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Abstract The hydrochemical characterization of
groundwater is important to bring out its nature and
usefulness. The main objective of this paper was to
discuss the major ion chemistry of groundwater in the
Mambakkam mini watershed. Besides its semi-arid
nature, rapid socioeconomic development encourages
a greater demand for water, which leads to uncontrolled
groundwater development. The groundwater of the
study area is characterized by the dominance of alkaline
earth (Ca2+, Mg2+) and strong acids (Cl−, SO4

−) over
alkalies (Na+, K+) and weak acids (HCO3

−, CO3
−)

during both post-monsoon and pre-monsoon seasons
of the year 2010, based on the hydrochemical facies.
These have been probably derived from natural
chemical weathering of rock minerals, ion exchange
and anthropogenic activities of the fertilizer source.
The classification based on the total hardness reveals
that a majority of groundwater samples fall in the hard
to very hard category during the pre-monsoon
season. Based on the values of EC, SAR and
RSC and the diagrams of USSL and Wilcox, most
of the groundwater samples range from excellent to
permissible for irrigation purposes, with a low

alkalinity and high salinity hazard, except for a
few samples in the study area.
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Introduction

In many parts of India, especially in the arid- and
semi-arid regions, due to the failure of the monsoon
and scarcity of surface water, dependence on the
groundwater resource has increased tremendously in
recent years. Groundwater is a vital source of clean
drinking and irrigation water in many of the world's
semi-arid regions. This is increasingly the case due to
the effects of population growth and climate change,
which are causing severe stress to surface water
supplies in these areas (Edmunds 2003). India sup-
ports more than 16% of the world's population with
only 4% of the world's freshwater resources (Singh
2003). In the last decades, the progressive increase of
water requirements and the consequent scarcity of its
availability, together with its qualitative deterioration,
must certainly be included among the most serious
environmental problems of developing countries.
Spatial and temporal monitoring of groundwater
quality, such as salinity, hardness and other parameters
and identifying their changes, have become impera-
tive for water management and regulation, especially,
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in a rapidly urbanizing environment (Tirumalesh et al.
2010). In view of the growing water scarcity and the
adverse impact of global climate change on water
resources, it is essential that groundwater be used
efficiently, equitably, and in an ecologically sound
manner for both the present and future generations, so
as to ensure the sustainable utilization of this vital
resource (Jha and Chowdhury 2010). Groundwater
quality monitoring and evaluation is one of the most
important aspects in groundwater studies to protect
valuable groundwater sources and management
(Schot and Van der Wal 1992; Al-Futaisi et al. 2007;
Nisi et al. 2008; Ma et al. 2009). Changes in the
groundwater quality are due to rock–water interaction
and oxidation–reduction reactions during the perco-
lation of water through the aquifers (Krishna
Kumar et al. 2009; Prasanna et al. 2010; Aghazadeh
and Mogaddam 2010). Undesirable and soluble
constituents in the water cannot be controlled after
it enters the ground (Johnson 1979; Sastri 1994).
Sami (1992) has explained that leaching of surficial
salts, ion-exchange processes and residential time of
groundwater in the aquifer causes hydrogeochemical
variations in the groundwater. The chemical compo-
sition of groundwater is controlled by several factors
that include composition of precipitation, anthropo-
genic activities, geological structure and mineralogy
of the watershed and aquifers and geological
processes within the aquifer medium (Andre et al.
2005). The hydrochemical study reveals the quality
of water that is suitable for drinking, irrigation and
industrial uses (Hossain et al. 2010; Jalali 2007;
Yesilnacar and Gulluoglu 2008; Ravikumar et al.
2010). Subramani et al. (2005) have studied the
groundwater quality and its suitability for drinking
and agricultural use in the Chittar basin, Tamil Nadu.
They have compared the analytical results with the
recommended limits suggested by the World Health
Organisation (WHO 1971). High total hardness and
TDS indicate the unsuitability of groundwater for
drinking and irrigation purposes. Sadashivaiah et al.
(2008) evaluated the groundwater quality in Tumkur
Taluk, Karnataka. In this case, the methods proposed
by Piper, Wilcox, Todd and USSL classification have
been used to study critically the hydrochemical
characteristics of groundwater.

