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Abstract Assessment of possible sources that control the
groundwater quality was carried out in the Cauvery deltaic
region, India, since domestic and agricultural water
requirements are largely met by groundwater abstraction.
Major ion and bromide contents are high in groundwater in
the coastal wells. Spatial and vertical distributions of ions
reveal that the shallow wells and wells in coastal parts have
high chloride, nitrate, ammonium and phosphate. Ground-
water quality assessment was carried out using the pre-
scribed limits of World Health Organization and Bureau of
Indian Standards which indicates that 55 % of samples are
not fit for drinking. Integrated suitability map for drinking
was created based on the concept that if the water sample
exceeds any one of the standards by World Health Orga-
nization or Bureau of Indian Standards, the well is not fit for
drinking. Groundwater quality for agricultural activities
was assessed using electrical conductivity, sodium adsorp-
tion ratio, residual sodium carbonate, United States salinity
laboratory diagram and Food and Agricultural Organization
methods. According to Food and Agricultural Organization,
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84 % of samples are classified as low sodium water and are
suitable for all crops and soils. It was found that the water
quality in this area is affected by improper disposal of
waste, sewage/drainage canals near the wells, irrigation
return flow, application of agrochemicals and saline water
intrusion in the coastal region. Further, integrated suitability
map produced in this study will be useful for future
groundwater development and planning in this area. The
suitability map needs to be updated periodically for proper
management plan to preserve the groundwater resource in
this region.

Keywords Agriculture - Contamination - Irrigation water
quality - Unconfined aquifer

Introduction

Studies on groundwater quality have received greater
importance in recent decades because of increased use of
this reserve for various purposes in several parts of the
world. Groundwater quality is largely affected by natural
and human activities. According to UNESCO (2007)
report, 80 % of the diseases and deaths in the developing
countries are related to water contamination. In the coastal
region, saline water intrusion due to over pumping, sea-
spray and marine aerosols deposited on the topsoil are the
major sources of deterioration of groundwater quality
(Banner et al. 1989; Rosenthal et al. 1992; Vengosh and
Rosenthal 1994). Likewise, anthropogenic contamination
such as irrigation return flow, agro chemicals, domestic
sewage, septic tank effluent and animal wastes are other
major sources of contamination of groundwater. Numer-
ous studies have quantified the effect of anthropogenic
contamination in groundwater composition (Brink et al.
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2007; Kumar et al. 2009; Lang et al. 2011; Vijay et al.
2011). Recharge from the agricultural field is one of the
main sources of nutrients and salinity in the groundwater.
Groundwater containing nitrate and nitrite above the per-
missible limit is not suitable for drinking (Lee et al. 2003;
Rajmohan and Elango 2005). Fluorosis caused by elevated
fluoride concentration in drinking water has been reported
in various countries such as India (Shortt et al. 1937,
Ayoob and Gupta 2006; Brindha et al. 2011), China
(Wang and Huang 1995), Tanzania (Mjengera and
Mkongo 2003), Mexico (Diaz-Barrigo et al. 1997),
Argentina (Kruse and Ainchil 2003) and South Africa
(WRC 2001). Intake of water containing excess fluoride
causes different types of fluorosis, primarily dental and
skeletal fluorosis (ICPS 2002). Land use pattern also has
strong relationship with groundwater contamination as
reported by Jeong (2001), Elhatip et al. (2003) and Ra-
jmohan et al. (2009).

Agriculture is one of the activities for economic
development in most of the countries and groundwater
quality criterion is important to decide on the suitability
of water for irrigation. Several researchers have assessed
the groundwater quality for domestic and agricultural
activities using various parameters such as sodium
absorption ratio (SAR), residual sodium carbonate (RSC),
Unites States salinity laboratory (USSL) classifications,
etc. (Subramani et al. 2005; Jeevanandam et al. 2006; Al-
Futaisi et al. 2007; Pritchard et al. 2008; Sivakumar and
Elango 2008; Jalali 2009; Ma et al. 2009; Tank and
Chandel 2010; Dar et al. 2011; Kamble and Vijay 2011;
Pant 2011; Ramesh and Elango 2011; Brindha and El-
ango 2011). These studies emphasized that groundwater
quality monitoring and evaluation are necessary to take
necessary action to protect the groundwater for its sus-
tainable management.

