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Abstract Hydro-geochemical evaluation is becoming very
significant to determine the process involved in the
chemical evolution of groundwater. Supply of contami-
nated drinking water in rural communities is a continuing
health issue, leading many resource users to unknowingly
consume water with elevated levels of harmful chemicals.
The process of pollution risk assessment requires the
integration of data that are spatially changeable in nature,
making geographic information system (GIS) a perfect tool
for such assessments. In this study, GIS was applied to
evaluate groundwater quality in Nilakottai block which is
one of the endemic fluorosis blocks of Tamil Nadu, South
India. The obtained maps may assist water quality per-
sonnel in managing and controlling pollution of the study
area. The suitability of groundwater quality for drinking
and agricultural purposes in the selected area was assessed
by measuring physicochemical parameters. For this pur-
pose, 55 water samples were collected from different pla-
ces of the study area. F~ ion leaching depends on
groundwater chemistry, including pH and concentrations of
HCO; ™, Nat, and Cca’t. HCO;™ and F~ were found to
have good positive correlation (» = 0.400). Hydro-geo-
chemical classification of ground water samples throws
more light on the possible link between the presences of
various ions and their contribution to groundwater chem-
istry. The GIS maps clearly show the presence of Na—Cl,
mixed Ca—Mg—Cl and Ca—Cl as the predominant species in
specific regions having a direct bearing on water quality.
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The relative concentrations of the ions occur in the order
Na® > Mg?" > Ca®" and CI~ > HCO;~ > SO,*~. Water
quality index (WQI) was calculated to determine the suit-
ability of water for drinking purpose. The WQI values
revealed that all groundwater samples were above 100,
which is the permissible limit and, therefore, waters above
this level cannot be used for human consumption. Calcu-
lated values of Percent Na (%Na), Sodium adsorption ratio
(SAR) and Magnesium hazard (MH) indicate that most of
the groundwater samples are not suitable even for irrigation
of most crops. Rainwater harvesting techniques should be
promoted in this study area. Supply of drinking water
within the permissible limit should be emphasized.

Keywords GIS model - Spatial distribution - Water quality
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Introduction

Safe drinking water for all is an internationally accepted
human right (World Health Organization (WHO) (2004).
Water pollution is a serious problem, particularly in
developing countries as majority of surface and ground-
water resources are contaminated by biological, toxic,
organic and inorganic pollutants (Reghunath et al. 2002;
Vasanthavigar et al. 2013). Groundwater is an important
source of water supply for drinking, irrigation, and indus-
trial purposes. Due to the rising demand for potable and
irrigation water and the inadequacy of available surface
water and uncertainty in seasonal rainfall, the importance
of groundwater is increasing exponentially (Nagarajan
et al. 2010; Bozdag and Gocmez 2013). The geochemistry
of ground water is complex due to various reasons. Diverse
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factors such as surface and rainwater infiltration, compli-
cated hydrogeology, human impact on flow systems and
sources of pollution decide the chemical content. The rate
of reaction with host rocks will be controlled by the resi-
dence time of water and the primary mineralogy.
Groundwater quality is mostly affected either by natural
geochemical characteristics, mainly dissolved ion content,
climate, lithology, mineral weathering, nature of geo-
chemical reactions, solubility of salts, dissolution/precipi-
tation reactions, ion exchange, wet and dry deposition of
atmospheric salt, and by various anthropogenic activities,
such as agriculture, sewage disposal, mining and industrial
wastes (Jiang and Yan 2010; Zhang et al. 2012; Bozdag
and Gocmez 2013). Hence, to utilize and protect important
water sources effectively and to predict the change in
groundwater environments, it is necessary to understand
the hydrochemical parameters of groundwater, such as pH,
electrical conductivity (EC), total dissolved solids (TDS),
total hardness (TH), sodium absorption ratio (SAR), major
anion (F, CO327, HCO5;™, Cl7, and SO427) concentra-
tions, major cation (Ca2+, Mg”, Na™, and K+) concen-
trations and water quality index (Prasanna et al. 2010;
Bozdag and Gocmez 2013). Groundwater contamination
problems due to fluoride, arsenic, nitrate, chromium, iron,
pesticides, and other industrial chemical/pollutants are
emerging with national dimensions. Depletion of ground-
water levels and deterioration of water quality require
immediate attention.

Dindigul district is a traditional agricultural area located
in Tamil Nadu, South India. Nilakottai block of Dindigul
district has potential groundwater repositories which could
supply water for irrigation to all the 22 constituent villages
for almost throughout the year as the area receives maxi-
mum rainfall from northeast monsoon. As surface water in
this block is scarce, groundwater plays a significant role as
a resource for both human consumption and agricultural
irrigation.

The chemical imbalance due to decreased rainfall,
higher utilization of groundwater and intense water—rock
interaction observed has necessitated this study to monitor
the water quality issues of this block. The chemical com-
position of soils and rocks can influence the quality of
groundwater through which the water flows. Water quality
is dependent upon mineral solubility, ion exchange, oxi-
dation, reduction, etc., in addition to anthropogenic activ-
ities (Subba Rao 2002; Naik et al. 2009; Subba Rao et al.
2012). Since every part of the area has its own causative
factors of variation in groundwater quality, it is essential to
examine the chemistry of groundwater quality of every part
of the block for its sustainable development.

Geochemical studies of groundwater provide a better
understanding of the possible changes in quality. Many
naturally occurring major, minor and trace elements in
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drinking water can have a significant effect on human
health either through deficiency or excessive intake
(Frengstad et al. 2001). In India and various parts of the
world, numerous studies have been carried out to assess the
geochemical characteristics of groundwater (Aghazadeh
and Mogaddam 2011; Alexakis 2011; Ahmad and Qadir
2011; Ramesh and Elango 2012) to establish the anthro-
pogenic and geogenic sources affecting groundwater
quality as well as the reactions that take place within the
aquifer. In the study area, agriculture is the most important
economic activity; thus, a hydro-geochemical investigation
was carried out to identify groundwater geochemistry and
its suitability for irrigation purpose. Salts found in irriga-
tion water can affect both soil structure and crop yield,
while the presence of toxic substances may threaten veg-
etation and reduce the suitability of soil for cultivation (Li
et al. 2013).