Chennai is one of the major metropolitan cities in
Tamil Nadu, India which experiences acute water
scarcity due to the absence of perennial rivers. The

Mambakkam mini watershed is situated adjacent to
Chennai. The urban demand for water is increasing, and
the groundwater within the city is not appreciable; the
situation forced the transfer of groundwater from the
urban peripherals in the form of tankers and packaged
bottles.The southern part of Chennai City depends
primarily on the groundwater available in the southern
suburban area (study area) for drinking and domestic
needs. The private water tanker suppliers and packaged
water industries utilize the land and water resources of
the nearby villages. Most of the agricultural wells
in the study area villages act as a source of the
water market, and raw groundwater from the
agricultural wells by the private water suppliers
and treated groundwater by the water industries is
marketed for urban uses (Packialakshmi et al.
2010). Most of the people (agricultural well owners)
in the villages here are involved in the groundwater
marketing; its proximity to the city has induced
severe changes in the land use system, such as
reduction of agricultural land and increased settle-
ments due to urbanization activities (Mahalingam et
al. 2010). Hence, investigating the existing hydro-
geological system and groundwater quality is the
next step towards sustainable management and
development of water resources in the study area.
The present study aims to analyse the hydrogeo-
chemical system, to assess the effects of natural and
anthropogenic activities and increased human popu-
lation on the groundwater. Furthermore, the study
examines the hydrochemical constituents related to
its suitability for domestic and agriculture use in the
Mambakkam mini watershed, Tamil Nadu.

Study area

The Mambakkam mini watershed, Kancheepuram
District of Tamil Nadu, India, is located south of
Chennai City, and lies between the east longitudes
80°04′30″ to 80°15′35″ and the north latitudes
12°47′00″ to 12°56′30″. The aerial extent of the
study area is 224 km2. The study area stretches from
east to west for a width of 18 km from the sea coast
towards the inland, and a length of 16 km along the
north–south (Fig. 1). It comprises three blocks,
namely Kattankulathur, St. Thomas Mount and
Thiruporur of Kancheepuram district, covering 66
revenue villages. It lies on the east coast with plains,
and slightly elevated areas on the west. The
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maximum and minimum elevations of the study area
are between 2 and 10 m in the coastal plain, 10 and
25 m in the central region. The general slope is
towards the east and north eastern direction. In the
northwestern, central western and southwestern
corners, there are hills and reserve forests. The trend
of the coastal line is, more or less, uniform with a
plain topography. There are no major rivers or
system tanks other than some medium and small
tanks, and some of the tanks are well connected and
form a drainage network. Most of the surplus during
the heavy monsoon floods these areas, and finally
goes to the Pallikaranai swamp, stretching from
north to south.

Almost all the drainage flows from west to east,
except certain undulations due to topography, and
finally end in the Bay of Bengal. Generally, a
subtropical maritime monsoon-type climate prevails
over the study area. The maximum temperature varies
between 37°C and 44°C, and the minimum temperature
varies from 18°C to 27°C. The annual rainfall of Tamil
Nadu is 945.70 mm, but whereas the annual normal
rainfall of the study area recorded in six rainfall station,
the average varies from 883 in the year 2003 to a
maximum of 2,133 mm in the year 2005 which is high
when compared to the normal rainfall of Tamil Nadu as
a whole (SG & SWDRC 2005). Though coastal

aquifers of study area constitute an important source
of freshwater supply but are often confronted with the
problem of seawater intrusion. Population growth,
agricultural, industrial and domestic requirements
exploit the available groundwater with decreasing
recharge areas. Regulation of groundwater extraction
is essential to optimize the overdraft, reducing the risk
of seawater intrusion. The study conducted by Sathish
et al. (2009) to evaluate the extent of seawater
intrusion in Chennai, Tamil Nadu indicates that the
extent of seawater intrusion is comparatively higher in
northern part than in southern part due to low
groundwater usage. The act regarding the coastal
regulation zone banned the uncontrolled extraction
especially from the southern aquifer significantly
controls the seawater intrusion in the study area.

Geological setting

The Mambakkam mini watershed consists mainly of
pyroxene granulite, charnockite and coastal alluvium.
Pyroxene granulite and charnockite occupy the
western part of the watershed and the coastal alluvium
occurs in the eastern part of the watershed (Fig. 2). The
coastal alluvium is located between the Neelangarai
and Kovalam tract, and is characterized by sand dunes
and beach sand mainly.