Tamil Nadu state was India’s fifth biggest producer of
rice (IRRI 2007). In Tamil Nadu, the total cultivated area
was 56.10 million hectares in 2007-2008. Out of the
entire state, the deltaic region of Cauvery River alone
produces large quantity of rice. In fact the Cauvery delta
region is known as the Rice Bowl of South India. Water
requirements for domestic and agricultural use in this
region are partly met by groundwater abstraction because
of lack of surface water as the Cauvery River is a non-
perennial river and due to frequent failure or untimely
monsoonal rains. Hence, assessment of groundwater
quality and possible contamination sources is inevitable to
safeguard this resource. This study was carried out with
an objective of assessing the groundwater quality and
sources of contamination in the deltaic region of Cauvery
River, Tamil Nadu, India, as groundwater is the major
source of water for agricultural and domestic purposes in
this region.
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Study area

The study area (about 850 sq. km) forms a part of deltaic
region of Cauvery River basin, Tamil Nadu (Fig. 1). The
region enjoys a tropical monsoon climate, with mean
temperature ranging from 25 to 32 °C, relative humidity
from 60 to 70 % and the average rainfall of about
1,200 mm/year. Being a coastal region, it is prone to fre-
quent catastrophic cyclones and floods. The region was
also severely affected by the 2004 tsunami (Rajamanickam
et al. 2006; Sivakumar and Elango 2010). It receives high
intensity of rainfall during north-east monsoon (October—
December), moderate during south-west monsoon (July—
September) and low during transitional period. Cauvery is
the main river flowing towards the sea in the area and it
has ten main tributaries namely Nandalar, Nattar, Vettar,
Arasalar, Mudikondan, Thirumalairajanar, Chozha chuda-
mani, Puttar, Nandaar and Puravadayanar. These rivers are
non-perennial and flow generally for a few days during the
monsoons during October—December. The rural population
mostly depends on the use of groundwater for cultivation
and domestic uses during most period of the year. The
common crops grown in this area are rice, sugarcane,
cotton, grams and tobacco.

Geology and hydrogeology

The study area is generally flat with maximum elevation of
4 m in the western side. This area is characterized by the
deltaic deposits of alluvial sand and clay. The geology and
hydrogeology of this region are reported by Natarajan
(1982), CGWB (1991), Sankaran and Natarajan (1980),
Varadaraj and Natarajan (1988) and CGWB (1993). This
region comprises of various geological formations ranging
from the Archaean to recent alluvium. The geological
succession of the study region is given in Table 1. The
thickness of Miocene formation ranges from less than 1 m
in the west to more than 600 m in the east. On the basis of
faunal evidence, this formation is further divided into two
units: lower Miocene and middle and upper Miocene. The
Eocene formation is encountered in boreholes at a depth of
about 130 m in the west and 430 m in the central and
eastern parts of the region (Sukhija et al. 1996).

The Pliocene deposits vary in thickness from 50 m from
west to 75 m along the coast. The Pliocene deposits are
called the Podukkudi formation in the Thanjavur district
(UNDP 1971), and the Karaikal beds in the Karaikal area
(CGWB 1993). Quaternary formations, which are fluvial
and semi-marine in origin are present along the coast and
also occupy most of the study area with thickness varying
from about 1 m to 50 m from west to east, whereas in
Karaikal region the Quaternary deposits is of 2643 m
thickness occupying the entire area. This overlies the



Int. J. Environ. Sci. Technol. (2013) 10:473-486

475

79920'
LEd

79°g25" 79°g 30"

79°g35'

79°g40' 79°g45' 79°g50'

?9' 20 7o'l 25 ?91 30

Fig. 1 Location of study area and monitoring wells

Table 1 The geological succession in Cauvery deltaic region

?91 35"

Period Epoch Formation  Lithology

Quaternary ~ Recent Alluvium Soils, coastal and river

laterites sands, and laterites

Tertiary Pliocene Podakkudi  Sands, clays and minor
limestone

Miocene Cuddalore Sands, sandstones,
gravels, with clay and
limestone

Eocene - Sands, silts and clays

...Unconformity...