Assessment of groundwater quality is not easy since
contamination depends upon numerous, complex interact-
ing parameters and uncertainty is inherent in all methods of
assessing groundwater susceptibility as per the opinion of
National Research Council (1993). Hence, reliably and cost
effectively modeling groundwater quality remains a major
challenge. Mapping the water quality parameters (WQPs)
using GIS as a decision support system can provide a
useful basis for taking fast and reliable management deci-
sions. GIS is an effective tool widely used for the assess-
ment, monitoring, management, and visual representation
of geographic information in several fields; it was widely
applied in research fields of natural resources, environment
management and their evaluations including disaster
management and hydrological fields (Jha et al. 2007;
Chenini et al. 2010; Lee et al. 2012).

The focus of the present study is to evaluate the
groundwater quality for drinking, domestic and irrigation
in Nilakottai block, Dindigul district, Tamil Nadu, India.
There has been no attempt to study the statistical nature of
the groundwater in this basin. In view of this, an attempt is
made on three aspects: the first is on the chemical char-
acteristics of groundwater with respect to the hydro-geo-
chemical signatures and genetic geochemical evolution of
groundwater. The second deals with the impacts of
groundwater quality on human beings and plant growth.
This study paves way to provide baseline information in
solving the problems caused by inferior water quality by
implementing effective management strategies for better
living conditions of the people. The third deals with cre-
ation of maps meant for environmental risk communication
and to develop preventive and curative measures for future
communities of the selected block. This mapping can
support the development of highly needed groundwater
management. In this block, some bore wells have been
abandoned due to bad taste or high salinity and hardness
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levels. Many of the bore wells containing high levels of
fluoride, which are not detectable by taste, color of the
water, have been used by the people living in the study
area.

Earlier studies in the selected area revealed the existence
of endemic fluorosis with excess of fluoride in drinking
water. The rate of prevalence of dental fluorosis in the
study area is 60—-80% and leaching of fluoride ions from
fluoride bearing rocks present in these areas was observed
as the major cause (Amalraj and Pius 2013). Groundwater
F~ anomalies could be related to natural origins such as
prolonged water—rock interactions and mineral weathering.
The F~ concentration depends on the groundwater chem-
istry, including pH and the concentrations of Na™, Ca®*,
and HCO;3;™ (Young et al. 2011; Hu et al. 2013; Brahman
et al. 2013). Risk-based prioritization, large-scale risk
analyses and proper monitoring of the water quality status
in the selected area are very essential.

Materials and methods
Study area

Nilakottai block is located in the southern part of the
Dindigul district in Tamil Nadu, India, and covers about
261.12 square km and is distributed in 23 panchayat vil-
lages. The selected study area (Fig. 1) geographically lies
between 77° 46’ 53.46"E to 10° 3’ 15.92"N and 77° 58’
6.45"E to 10° 17'43.61”"N. The study area is chiefly com-
posed of hornblende biotite gneiss and charnockites. There
is distribution of ultramafics, like anorthosites; pyroxene
granulites are also found as disseminations in the study
area. There is a minor distribution of quartzite and pink
migmatites and granites (Ramachandran et al. 2012).
Limestone, quartz and feldspar are major sources of min-
erals present; granite, rough stone, crushed stone (jelly),
sand and brick earth are available as minor sources of
minerals. Structure hills are the major land form in this
block. Red soil, red sandy soil and black cotton soil are the
major soil types of this block, but red sandy soils are
prevalent. The major part of the block is underlain by
Archaean crystalline metamorphic complex. The average
annual temperature is from 20 to 36 °C. The normal annual
rainfall over the block varies from 700 to 1600 mm. The
period from April to June is generally hot and dry. The
climate is conducive as the temperature is below 25 °C and
with high humidity during the period from November to
January. Usually mornings are more humid than after-
noons. The relative humidity varies between 65 and 85% in
the mornings while in the afternoons it varies between 40
and 70%. Ground water is the main source of drinking,
domestic and irrigation purposes in this region.

Groundwater occurs under water table condition in
weathered and shallow fractures and under semi-confined
to confined conditions in deeper fractures. The depth of
weather varies from place to place from less than a meter to
a maximum of 40 m bgl. The groundwater exploration in
deeper aquifer reveals that in about 11% of the wells
drilled, the yield was more than 3 Ips, whereas in about
15% of the wells, the yield ranged from 1 to 3 Ips. A few of
the wells have been abandoned due to poor yield. In gen-
eral, the groundwater in this block is colorless, odorless
and slightly alkaline nature (Central Ground Water
Board 2008). The principal crops are paddy, maize and
coconut. Other crops include jowar (sorghum), ragi (mil-
let), and pearl millet. Cultivation of fruits and vegetables is
common in this block. According to Central Ground Water
Board report, Nilakottai block comes under the critical
category of water quality.

Sampling and analysis

Fifty-five samples from groundwaters that are widely used for
drinking, domestic and agricultural purposes were collected in
random sampling method into one liter polyethylene bottles.
The sampling points are indicated in Fig. 1. The bottles were
soaked in water with 10% HNO; washed and pre-rinsed with
Millipore-milliQ distilled water to remove all impurities. All
sample bottles were tape to prevent evaporation. Immediately
after the sampling the pH, electrical conductivity (EC),
resistivity, total dissolved solids (TDS), salinity and dissolved
oxygen (DO) were measured in the field using multi-param-
eter analysis kit (Eutech Instruments PCD 650). The sample
locations were identified with the help of global positioning
system and were bought to laboratory for determining the
chemical constituents such as total hardness (TH), total
alkalinity (TA), calcium, magnesium, sodium, potassium,
fluoride, chloride, sulfate and nitrate. The analysis of the
sample was done on the basis of standard methods suggested
by the American Public Health Association (APHA 1995). All
aqueous solutions were prepared using Millipore-milliQ
distilled water.

