077 to 1.795 with an
average of 0.780, 0.091 to 2.121 with a mean of 0.922 for Adultremae and 0.104
to 2.427 with an average of 1.055 for children. The hazards index level of
health problems on the order of Children > Adultremaes > Adultmaes Was
observed in the study area (Fig.10). A high concentration of fluoride in the
groundwater causes the dental and skeletal fluorosis problem to the children.
Granite and gneissic rocks are highly occupied the higher portion of the study
area which supplies a huge amount of fluoride ion to the groundwater during
the action of rock-water interaction.

5.Based on the statistical report of PCA and HCA reveals that Na-HCO3- SO4-
Cl- TA- pH- F- K- NO3- Mg- Ca- TH and TDS-EC. which are largely resulting
from natural (Rock-water interaction) and anthropogenic sources. Highly
noted anthropogenic activities in the study area are municipal waste disposal
and industrial effluent in the recharging point of an aquifer are identified,
considering the positive value of the principal component.

6. The changing of a hydro chemical parameter of groundwater is due to impact
of anthropogenic activities and rock-water interaction are identified in the
present study and the study recommended that periodical monitoring and
improve the management methods of an aquifer, rainwater harvesting, and
artificial recharge point are necessary to reduce the water-borne diseases and
for sustainable development.
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