Mesozoic Cretaceous Kuppakkudi Calcareous, sandstones,
clays, marls and
siltstones

...Unconformity...

Precambrian Archaean  Eastern Gneissic complex and

ghat hornblende granites
complex

Karaikal beds of Pliocene (50-77 m) and Cuddalore for-
mation of Miocene period (about 600 m) (Sukhija et al.
1996).

Groundwater occurs in almost all the geological for-
mations of this region. Figure 2 shows the borehole
lithology of the study region. In alluvial deposits,
groundwater occurs under water-table, in semi confined
and confined conditions. Owing to the marine origin of the
Karaikal beds, the groundwater is saline and not suitable

79040 79050

for domestic or irrigational purposes. Therefore, ground-
water development in this formation is limited.

Materials and methods

Initially well inventory survey was performed and electri-
cal conductivity (EC) of groundwater samples was mea-
sured in most of the wells located in this region. After this
survey, 44 representative wells were selected for ground-
water sampling in May 2010 (Fig. 1). Most of these wells
are shallow in nature and have been used for agricultural
purpose. EC and pH were measured in situ using digital
meters. The samples were collected in 1-L high-density
cleaned polythene containers and rinsed 3—4 times before
sampling using the water to be sampled. Collected samples
were stored at 4 °C and transported to the laboratory on the
same day. Samples for analysis were filtered through
0.45 pm cellulose membranes before analysis.

Collected samples were analysed for major and minor
ions using standard methods (APHA-AWWA-WEF 1998).
Except alkalinity, all the parameters were analysed using a
ion chromatograph (Metrohm 861 Advanced Compact IC).
Alkalinity as bicarbonate was determined by titration
technique. Overall, measurement reproducibility and pre-
cision for each analysis were less than 2 %. The analytical
precision for the total measurements of ions was checked
again by calculating the ionic balance errors and was
generally within £5 %.
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Fig. 2 Borehole lithologs of selected wells in the study area
Results and discussion

The statistical summary of water chemistry in the study
region is given in Table 2. The pH of groundwater of the
study region varies from 6.6 to 8.1 with an average of 7.1
which indicates that the dissolved carbonates are predomi-
nantly in bicarbonate form (Adams et al. 2001). The EC
ranges from 500 to 5,500 puS/cm with a mean value of
1,702 puS/cm. The total dissolved solids (TDS) calculated
from EC (TDS = EC x 0.64), are between 320 and
3,520 mg/L. with an average of 1,089 mg/L. According to
TDS classification (Freeze and Cherry 1979), 39 % of wells
come under brackish type (TDS > 1,000 mg/L), whereas
61 % belong to fresh water category (TDS < 1,000 mg/L).
Chloride concentration of groundwater ranges between 56
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Table 2 Statistical summary of chemical parameters

Parameter Min Max Mean Median
pH 6.6 8.1 7.1 7

EC 500 5,500 1,702 1,200
TDS 320 3,520 1,089 768
TH 15 878 339 278
Na 23 853 233 127
K BDL 189 26.8 6.52
Ca 2.46 268 83.6 73
Mg 1.7 107 31.8 27.6
Alkalinity 98 841 353 323
Cl 56 1,435 302 173
SOy 14 247 81.7 75
NO; BDL 120 31 19.9
NH,4 0.02 49.6 3.6 0.6
NO, BDL 7.02 0.2 0.02
F 0.01 1.5 0.3 0.27
Br BDL 4.12 0.6 0.31
PO, BDL 6.12 0.9 0.27

Units = mg/L, except EC (uS/cm) and pH

and 1,435 mg/L with a mean value of 302 mg/L. Chloride
concentration in the samples were generally less than
500 mg/L except for five wells.