Alkalinity of the samples was analyzed by titrating it
with 0.1 M HCI. Phenolphthalein alkalinity was com-
pletely absent in all the samples, whereas total alkalinity
was determined by methyl orange indicator. Total hardness
of the samples was analyzed by titration with EDTA using
Erichome black-T as an indicator. Calcium (Ca”) by
EDTA titration, Magnesium (Mg>") by calculation after
EDTA titration of calcium and total hardness, sodium
(Na™) and potassium (K") were analyzed by flame pho-
tometer (Systronics 128); chloride (C17) was analyzed by
volumetric titration using AgNO;; Sulfate and nitrate were
measured using a double-beam UV-Vis spectrophotometer
model Perkin Elmer Lambda 35 by turbidimetric, and
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colorimetric methods, respectively. Fluoride levels in
drinking water samples were measured by fluoride ion
selective electrode Orion ion analyzer (Thermo scientific
Orion 4 Star pH. ISE Benchtop) by diluting with total ionic
strength adjustment buffer (TISAB III) in 10:1 ratio (Orion
Star and Star Plus Meter User Guide 2008).

Cation—anion balance

The accuracy of complete chemical analysis of a ground-
water sample was checked by computing the cation—anion
balance (Eq. 1), where the total cations’ concentrations
(TCC) in milliequivalents per liter should be equal to the
total anions’ concentrations (TAC) expressed in the same
units. The difference between the TCC and TAC should be
within the limit of £5% (Domenico and Schwartz 1990).

Cation — anion Balance = [(TCC — TCA)/(TCC + TCA)
x 100]

(1)

Estimation of water quality index

In the case of water quality monitoring, due to the complexity
associated with analyzing a large number of measured vari-
ables, a method which will reduce the multivariate nature of
water quality data is used by employing an index that will
mathematically combine all water quality measures and pro-
vide a general and readily understood description of water.
Water quality index (WQI) is a very useful and efficient
method for assessing the quality of water. WQI is also a very
useful tool for communicating the information on overall
quality of water (Pius et al. 2012). WQI is a single unitless
number of 100 point scale that provides a pointer to the quality
of water source. To determine the suitability of the ground-
water for drinking purposes, the index developed by Tiwari
and Mishra (1985) was used. In the present study, ten water
quality parameters, namely pH, TDS, TA, TH, Ca”, Mg”,
F~, ClI", NOs™, and SO42_ were considered for computing
WQI, and the unit weight W; of each parameter is obtained
depending on its weightage, by adopting the following
formula:

wat = (3 awi) /(3w @

where

qi = 100(V;/S;) 3)
qpH = 100{(V,H — 7.0)/(8.5 - 7.0)} (4)
W, =K/S; (5)

where ¢; is the quality rating for the ith water quality
parameters (i = 1, 2, 3, ... N), V; is the measured value of

the ith parameter at a given sampling location and S; is the
standard permissible value for the ith parameter. The
standard permissible values for various pollutants for
drinking water, recommended by WHO (2004) and BIS
(2012) are given in Table 1 for the parameters considered
for calculating WQI. It is well known that the more
harmful a given pollutant is, the smaller is its permissible
value. So, the “weights” for various water quality param-
eters are assumed to be inversely proportional to the rec-
ommended standards for the corresponding parameters,
ie., W; = KJ/S;, where W;is the unit weight for the ith
parameter and K is the constant of proportionality and is
taken as K = 1. According to this water quality index, the
maximum permissible value is 100. Values greater than
100 indicate pollution and are unfit for human
consumption.

Irrigational quality parameters

Parameters such as the percent sodium (%Na), sodium
adsorption ratio (SAR), Kelly’s index (KI) and magnesium
hazard (MH) were estimated to assess the suitability of
water from the study area for irrigation purposes.

Percent sodium (% Na)

Sodium content and specific conductivities of the waters
are important parameters that control the usage of water in
agriculture. Sodium content is usually expressed in terms
of percent sodium (%Na) (Raju 2007). It is widely used for
evaluating the suitability of water quality for irrigation
(Wilcox 1955). %Na is calculated using the formula given
below.

Table 1 Permissible levels and unit weight of water quality param-
eters to calculate WQI

Parameters Recommended unit standard Unit weight
pH 7.0-8.5 0.005
TDS (mg/L) 500 0.002
TH (mg/L) 300 0.0033
TA (mg/L) 200 0.005
Ca*" (mg/L) 75 0.0133
Mg>t (mg/L) 50 0.02
F~ (mg/L) 1 1

Cl™ (mg/L) 200 0.005
NO;™ (mg/L) 45 0.022
S0,*~ (mg/L) 200 0.005
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%Na = [(Na* + K")/(Ca*" + Mg** + Na® + K")]
x 100

Sodium adsorption ratio (SAR)

Salinity indicates leaching of salts into groundwater. This
creates a lot of problems, especially in dry climatic regions.
The sodium or alkali hazard in the water used for irrigation
is determined by the absolute and relative concentration of
cations and is expressed as the SAR. SAR has been cal-
culated as follows:

SAR = Na*/[(Ca?* + Mg?")/2]"/? (7)

Kelly’s index (KI)

Based on Kelly’s index, water sources are classified for
irrigation. Sodium measured against calcium and magne-
sium was considered by Kelly (1946) and Paliwal (1967) to
calculate this parameter. Water with >1.0 Kelly’s index
indicates an excess level of sodium and is unsuitable for
irrigation. Water with Kelly’s index of <1.0 is only con-
sidered suitable for irrigation. Kelly’s index was calculated
by means of the following equation:

KI = Na®/(Ca*" + Mg*") (8)

Magnesium hazard (MH)

The magnesium hazard value is the excess amount of
magnesium over calcium. An excess of Mg affects the
quality of the soil, resulting in poor agricultural returns. An
MH value higher than 50 is considered to be harmful and
unsuitable for irrigation (Szabolcs and Darab 1964). MH
was calculated by means of the following equation:

MH = [Mg*"/(Ca*" + Mg*")] x 100 (9)

where all ionic concentrations are expressed in meq/l.