Fig. 1 Map of the study area with sampling locations
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The charockite of the archaen age is the most
widespread rock type of this area. The exposures of
charnockite are found along the western and south-
western periphery of the watershed in the form of low
hills and hillocks. Isolated outcrops of charnockite are
also noted, and several quarries present in the area
and well cuttings reveal the disposition of this rock
type. The charnockite are massive and dark-coloured
rocks devoid of joints and fractures. The mineral
composition of charnockites is basically blue quartz
and plagiociase feldspar with pyroxene. On the
surface, charnockite appears light coloured and
exhibit foliation trend due to weathering.

Coastal alluvium deposits of the quaternary age
occur along the Neelangarai to Kovalam stretch.
These include sand dunes, beach ridges and beach
sands. The alluvium comprises of sand (medium to
coarse grained) silt, clay and broken shell pieces. The
thickness of the coastal alluvium deposits range
between 16 and 22 m along the sea shore.

Material and methods

To assess the groundwater chemistry, a total of 31
groundwater samples were collected from shallow
open wells during the period of January 2010 (post-
monsoon) and May 2010 (pre-monsoon) in the study
area. The samples were collected in 500 ml sterilized

polythene bottles. Then they were sealed and brought
to the laboratory for analysis and stored properly (4°C).
The water samples were analysed at the Wet Chemistry
Laboratory, Centre forWater Resources, AnnaUniversity.
The parameters analysed include major ions of Ca2+ and
Mg2+ by Titrimetry, K+ and Na+ by Flame Photometer,
Cl− and HCO3 by Titrimetry and SO4

− by spectropho-
tometer. The analyses were done, using standard
procedures recommended by the American Public
health Association (APHA 1995). The analytical
precision for the measurements of cations and anions
is indicated by the ionic balance error, which was
computed on the basis of ions expressed in milli-
equivalent per litre. The values were observed to be
within a standard limit of 5%. The lithology data
collected from the Groundwater Resources Data
Center (SG & SWDRC 2000), and primary field
survey are used for an analysis of the hydrogeology
of the aquifer.

Result and discussion

Hydrogeology

The lithological profile is presented for the selected
location of hard rock, as well as coastal formation in
Fig. 3, to understand the hydrogeological character-
istics of the formation. The lithological profile is

Fig. 2 Geological map
of the study area
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developed using the secondary data of lithological
information and the primary field survey. Lithological
profiles GP1 and GP3 are located in the coastal
formation, whereas GP2, GP4, GP5 and GP6 are
located in the hard rock formation. The rocks referred
to as crystallines from a groundwater point of view in
the investigated area, have negligible primary poros-
ity. But, secondary porosity is generated by the
processes of weathering and fracturing, leading to
the development of aquifers. The clay materials
reduce the hydraulic conductivity to some extent.
The top soil/sand is in the range of 1–17 m and the
weathered zone/fractured zone is in the range of 5–
26 m with low (0.2 m/day) and high (50 m/day)
hydraulic conductivity. The weathered rock at GP5 is
at the 0–5 m, as it is located in the western hilly
terrain of the study area. The depth of the sandy
aquifer located in the coastal formation varies in the
range of 13–17 m, and the massive/hard rock zone
(zero hydraulic conductivity) lies between 17 and
30 m from the ground surface. The utilisation of
groundwater in the area is through dug wells (circular
and rectangular types) and bore wells.

Groundwater occurs in the weathered zone under
water table conditions, whereas under semi-confined
to confined conditions, it occurs in the fractured zone,
as is observed elsewhere in the crystalline terrain
(Subba Rao 1992). The depth of the water table in the
pre-monsoon (May) is 5–14 m below ground level
(b.g.l.), and it is 0–6 m b.g.l. in the post-monsoon
(January), indicating a fluctuation of 5–8 m and also a
significant change in the annual groundwater storage.
Generally, the movement of the groundwater flow is
in the direction of the ground slope. The hydro-
chemical constituent and quality of groundwater
depends majorly on the geological profile of the
aquifer medium. When the water level touches the
weathered zone, it becomes brackish, whereas when
the water level approaches the fractured zone, it is
nearly fresh in general. Due to the low hydraulic
conductivity, the water is in longer contact in the
weathered zone, which aids the active dissolution of
minerals and the promotion of ion exchange among
the elements present in the soils and among the
elements present in the circulating water during the
weathering process (Hem 1991).