Spatial variation in groundwater chemistry

Spatial variation of selected ions in the study region is shown
in Fig. 3. EC, ammonium, phosphate and chloride contents
are high in groundwater of the coastal region. A few wells
located in the central and northern region have high con-
centration of nitrate. Potassium concentration in water
samples collected from wells in coastal region and in some
wells away from the coastal region is high. Major ions such
as sodium, calcium, magnesium, sulphate and bicarbonate
did not show any particular spatial trend. Generally, bromide
is a good indicator of influence of saline sources (Andreasen
and Fleck 1997). The concentration of bromide in the wells
located near the coast is generally greater than 1 mg/L
indicating the influence of seawater mixing. In contrast,
fluoride concentration is high in central and northern parts,
whereas it is low in the coastal region (Fig. 3).

High EC and chloride concentrations in the eastern part
explain that the groundwater quality is largely influenced
by saline sources (saline water intrusion and sea spray).
Higher values of EC associated with the wells away from
coastal region probably indicate a longer residence time,
surface contamination and evaporation enriched irrigation
return flow. Spatial distribution of nitrate, ammonium and
phosphate imply that groundwater quality is affected by
surface sources of contamination. Spatial variation of
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Fig. 3 Spatial variation of selected parameters in the study region

fluoride indicates that it would have been derived by soil-  Figure 4 illustrates the vertical variation of major and
water interaction and not from the sea. Hence, the  minor ions in the study region derived based on the depth
groundwater quality in the study region is likely to be  of the well. Except pH, alkalinity and fluoride, all the ions

controlled saline sources, surface contamination and soil— follow a similar trend. Shallow wells have high concen-
water interaction. trations of ions compared with deep wells. This suggests

that the groundwater quality is affected by surface sources
Vertical variation in groundwater chemistry of contamination resulting due to agricultural activities

(fertilizers, farm manure and irrigation return flow) and
It is well known that vertical variation in concentration of ~ domestic wastewaters (sewage waters, wastewater canals
ions will give better idea about the surface contamination. near the wells, etc.). Geologically there is no known source

2
’f @ Springer



478

Int. J. Environ. Sci. Technol. (2013) 10:473-486
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of chloride and nitrate in the formations of this area. It is
understandable that high concentrations of nitrate, ammo-
nium and phosphate reveal the influence of surface source
of contamination since the wells located in the coastal
region are also shallow, whereas high concentrations of
sodium, magnesium, sulphate and chloride in these wells
reveal the influence of saline sources.

Vertical variation of pH and alkalinity indicates that
there is no significant variation with respect to depth.
Figure 4 displays that relatively high fluoride was also
found in shallow wells. Earlier researchers reported that

¥
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fluoride is mostly originated from the geogenic sources and
processes (Apambire et al. 1997; Ayoob and Gupta 2006;
Edmunds and Smedley 2005; Reddy and Prasad 2003). In
the study region, fluoride seems to be derived from surface
contamination sources and/or aquifer minerals, which is
discussed in the later sections.

Groundwater contamination sources and processes

Spatial and vertical variations in water chemistry elucidate
that groundwater chemistry is not homogenous and



Int. J. Environ. Sci. Technol. (2013) 10:473-486

479

affected by saline sources and surface contaminants in the
study region. Piper diagram (Fig. 5) illustrates that most of
the samples are Na—Cl type (45 %) followed by mixed
Ca—Mg-Cl (27 %) type. The dominant water types are in
the order of Na—Cl > mixed Ca-Mg-Cl > mixed Ca—Na-
HCO3 > Ca-HCO3 > Na—HCO3.

Influences of saline sources on water chemistry

EC of groundwater in this area is less than 2,000 pS/cm in
71 % of wells in the study region. But, wells located near
the coast have groundwater with high EC values
(EC > 2,000 puS/cm). Groundwater in the coastal wells is
enriched in sodium, potassium, magnesium, chloride, bro-
mide and sulphate. EC has strong correlation with chloride
(R* = 0.9), sodium (R* = 0.88), bromide (R*> = 0.7) and
sulphate (R* = 0.6) (Fig. 6). Likewise, chloride also has
strong correlation with sodium (R2 = 0.9) and bromide
(R*> = 0.8) (Fig. 6). Bromide is a good indicator for saline
water intrusion and coastal wells have high bromide con-
tent. Further, bromide has significant correlation with EC,
sodium, chloride and sulphate (Fig. 6). These observations
demonstrate that the water chemistry in the study region is
affected by saline water intrusion and/or sea spray.