Results and discussion

The physicochemical parameters of groundwater in the
Nilakottai block depicted in Table 2 indicate the minimum,
maximum, average, and standard deviation values. The
values were compared with the WHO (2004) and BIS
(2012) standards (Table 3) to find the suitability of the
water samples collected for drinking and irrigation. All
natural waters contain water-soluble salts and the concen-
tration and dissolved constituent composition determines
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Table 2 Statistical summary of chemical parameters in groundwater
samples

Parameters Minimum Maximum Average SD
pH 7.11 8.57 7.83 0.317
EC (uS/cm) 374 7028 233339  1251.90
Resistivity (Q) 73.19 1298.1 289.34  215.53
TDS (mg/L) 276.90 4910.5 16933  907.0
Salinity (mg/L) 198.50 3993.4 1291.01 746.48
DO % 66.80 96.5 86.53 6.92
DO (mg/L) 4.95 7.4 6.52 0.482
TA as HCO;™ (mg/L) 27.53 675.24 17434  116.11
TH (mg/L) 180.47 2305.47 730.03  375.84
F~ (mg/L) 1.40 3.6 2.29 0.654
Cl™ (mg/L) 17.75 1148.43 281.68  203.63
SO4*™ (mg/L) 20.42 92.81 39.38 14.97
NO;™ (mg/L) 0.89 25.42 4.43 4.28
Nat (mg/L) 19.23 761.4 169.91 117.61
K* (mg/L) 1.25 124.90 21.43 31.33
Ca*" (mg/L) 7.71 194.95 46.57 30.26
Mg (mg/L) 5.68 56.27 22.89 12.02
WQI 131.31 336.6 21592 60.69
%Na (%) 32.13 85.21 63.63 10.73
SAR (meq/L) 1.05 19.50 5.11 2.86
KI (meq/L) 0.29 5.74 1.87 1.01
MH (meq/L) 22.37 64.40 45.35 9.20

the water quality for irrigational use as high concentration
in irrigation water affects both plants and soil physically
and chemically (Ravikumar et al. 2011; Singh et al. 2012).
High concentrations of TDS and EC in irrigation water
may increase the soil salinity, which affects the plant salt
intake.

pH

Results of the chemical analysis of groundwaters of the
selected area show a wide variation in different indi-
vidual parameters (Table 2). The pH decides the acidic
or basic condition of water and if the pH is not within
the prescribed limit of 6.5-8.5, it damages mucous
membrane present in eyes, nose, mouth, abdomen, anus,
etc. The pH values of groundwaters in the Nilakottai
block ranged between 7.11 and 8.57, with an average of
7.83 (Table 2). The groundwater of the study area is
generally neutral to slightly alkaline in nature and is
within the permissible limit of 6.5-8.5 (Table 3) pre-
scribed for drinking water by BIS (2012) and WHO
(2004). The spatial distribution of pH in ground water
samples of the study area is given in Fig. 2a. The
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Table 3 Groundwater samples of the study area exceeding WHO and BIS standards for domestic purposes

Parameters WHO (2004) BIS (2012) Analytical method No. of samples exceeding Percentage of samples
guideline value guideline WHO permissible limits ~ exceeding permissible limits
value
pH 6.5- 8.5 6.5-8.5 Multiple analysis kit 1 1.82
EC (uS/cm) 1500 - Multiple analysis kit 38 69.09
TDS (mg/L) 1000 500-2000  Multiple analysis kit 40 72.72
TA (mg/L) 350 200-600 Titration with phenolphthalein 2 3.64
and methyl orange indicator
TH (mg/L) 500 300-600 EDTA Titration 41 74.55
F~ (mg/L) 1.5 1-1.5 F~ ion selective electrode 55 100
Cl™ (mg/L) 250 200-1000  Titration with AgNO; 33 60.00
SO~ (mg/L) 250 200400 Turbid metric method - —
NO;~ (mg/L) 45 45 Colorimetric method - -
Na* (mg/L) 200 - Flame photometer 19 34.55
K* (mg/L) 20 - Flame photometer 14 25.45
Ca*" (mg/L) 200 75-200 EDTA Titration - -
Mg>* (mg/L) 150 30-100 EDTA Titration - -

northeastern and western portion showed alkaline nature
of ground water.

Dissolved oxygen (DO)

Dissolved oxygen is one of the most important factors in
water quality assessment. It reflects the physical and bio-
logical process prevailing in natural water. The values of
DO are in the range of 4.95-7.40 mg/L (Table 2) for all the
groundwater samples. The spatial distribution of DO % of
ground water in the area is given in Fig. 2b. DO values
suggest that samples are well oxygenated with less con-
tamination by organic matter.

Electrical conductivity (EC)

EC is a measure of a material’s ability to conduct an
electric current and higher EC values indicate enrichment
of salts in the groundwater. Higher EC may be attributed to
high salinity and high mineral percentage in groundwater
samples, which are generally due to geochemical process
like ion exchange, evaporation, silicate weathering and
solubilization process taking place within the aquifers
(Sanchez-Perez and Tremolieres 2003; Ramesh and Elango
2012; Bozdag and Gocmez 2013). Spatial distribution of
EC shows a higher concentration in the central and eastern
part of the study area (Fig. 2c). In natural waters, dissolved
solids mainly consist of carbonates, bicarbonates, chlo-
rides, sulfates, phosphates and nitrates of calcium, mag-
nesium, sodium and potassium with traces of iron,
manganese and other minerals. Organic matter and various

dissolved gases are also present in small amounts (Jain
et al. 2010). EC ranges from 374 to 7028 pS/cm at 25 C,
with an average of 2333.4 uS/cm (Table 2). EC was above
the maximum permissible limit (1500 puS/cm) in 69.09% of
samples as per WHO (2004) standards (Table 3). The
higher EC may cause a gastrointestinal irritation in human
beings. According to the WHO (2004) classification of EC,
it can be classified as type I, permissible (EC < 1500 pS/
cm); type II, not permissible (EC: 1500 and 3000 pS/cm);
and type III, hazardous (EC > 3000 pS/cm) (Table 4). In
the study area, 30.91% of the total groundwater samples
comes under the type I (permissible), 41.82% under the
type II (not permissible), and 27.27% under the type III
(hazardous) (Table 4).