Role of surface contamination sources on water
chemistry

Groundwater in the study region is highly contaminated by
surface contamination sources. Saline sources affected the
water quality only in the coastal region whereas surface
contaminants influenced the water quality both in coastal as
well as interior wells. Aquaculture activities in the

ca 30 60 40 20Ny HCO, 20 40 60 80

Fig. 5 Groundwater type in the study area

agricultural lands near the coast enhanced the contaminant
load in groundwater, especially of nitrate, nitrite, ammo-
nium and phosphate. Spatial variation pattern of these
parameters explain this observation (Fig. 3). Improper
disposal of wastes and sewage near the drinking water
wells also affected the groundwater quality. Especially
wells 3, 4, 5, 21 and 23 explain the impact of domestic
wastewater where canal carrying sewage and sewage pits
near these wells were observed during field visits. Further,
detergents in the wastewater may enhance concentrations
of sodium, potassium and chloride in the groundwater
(Jiang et al. 2009). Potassium distribution evidently sug-
gests the impact of surface contamination sources. Potas-
sium in groundwater of coastal part would have been
derived due to seawater mixing, whereas the high potas-
sium in inland region may be due to sources of surface
contamination. Irrigation return flow and application of
synthetic fertilizers and farm manures have strong influ-
ences on groundwater quality in the study region. Wells 17,
18, 25, 36, 44 and 45 have high nitrate content and express
influences of agricultural activities because these wells are
surrounded by mostly agricultural lands. In the study area,
urea (CO(NH,),), ammonium sulfate ((NH4),SO,), N:P:K
and potash (KCl) are the commonly used fertiliser in the
paddy field. However, there is no significant correlation
between nitrate, sulphate and potassium which explains
that these ions would be effectively held in the soils by
organic matter and clays. According to Bohlke (2002), the
origin of potassium from KCI fertilizer applications is
complicated due to ion exchange reactions.

Soil-water interaction

Interaction between groundwater and aquifer materials is
common in all aquifers. However, anthropogenic activities
dominate the natural process and degrade the water quality.
In the present study, most of the ions are derived from
saline and surface contamination sources. However, fluo-
ride shows different trend and highlights the role of soil—
water interaction. Fluoride has negative correlation with
chloride, bromide and nitrate (Fig. 7). These observations
ruled out the relation between fluoride, saline and surface
contamination sources.

Speciation calculations were carried out for carbonate,
sulphate and fluoride minerals using PHREEQC (Parkhurst
and Appelo 1999) for selected minerals. The results man-
ifest that groundwater of the study site is saturated and
supersaturated with respect to carbonate minerals and
undersaturated with respect to fluorite and gypsum. Fluo-
ride occurs in a combined form in rocks and soil in wide
variety minerals such as fluorspar (fluorite), cryolite, apa-
tite, topaz and their corresponding host rocks such as
granite, basalt, syenite, and shale (Apambire et al. 1997,
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Fig. 6 Correlation between various parameters of groundwater

Ayoob and Gupta 2006; Buxton and Shernoff 1999;
Edmunds and Smedley 2005; Hamilton et al. 1982; Reddy
and Prasad 2003; WHO 1994). According to Jacks et al.
(2005), fluoride is originated by condensation of soluble
components due to evaporation and evapotranspiration.
However, the absence of significant correlation between
chloride and fluoride rules out this mechanism. Further,
usage of phosphatic fertilizers in the paddy field seems to
be one of the sources for fluoride (Saxena and Ahmed
2003). The use of phosphate fertilizers in this region might
also be the reason for increased concentration fluoride as
these fertilizers have fluoride concentration of 13.77 mg/kg
(Brindha 2012). But, fluoride concentration in groundwater
is does not correlate with phosphate concentration. As per
the geology, the study region is covered by deltaic deposits
of alluvial sands and clays (black and brown colour).
Borehole lithology (Fig. 2) indicates that clay and clayey
sands are dominated in the study area and occur mostly as

% @ Springer

top layers followed by sand formation. Figure 4 displays
that high fluoride was observed in the shallow wells. These
observations suggest that clay—water interaction seems to
be a major source of fluoride in the study region followed
by the use of phosphate fertilizers.

Groundwater quality assessment
Domestic water quality

As mentioned earlier, the groundwater is a sole source for
domestic and irrigational activities in the study region. In
order to assess the groundwater suitability for these pur-
poses, various quality standards were employed. World
Health Organisation (WHO 1993) and Indian Bureau
of Indian Standards (BIS 2003) were compared with ana-
Iytical results. TDS is one of the important parameter to
assess the water quality. According to WHO standards,
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Fig. 7 Relation between Br, Cl,
NO3;, EC and F in the study area
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21 % of samples are not fit for drinking due to TDS which
exceeds 1,500 mg/L (Table 3). Davies and DeWiest (1966)
have classified the groundwater samples using TDS. Based
on this classification (Table 4), 11 % of samples are
desirable for drinking while 50 % of samples are permis-
sible for drinking purposes in the study area. Besides, total
hardness (TH) is an essential criterion to determine the
water quality for drinking, domestic and industrial activi-
ties. TH of groundwater of the study area varies between 15

3000 4000 5000

EC (pS/cm)

2000

-
o
o
o

6000

and 878 mg/L with an average value of 339 mg/L. Table 3
indicates that 18 % of samples exceed WHO standards
(TH > 500), whereas 11 % of samples exceed Indian
standards (TH > 600) based on TH. According to classi-
fication based on total hardness (Table 5), 90 % of samples
belong to hard to very hard category. Hard water causes
unpleasant taste, scale formations in pipes and on plumping
fixtures and reduces lather-forming ability of soap. Potas-
sium was greater than the prescribed limit of 12 mg/L
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Table 3 Groundwater quality evaluation using WHO and BIS for
drinking purposes

Water quality Max permissible Percentage exceeding the limit

parameters limit for drinking water
WHO BIS According to  According to
(1993) (2003) WHO (1993)  (BIS 2003)
pH 8.5 6.5-9.5 - -
TDS (mg/L) 1,500 2,000 21 14
TH (as CaCO3;) 500 600 18 11
(mg/L)
Ca*" (mg/L) 200 200 5 5
Mg*" (mg/L) 150 100 -
Na' (mg/L) 200 200 43 43
K* (mg/L) 12 - 39 -
NO3™ (mg/L) - 45 25 25
Cl™ (mg/L) 600 1,000 11 5
SO,> (mg/L) 400 400 - -
F~ (mg/L) 1.5 - -
Table 4 Classification of groundwater based on TDS
TDS Water type Percentage
Up to 500 Desirable for drinking 11.1
500-1,000 Permissible for drinking 50
<3,000 Useful for irrigation 34.1
>3,000 Unfit for drinking and irrigation 4.5

Table 5 Classification of the groundwater based on Total Hardness

Total hardness Water Percentage
(as CaCO;, mg/L) classification of wells
<75 Soft 5

75-150 Moderately hard 5
150-300 Hard 47

>300 Very hard 43

(WHO 1993) in 39 % of the groundwater samples. Potas-
sium is an essential element in humans; however, increased
exposure to potassium could result in significant health
effects in people with kidney disease or other conditions,
such as heart disease, coronary artery disease, hyper-
tension, diabetes, adrenal insufficiency and pre-existing
hyperkalaemia (WHO 2009). Besides, chloride and nitrate
are important constituents that decide the suitability of
groundwater for drinking. Based on chloride, 11 % of
samples exceed the allowable limit prescribed by WHO.
The concentration of nitrate ranges from below detection
limit (BDL) to 120 mg/L with an average value of 31 mg/
L. In the study region, 25 % of wells are not fit for drinking
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Fig. 8 Integrated suitability map for drinking in the study region

Table 6 Classification of the groundwater quality according to the
USDA method

Sodium  Salinity hazard
hazard 3 - - -
Low Medium  High Very high  Very very high
Cl Cc2 C3 Cc4 C5
Low
S1 - 6.8 % 546 % - -
Medium
S2 - 23 % 136 % 114 % -
High
S3 - - - 45 % -
Very high
S4 - - - 45 % 23 %

due to high nitrate concentration (nitrate > 45 mg/L)
(Table 3). High concentration of nitrate in the drinking
water is toxic and causes methemoglobinemia/blue baby
disease and gastric carcinomas in infants, leading to their
death. As far as fluoride is concerned, all of the ground-
water samples are within the maximum recommended limit
(1.5 mg/L) prescribed by WHO.