Total dissolved solids (TDS)

To ascertain the suitability of groundwaters for any pur-
pose, it is essential to classify them depending on their
hydrochemical properties based on TDS values (Davis and
DeWiest 1966). The spatial distribution of TDS in ground
water in the selected area is given in Fig. 2d. The TDS of
the water samples range from 276.90 to 4910.5 mg/L with
an average value of 1693.3 mg/L (Table 2). According to
Davis and De Wiest (1996) classification, 3.64% of the
groundwater samples are desirable for drinking, 23.64% of
the samples are permissible for drinking, 65.45% of sam-
ples are useful for irrigation and 7.27% of the samples are
unfit for drinking and irrigation (Table 5). Water having
high TDS values if used for drinking purpose may induce
an unfavorable physiological reaction in the transient
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Table 4 Groundwater

classification for drinking Electrical conductivity (uS/cm) Classification Number of samples Percentage of samples
purpose based on electrical <1500 Permissible 17 30.91
conductivity o

1500-3000 Not Permissible 23 41.82

>3000 Hazardous 15 27.27

Total 55 100
gz&:fﬁiatg)?izggiaf; TDS TDS (mg/L) Classification Number of samples Percentage of samples

<500 Desirable for drinking 2 3.64

500-1000 Permissible for drinking 13 23.64

1000-3000 Useful for irrigation 36 65.45

>3000 Unfit for drinking and irrigation 4 7.27

Total 55 100

consumer and gastrointestinal irritation (Shankar et al.
2008). It has also a laxative effect, and prolonged intake of
water with the higher TDS can cause kidney stones, which
are widely reported from different parts of India (Garg
et al. 2009).

Total alkalinity (TA) and total hardness (TH)

The alkalinity is referred to as the acid neutralizing capacity
(ANC) of water. This is an expression of buffering capacity.
The basic species responsible for alkalinity in water are
bicarbonate ions [HCO3z ], carbonate ions [CO327] and
hydroxide ions [OH™]. TA values are observed to be between
27.53 and 675.24 mg/L. with an average of 174.34 mg/L
(Table 2). The TA is a measure of HCO;~ and CO5>~ ions.
The spatial distribution of TA in the groundwaters of the
selected study area is shown in Fig. 3a. Phenolphthalein
alkalinity was completely absent in all the samples, it indi-
cates TA is caused by HCO; ™ ion only, as the pH is between
7.11 and 8.57. Bicarbonate is a major element in the human
body, which is necessary for digestion. When ingested, for
example, with mineral water, it helps buffer lactic acid
generated during exercise and also reduces acidity of dietary
components. It has a preventive effect on dental cavities. The
chemical data show that only 3.64% of the water samples
exceeded the desirable limit of 350 mg/L in all the ground-
water samples (Table 3).

The principal cations that impart hardness are Ca** and
Mg*" ions. The anions responsible for hardness are mainly
carbonate, bicarbonate, sulfate, chloride, and nitrate.
Hardness is an important criterion for determining the
usability of water for drinking as well as for other domestic
use, as it causes unpleasant taste and reduces the ability of
soap to produce lather. The total hardness (TH) values of
the water samples range from 180.47 to 2305.47 mg/L with
an average value of 730.03 mg/L (Table 2). Groundwater
exceeding the limit of 150 mg/L of hardness is considered

to be hard (Sawyer and McCartly 1967). The classification
of groundwater (Table 6) based on TH showed that a
majority of the groundwater samples are very hard water.
Most of the samples with higher TH are distributed in the
south east part of the selected study area (Fig. 3b).
According to the classification of TH, approximately
10.91% of the groundwater samples come under the hard
category and the remaining 89.09% of the groundwater
samples fall in the very hard category (Table 6). The high
amount of hardness in the study area samples is due to the
presence of carbonate minerals (calcite, dolomite, and
aragonite) and evaporates (gypsum, anhydrite). High val-
ues of TH above 1500 mg/L may cause kidney problems
(Jain 1996). High values of both TA and TH are distributed
in the northern part of the study area (Fig. 3a, b). There is
some suggestive evidence that long-term consumption of
extremely hard water might lead to an increased incidence
of urolithiasis, anecephaly, pre-natal mortality, some types
of cancer and cardiovascular disorders (Ramesh and
Elango 2012).

Sodium (Na*) and potassium (K*)

Major cations present in high concentrations in most of the
groundwaters are calcium, magnesium, sodium and potas-
sium (Younger 2007; Singh et al. 2012). The concentration
of sodium varies from 19.23 to 761.4 mg/L with an aver-
age value of 169.91 mg/L (Table 2). In 34.55% of the
analyzed samples (Table 3), Na' exceeded the WHO
(2004) standard and distributed itself in the middle part of
the selected area (Fig. 4a). It makes the water unsuit-
able for drinking, because it causes severe health problems
like hypertension, congenital diseases, kidney disorders
and nervous disorders in the human body (Holden 1970;
Subba Rao et al. 2012). Na™ is the dominant ion present in
water among the other cations. This is because of the sil-
icate weathering and/or dissolution of soil salts stored by
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Fig. 3 Spatial distribution of TA and TH
Table 6 Groundwater . .
Total Hardness (mg/L) Classification Number of samples Percentage of samples

classification for drinking

purpose based on Total <75
Hardness
75-150
150-300
>300
Total

Moderately - -

Hard 6 1091

Very hard 49 89.09
55 100

the influences of evaporation and anthropogenic activities
(Subba Rao 2002; Subba Rao et al. 2012), in addition to the
agricultural activities and poor drainage conditions.
Moreover, the solubility of Na™ salts is generally high. The
higher contribution of Na™ than that of Ca®" to the total
cations is expected due to the influence of ion exchange.
Groundwater in most of the study area comes under non-
safe category for drinking, with reference to the concen-
tration of Na™, which is more than 200 mg/L. Therefore,
sodium restricted diet is suggested for the patients who
suffer from heart diseases and also from kidney problems.
Potassium contents range from 1.25 to 124.90 mg/L. with
an average value of 21.43 mg/L in the samples (Table 2).
The maximum value is observed at southwest part of the
selected area (Fig. 4b), which is surrounded by agricultural
fields. The excessive use of potassium fertilizers and

@ Springer

manures in cultivation might have percolated into the
groundwater.