In order to predict the groundwater wells suitable for
drinking in the study site, integrated suitability map was
created using all the standards, recommended by both
WHO (2009) and BIS (2003). The map is prepared
based on the concept that if the water sample exceeds
any one of the standards (Table 3), the well is not fit
for drinking. Figure 8 shows the integrated suitability
map for drinking. Of the 44 sampling wells, 24 wells
(55 %) are not suitable for drinking and exceed any one
of the quality parameters recommended by WHO and
BIS.



Int. J. Environ. Sci. Technol. (2013) 10:473-486

483

100 2 3 4 567891000 2 3 4 5000 10000
I|d 32
=
\ 30
Q
T
o 2
18
24
222-
NN &
NS 201
=
= §1
=]
a & .
o|w|O 16-\ \
s |95 ° .
o N
g 14 \ >
2 o
.
Bty
2 \ N
3 s e ° .\
ER P i
3o 6 ~_ e & \
— ‘.\ °
44 °
[ \

1100 250 750

2250
SPECIFIC CONDUCTANCE (us/cm at 25°C)

5000 10

c1 c2 c3 c4 c5
LOW MEDIUM HIGH V.HIGH [V.V.HIGH
Fig. 9 USSL classification of groundwater in the study area

Table 7 Classification of groundwater quality for irrigation

00

Agricultural water quality

Livelihood of people in this area depends on agricultural
activities. Since rivers are non-perennial in nature and also
due to frequent failure of monsoons, surface water avail-
ability for irrigation is limited. Hence, irrigation require-
ment mainly depends on groundwater. The groundwater
quality for irrigation was evaluated using EC, SAR, USSL
classification, Food and Agricultural Organization (FAO)
and RSC. EC is a good measure of salinity hazard to crops.
Based on EC, irrigation water is classified into four groups
such as low (<250 pS/cm), medium (250-750 pS/cm),
high (750-2,250 uS/cm) and very high (2,250-5,000
pS/cm) salinity (Richards 1954). High-salinity water
increases soil water salinity by evaporation, which will
greatly reduce plant water uptake through osmotic effect
and causes dehydration and low yield. In the study area,
74 % of samples are classified into medium to high salinity
water (Table 6). Excess sodium in the irrigation water
enhances the exchange of sodium in the soil and affects soil
permeability and texture. Sodium hazard in the irrigation
water was estimated by SAR using the following relation:

SAR = Na/[(Ca + Mg)/2]”, units are expressed in meq/L

According to SAR classification, 61 and 27 % of
samples come under low and medium sodium water,

Potential irrigation problem

Degree of restriction on use

No. of samples (%)

None Slight to moderate Severe None Slight to moderate Severe
Salinity (affects crop water availability)
EC (uS/cm) <700 700-3000 >3,000 7 % 79 % 14 %
Infiltration (affects infiltration rate of water into the soil. Evaluate using EC and SAR together)
EC (uS/cm)
SAR
0-3 >700 700-200 <200 36 % 5% Nil
3-6 >1,200 1,200-300 <300 11 % 14 % Nil
6-12 >1,900 1,900-500 <500 11 % 9 % Nil
12-20 >2,900 2,900-1,300 <1,300 7 % 5 % Nil
20-40 >5,000 5,000-2,900 <2,900 Nil Nil 2%
Specific ion toxicity (affects sensitive crops)
Sodium (SAR)
Surface irrigation <3 3-9 >9 41 % 39 % 20 %
Sprinkler irrigation <3 >3 41 % 59 % Nil
Chloride (meq/L)
Surface irrigation <4 4-10 >10 39 % 29 % 32 %
Sprinkler irrigation <3 >3 18 % 82 %
Miscellaneous effects (affects susceptible crops)
Nitrate nitrogen (mg/L) <5 5-30 >30 52 % 48 % Nil
Bicarbonate (overhead sprinkling only) (meq/L) <1.5 1.5-8.5 >8.5 Nil 86 % 14 %
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respectively, in the study site (Table 6). Detailed
assessment was carried out using USSL classification
(Fig. 9) where EC and SAR were employed together
(United States Salinity Laboratory 1954). Figure 9
illustrates that most of the samples were plotted on C3S1
(54.6 %) and C3S2 (13.6 %) category. Water samples that
plot in the zone of C3S1 can be used for irrigation on most
of the soil types with little caution about exchangeable
sodium. Samples falling in C3S2 category are not suitable
for irrigation purposes.

The suitability of water for agricultural purposes is also
evaluated using FAO classification (Ayers and Westcot
1994) (Table 7). In this classification, EC, SAR, sodium,
chloride, nitrate and bicarbonate were employed. Based on
EC, 79 % of samples come under slight to moderate cat-
egory for agricultural use, whereas 14 % have severe
salinity restrictions (Table 7). Generally, 84 % of samples
in the study region are low sodium water (SAR < 10), and
are applicable for all crops and soil condition. In the FAO
system also, SAR and EC are used together to understand
the effect on water infiltration rate, which will be increased
with increasing EC at a given SAR (Table 7). As per the
chloride toxicity, there is no restriction for 18 % of samples
while 82 % of samples have slight to moderate restrictions
to apply in sprinkler irrigation. For surface irrigation, 68 %
of samples have none and slight to moderate restrictions to
use. Besides, RSC was also calculated to assess the suit-
ability of water for irrigation using the following equation
(Eaton 1950):

RSC = (CO; + HCO3) — (Ca™™*
+ Mg™), units are expressed in meq,/L

Suitability of water for irrigation was classified into
three groups: suitable (<1.25), marginal (1.25-2.5) and not
suitable (>2.5), using RSC. In the study area, 77 % of
samples are suitable for irrigation (RSC < 1.25) and 14 %
of samples are marginal and the remaining is not suitable
for irrigation.

Conclusion

The present study was carried out to assess the sources of
contamination and groundwater quality for domestic and
agricultural activities in the deltaic region of Cauvery River,
Tamil Nadu, India. In this area water requirements for
domestic and agricultural use are largely met by ground-
water abstraction because of lack of surface water due to
non-perennial nature of Cauvery River and frequent failure
of monsoons. Groundwater samples were collected from 44
wells from the study region and analysed for major and
minor ions. Results indicate that groundwater quality is
influenced by saline and surface sources of contamination
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such as improper disposal of wastes, sewage/drainage canals
near the wells, irrigation return flow and application of
synthetic fertilizers and farm manures. Wells in the coastal
region are enriched in sodium, potassium, magnesium,
chloride, sulphate and bromide which indicate effect of
seawater mixing. Spatial and vertical distribution of ions
reveals that coastal as well as shallow wells have high EC,
chloride, nitrate, ammonium and phosphate. Vertical vari-
ations indicate that shallow wells have elevated concentra-
tions of all the ions except alkalinity and fluoride. Fluoride
displays negative correlation with chloride, bromide and
nitrate which imply that fluoride seems to be derived from
aquifer minerals—water interactions followed by phosphate
fertilizers. Integrated suitability map for drinking was cre-
ated based on the concept that if the water sample exceeds
any one of the standards (WHO, BIS) the well water is not fit
for drinking. The map illustrates that 24 wells (55 %) are not
suitable for drinking. Groundwater quality for agricultural
activities was assessed using EC, SAR, RSC, USSL and
FAO methods. Based on EC, 74 % of samples are classified
into medium to high salinity water. According to FAO
method, 84 % of samples are low sodium water and are
applicable for all crops and soils. In general, the water
quality in the study area is affected by surface contamination
sources followed by saline water intrusion in the coastal
region. The study concluded that proper management plan is
necessary to preserve the groundwater resource in the study
region. Further, integrated suitability map prepared in the
study will be useful for future groundwater development and
planning in the study area.
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