Calcium (Ca**) and magnesium (Mg>")

Calcium and magnesium contents of the analyzed samples
are within the limit of WHO (2004) standard. The spatial
distribution of Ca®" and Mg”" in the groundwaters of the
study area is given in Fig. 4c, d. The concentrations of
calcium range from 7.71 to 194.95 mg/L with an average
value of 46.57 mg/L (Table 2). Ca" can be derived from
the dissolution of carbonate and evaporitic minerals (e.g.,
calcite, dolomite, aragonite, gypsum, and anhydrite). The
concentration of Mg>" ranges from 5.68 to 56.27 mg/L
with an average of 22.89 mg/L (Table 2), which is below
the prescribed limit of 150 mg/L for potable water. Mg*"
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is an essential ion for the functioning of cells in enzyme  augite, diopside biotite, hornblend) in igneous and meta-
activation, etc. (Garg et al. 2009). The principal source of =~ morphic rocks and magnesium carbonate (dolomite) in
Mg in natural water is ferromagnesian minerals (olivine, ~ sedimentary rocks (Singh et al. 2012). In contrast to the
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Table 7 Groundwater classification based on anions

Parameters Very good Good Usable Usable with caution Harmful
Drinking water classification Drinking water limits [mg/L] (percentage of samples)
Cl™ 0-25 (3.6) 26-200 (32.7) - - >200 (63.6)
NO;~ 0-10 (90.9) 11-25 (9.1) 26-50 (-) - >50 (-)
NeX 0-25 (16.4) 26-250 (83.6) - - >250 (-)
Irrigation water classification Irrigation water limits (percentage of samples)
Cl™ 0-142 (25.5) 143-249 (14.5) 250426 (45.5) 427-710 (10.9) >710 (3.6)
NO;~ 0-10 (90.9) 11-30 (9.1) 31-50 (-) 51-100 (-) >100 (-)
SO~ 0-192 (100) 193-336 (-) 337-575 (-) 576-960 (-) >960 (-)

concentrations of Ca’*", Mg”>", and Na™ ions among the
cations, lower concentration of K was observed from the
groundwaters (Table 2), as the potash feldspars are more
resistant to chemical weathering and is fixed on clay
products. Generally, the concentration of K™ is less than
10 mg/L in drinking waters. It maintains fluid balance in
the body. The K™ exceeds 20 mg/L in 25.45% of the total
groundwater samples (Table 3).

Fluoride (F7)

Optimum concentration of fluoride (about 1 mg/L) in
drinking water is good for dental health and for good bone
development. Intake of excess fluoride (beyond 1.5 mg/L,
WHO guideline) (WHO 2004) for long periods can result
in the incidence of fluorosis. High fluoride concentration in
groundwater above the permissible limit of 1.5 mg/L has
been a major toxicological and geo-environmental problem
in India. Fluoride in groundwater generally occurs as a
natural constituent. In this study area, groundwaters have
F~ from 1.40 to 3.60 mg/L (Table 2), and majority of the
samples have F~ higher than the standard limit of 1.50 mg/
L (Table 3). This may be due to leaching of fluoride ions
from natural sources of fluoride bearing rocks present in
these areas. Samples with F~ above permissible limit are
located throughout the study area as indicated in the spatial
distribution map (Fig. 5a). High intake of fluoride (over
1.5 mg/L) results in physiological disorders, dental,
skeletal and non-skeletal fluorosis, thyroxine changes and
kidney damages (Latha et al. 1999; Xiong et al. 2007; BIS
2012). Raja Reddy (1979) has stated that higher intake of
F~ may change the metabolic activities of soft tissues
(thyroid, reproductive organs, brain, liver, and kidney).

Nitrate (NO3~) and Sulfate (SO4>7)

Nitrate concentrations in the study area range from 0.89 to
25.42 mg/L with an average of 4.43 mg/L (Table 2). High
nitrate concentrations in groundwaters are reported in
many parts of India because of intensive agricultural

practices which utilize nitrogenous fertilizers. All the
samples are within the permissible limit of 45 mg/L as per
WHO and this is shown in the spatial distribution map
(Fig. 5b). Higher concentration of NO;~ can cause
methaemoglobinaemia (commonly known as blue baby
syndrome, which affects the infants), gastric cancer, goiter,
birth malformation and hypertension (Jain et al. 2010; Tank
and Chandel 2010).

The concentrations of SO4>~ ions range from 20.42 to
92.81 mg/L with an average of 39.3 mg/L (Table 2) and all
the samples are well within the desirable limit of 250 mg/L
(WHO 2004). The spatial distribution of SO427 in
groundwater samples of the study area is shown in
(Fig. 5¢). The sulfates in groundwater generally occur as
salts of calcium, magnesium, and sodium. High concen-
tration of sulfate in water is due to the accumulation of
soluble salts in soil, anthropogenic activity, addition of
excessive sulfate fertilizer, etc. The major source of SO42_
in groundwater is due to weathering of sulfur-bearing
minerals such as gypsum, anhydrite, magnesium and
sodium sulfate minerals. Higher concentration of SO,*~ in
drinking water is associated with respiratory problems
(Subba Rao 1993). Sulfate when present in excess of
>400 mg/l with sodium or magnesium may lead to gas-
trointestinal irritations (Shankar et al. 2008).

Chloride (C17)

The drinking and irrigation water classifications are subdi-
vided into five groups with respect to each anion concen-
tration as: very good (I), good (II), usable (III), usable with
caution (IV) and harmful (V). The classification limits are
illustrated in Table 7. High concentrations of C1™ in drinking
water cause a salty taste and have a laxative effect (Bhardwaj
and Singh 2011) in people not accustomed to it. In the study
area, Cl1™ varies from 17.75to 1148.43 mg/L with an average
of 281.68 mg/L (Table 2). The desirable limit of C1~ for
drinking water is specified as 200 mg/L as per WHO (2004)
and 60% of the samples are above this limit (Table 3). Most
of the samples with higher values of C1™ are distributed in the
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Fig. 6 Spatial distribution of WQI

middle and southern part of the study area (Fig. 5d).The
concentration of C1™ in groundwater is relatively high due to
evaporation, enriched irrigation, return flow and poor sani-
tary conditions. Soil porosity and permeability also play a
key role in building up the chloride values (Jain et al. 2003,
2010; Jameel and Hussain 2011).

Water quality index (WQI)

Water quality index was calculated to determine the suit-
ability of water for drinking purpose. The WQI values
revealed that all groundwater samples are above 100,
which is the permissible limit and, therefore, cannot be
used for human consumption. The special distribution map
of WQI is shown in Fig. 6 and it is clearly indicated that
throughout the study area all the water sources are not fit
for human consumption.

Correlation coefficient
The interrelations among the chemical parameters are

evaluated, using a correlation coefficient (r) model, to
assess the sources of dissolved salts in the groundwater

@ Springer

(Table 8). The EC and TDS are positively correlated with
salinity (r = 0.989 and 0.993), TH (r = 0.664 and 0.637),
Ca’* (r = 0.609 and 0.590), Mg>" (r = 0.483 and 0.489),
Na® (r = 0.804 and 0.814), CI~ (r = 0.837 and 0.825),
and SO,*~ (r=0.169 and 0.140), indicating that the
groundwater is mainly controlled by Ca*", Mg®>", Na™,
Cl, and SO42_ ions, which depend on the mineral disso-
lution, mineral solubility, ion exchange, evaporation,
topographical features, anthropogenic activities and water
flow path conditions. The TA as HCO;~ has good corre-
lation with Na™ (r = 0.532), F~ (r = 0.400) and salinity
(r = 0.325); the TH with Ca’" (r = 0.763) and Mg>"
(r = 0.639), salinity (r = 0.635) with Na®™ (r = 0.517),
Cl~ (r = 0.802), and SO,*>~ (r = 0.258). The Ca’" is in
good positive correlation with Na* (r = 0.424) and CI~
(r = 0.765) while the Mg has significant positive correla-
tion with Na™ (r = 0.414), CI” (r = 0.678), and SO,*~
(r = 0.156; Table 6), reflecting the influences of Ca2+,
Mg®", and Na'-bearing minerals, in addition to the
anthropogenic source. Ca®>" and SO~ ions are positively
correlated (r = 0.323), reflecting dissolution of sulfate
minerals, especially gypsum and anhydrite. The salinity
shows highly positive correlation with C1™ (r = 0.822),
Na™ (r = 0.818), Ca®" (r = 0.586) and Mg*" (r = 0.477)
which depends on the mineral dissolution, mineral solu-
bility, ion exchange, evaporation, anthropogenic activities
and water flow path conditions. The positive correlations
among chemical variables suggest that there are geo-
chemical and biochemical process between these dissolved
species, contributing to the water chemistry within the
study area (Subba Rao et al. 2012). Na* and CI~ exhibit a
high correlation coefficient (r = 0.830). The high con-
centration of these ions indicates the predominance of
chemical weathering and leaching of chloride salts (mostly
halide) (Esmaeili and Moore 2012). As the HCO;™ is a key
factor to the enrichment of F~ concentration, these two
parameters have good positive correlation (r = 0.400).
Moreover, groundwater with high HCO;~ and Na™ con-
tents are usually in alkaline conditions. F~ and OH™ are
negatively charged and possess similar ionic radii 1.33 A
F~ for and 1.40 A for OH . Therefore, OH™ can replace
the exchangeable F~ from F-bearing minerals and enhance
the F~ concentration in groundwater (Jacks et al. 2005; Dar
et al. 2011).

Hydro-geochemical classification of groundwater

The quality of groundwater in its natural state indicates the
hydro-geochemical nature of aquifers. Piper tri-linear dia-
grams (Piper 1953) have been widely used since it is
helpful in wunderstanding the hydro-geochemistry of
groundwates. In Nilakottai block as seen from (Fig. 7), the
left side of the triangle type is dominated with Na® + K*
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Fig. 7 Piper (1953) diagram of
the groundwater samples
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Fig. 8 Schoeller diagram of the groundwater samples

cations over the study period. Ca®" or Mg>" ions were not
identified. Similarly for anion concentrations (right side of
the triangle), C1~ ions predominated, followed by the
HCO; ™ ions. SO4*~ containing samples were not detected.
The diamond-shaped field can be classified into six types:
(1) Ca-HCOg3; (2) Na—Cl; (3) mixed Ca—Na-HCO; (4)
mixed Ca-Mg—Cl; (5) Ca—Cl; (6) Na—HCOj (Fig. 2). Most
samples fell into zones 2, 4 and 5 of the diamond-shaped
field, indicating a predominance of sodium chloride, mixed
and calcium chloride types. The plot shows that most of the
groundwater samples fall in the field of alkaline metals
(Na*t, K™) over the alkaline earth metals (Ca”, Mg2+) and
strong acid ions (Cl, S04%7) exceed the weak acid
(HCO;3;7) ions. The dominant anion is CI~ and HCO5;™,
followed by SO,>~; Na™ is the major cation and followed
by Mg®" and Ca*" in the groundwater. The relative
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G — Chloride type

concentrations of the ions occur in the order of Na® >
Mg*" > Ca?" and CI~ > HCO;~ > SO,*~ (Fig. 8).

Evaluation of irrigational quality of groundwater

Excessive concentrations of dissolved ions in the irrigation
water affect plants and agricultural soil physically and
chemically through lowering of osmotic pressure in the plant
structural cells (Ramesh and Elango 2012). Water quality
criteria can be used as guidelines by farmers for selecting
appropriate management practice to overcome potential
hazards that would pose problems for irrigation and to
maintain existing soil productivity as well as high crop yield.
The suitability of groundwater for irrigation purposes
depends on the effect of mineral constituents of water on both
plants and soils. The salts besides affecting growth of plant
directly also affect soil structure, soil permeability, aeration,
texture and make soil hard (Trivedy and Geol 1984).

The general criteria for assessing the irrigation water
quality are: total salt concentration as measured by EC,
relative proportions of Na® as expressed by Percent Na
(%Na), Sodium adsorption ratio (SAR), Kelly’s Index (KI)
and Magnesium hazard (MH). The spatial distribution map
of %Na, SAR, KI and MH in ground water samples of the
selected study area is given in Fig. 9.

Percent sodium (%Na)

The classification of groundwater samples with respect to
the %Na is shown in Table 9. The %Na in the study area
ranged between 32.13% and 85.21%, with an average of
63.63% (Table 9). It is observed that most of groundwater
samples fall in the category of doubtful (63.64%) followed
by permissible (27.27%), unsuitable (5.45%) and a few
samples fall under good (3.64%) category. As per the
Indian standards (BIS 2012), a maximum Na content of
60% is allowed for irrigation water. The agricultural yields
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Table 9 Groundwater classification based on percent sodium (%Na)

% Na Classification Number of samples Percentage of samples
<20 Excellent - -

2040 Good 2 3.64

40-60 Permissible 15 27.27

60-80 Doubtful 35 63.64

>80 Unsuitable 3 545

Total 55 100

were observed to be generally low in fields irrigated with
water high in sodium salts, which cause osmotic effects in
soil-plant systems (Raju 2007).

Sodium adsorption ratio (SAR)

Irrigation water quality criteria developed by US Salinity
Laboratory (USSL 1954) have received wide acceptance in
many countries. Salinity and sodium hazards were pro-
posed to assess irrigation water quality; salinity hazard is
based on electrical conductivity (EC) measurement. The
salts present in water, besides affecting the growth of plants
directly, also affect the soil structure, permeability and
aeration, which indirectly affect the plant growth. Sodium
or alkali hazard of water for irrigation is determined by the
absolute and relative concentration of cations and is
expressed in terms of sodium adsorption ratio (SAR).
There is a significant relationship between SAR values of
irrigation water and the extent to which sodium is absorbed

Fig. 10 US Salinity diagram
for classification of irrigation 30

by the soils (Richards 1954). The calculated value of SAR
in the study area ranges from 1.05 to 19.50 with an average
of 5.11 in the groundwaters. In the given data in US salinity
diagram (Fig. 10), EC is taken as salinity hazard and SAR
as alkalinity hazard. In C;S; class, salinity and sodicity are
low and suitable for irrigation with most crops on most
soils. Classes C;S,, C,S,, and C,S; can be used for irri-
gation if a moderate amount of leaching occurs. Classes
C:S3, CoS3, G584, C5S,, and C3S3 require special man-
agement like good drainage, high leaching, and selecting
plants with good salt tolerance. In classes C;S,, C,S4,
C3S4, C4S4, C4S;3, C4S,, and C4Sy, salinity and/or sodicity
are very high and the water is not suitable for irrigation
under ordinary condition, but may be used under very
special circumstances. Figure 10 shows that majority of the
water samples fall in the category of C3S; and C4S,. About
58.18% of the groundwater samples fall in the field of C3S;
indicating high salinity and low alkaline water; this can be
used for irrigation in almost all types of soil with little
danger of exchangeable sodium. Salt-tolerant plants/crops
should be selected for high saline regions and irrigated with
excess water to provide considerable leaching. About
38.18% of the ground water samples fall in the fields of
C4S,, indicating very high salinity and low to medium
sodium content. This water is suitable for plants with good
salt tolerance, but the suitability is restricted for irrigation
of soils with limited drainage. Very few of the groundwater
samples (3.64%) fall in the field of C,S;, indicating med-
ium salinity and low sodium content. These waters can be
used for irrigation with little danger of harmful
exchangeable Na™.
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Magnesium hazard (MH)

Szabolcs and Darab (1964) have proposed a magnesium
hazard for assessing the suitability of water quality for
irrigation. Generally, Ca®" and Mg?" maintain a state of
equilibrium in ground water. More Mg>" present in waters
affects the soil quality converting it to alkaline and
decreases crop yield. MH values >50 are considered
harmful and unsuitable for irrigation purposes. If MH
exceeds the value of 50, water associated with such a value
is considered to be harmful and hence is unsuitable for
irrigation, because it adversely affects the crop yield. In the
present study, MH varied from 22.37 to 64.40 with an
average of 45.35 (Table 3). MH of 36.36% of the
groundwater samples exceeds the value 50 and is not
suitable for irrigation.

Conclusions

This study deliberated the hydrochemical characteristics
of groundwater of Nilakottai block, Tamil Nadu, South
India. The water quality was assessed with respect to its
suitability for human consumption and irrigational
activities. pH values of the groundwater samples in this
block show that they are generally neutral to slightly
alkaline in nature. EC values of 30.91% of the total
groundwater samples come under permissible levels,
41.83% under not permissible levels, and 27.27% under
hazardous levels. Of the samples, 72.72% have a higher
TDS value than the standard limit. The classification of
groundwater based on TH showed that approximately
10.91% of the groundwater samples come under the hard
category and the remaining 89.09% of the groundwater
samples fall in the very hard category. In the study area,
most of the samples of groundwater come under the non-
safe category for drinking, with reference to concentra-
tion of Na* and Cl~, which are more than 200 mg/L.
High concentrations of both the ions in drinking water
impart a salty taste.

Hydro-geochemical classification of groundwater indi-
cates the predominance of Na—Cl, mixed Ca-Mg—Cl and
Ca—Cl type. Most of the groundwater samples fall in the
category of alkaline metals (Na®, K*) over the alkaline
earth metals (Ca2+, Mg”). Strong acid ions (CI™, SO427)
exceed the weak acid ions (HCO3™). The relative con-
centrations of the ions occur in the order of Na®™ > -
Mngr > Ca’" and CI” > HCO;™ > SO427. Groundwater
samples have F~ in the range of 1.40-3.60 mg/L and
almost all the water samples have higher F~ than the
standard limit of 1.50 mg/L. Slight alkalinity, high TDS,
higher HCO;~ and Na™, and lower Ca’" contents are
favorable for F~ to be enriched in groundwater. The

presence of high HCO5;™ concentration could facilitate F~
dissolution from fluoride-rich minerals. The mechanisms
also include F7/OH™ anion exchange processes as well as
evapotranspiration, both of which increase fluoride
concentration.

The suitability of groundwater for irrigation purposes
depends on the effect of mineral constituents of water on
both plants and soils. Calculated values of % of Na, SAR
and MH indicate that most of the ground water samples are
not suitable for irrigation of crops. The overall pattern of
the water quality index of the present study area revealed
higher WQI values indicating the poor water quality. GIS
data of this study evident that the overall water quality of
the study area is very poor and unsuitable for drinking as
well as for irrigation purposes.

Water quality management is very essential in the study
area, which implies utilization and development of water in
a way that maintains its quality at optimum level for the
present and potential future users. If rainwater is harvested
and conserved properly, it is possible to reduce the con-
centrations of TDS, TH, Na‘t, ClI-, NO;~, and F~ well
below the unsafe limits for drinking and irrigational pur-
poses. Public awareness programs on the consequences of
inferior water quality on human health and agricultural
fields and rain water conservation methods are key factors
for the success of water quality management for sustain-
able development.
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