Fig. 3 Lithological profile
of the selected locations in
the study area
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A long, dry climate with a low rainfall and high
evapotranspiration causes a low freshwater exchange
and the enrichment of salts in the groundwater of the
weathered zone; in addition, the active dissolution and
high anthropogenic activity in the area results in
highly brackish water (Subba Rao 2002, 2003). In
contrast, at the fractured zone, the conditions favour
the retention of freshwater or low brackish water.
Therefore, the changes in the state of the water levels
can explain the variation in the quality of the
groundwater, according to the differences in the
hydrogeological environment in which the water level

exists as well as the influence of artificial sources on
the aquifer system.

Groundwater chemistry

The maximum and minimum concentrations of major
ions present in the groundwater from the study area
are presented in Table 1. Ionic concentrations were
plotted in a Piper–Hill diagram (Piper 1944) to infer
the hydrogeochemical facies (Figs. 4 and 5). These
plots include two triangles: one for plotting the anions
and the other for plotting the cations. The cation and

Table 1 Chemical summary of groundwater in the study area

Post-monsoon (Jan 2010) Pre-monsoon (May 2010)

Max (N=31) Min Average Max (N=31) Min Average

General parameters EC (μs/cm) 2,415.83 412.75 1,199.04 3,322.03 650.82 1,785.47

pH 8.31 6.3 7.34 9.89 6.1 7.71

TDS (mg/L) 1,449.5 247.65 719.33 1,960 397 1,080.76

Major cations Ca++ (mg/L) 198 20 87.25 194 42 106.58

Mg++(mg/L) 118.99 10.82 37.71 85.34 4.81 41.89

Na+(mg/L) 195.6 14 96.5 289 36 113.11

K+(mg/L) 96 1.8 23.25 42 1.7 10.38

Major anions HCO3
− (mg/L) 596.3 85 302.05 350.3 91.5 207.93

SO4
2− (mg/L) 263.5 36 104.5 792 88 347.42

Cl− (mg/L) 499.85 29.99 189.81 239.8 39.99 117.65

A – Calcium type 
B – No Dominant type 
C – Magnesium type 
D – Sodum and Potassium type
E – Bicarbonate type 
F – Sulphate type 
G – Chloride type 

Fig. 4 Classification
diagram for anion and
cation facies

3298 Environ Monit Assess (2012) 184:3293–3306



anion fields are combined to show a single point in a
diamond-shaped field, from which inference is drawn
on the basis of the hydrogeochemical facies concept.
These tri-linear diagrams are useful in bringing out
the chemical relationships among the groundwater
samples in more definite terms rather than with other
possible plotting methods.

These diagrams reveal the analogies, dissimilarities
and different types of waters in the study area, which
are identified and listed in Table 2. The concept of

hydrochemical facies was developed in order to
understand and identify the water composition in
different classes. It clearly explains the variations or
domination of cation and anion concentrations during
the pre-monsoon and post-monsoon. Groundwater
hydrochemistry is primarily controlled by water–rock
interaction and anthropogenic pollution (Byoung-Young
et al. 2005). The Ca–Mg type of water predominated
during post-monsoon and pre-monsoon. The percent-
age of samples falling under the Ca–Mg type (alkaline

Fig. 5 Post- and pre-monsoon groundwater samples in Piper diagram

Table 2 Characterization of groundwater on the basis of Piper diagram

Subdivision of the diamond Characteristics of corresponding subdivisions of diamond-shaped fields Percentage of samples in the
category

Post-monsoon Pre-monsoon

1 Alkaline earth (Ca+Mg) exceed alkalies (Na+K) 93 81

2 Alkalies exceed alkaline earths 7 19

3 Weak acids (CO3+HCO3) exceed strong acids (SO4+Cl) 19 3

4 Strong acids exceed weak acids 81 97

5 Magnesium bicarbonate type 19 3

6 Calcium chloride type Nil 10

7 Sodium chloride type 7 19

8 Sodium bicarbonate type Nil Nil

9 Mixed type (no cation–anion exceed 50%) 74 68
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earth exceeded alkalies) was 93% during the post-
monsoon season. A similar type of water predominated
during the pre-monsoon also in 81% of the water
samples. The SO4+Cl type of water (strong acids
exceeded than weak acids) predominated during the
post-monsoon in 81% and during the pre-monsoon in
97%. This type of water causes salinity problems, and
the factor of dilution reduces the salinity to some
extent. Increased chloride concentration in the post-
monsoon season may be due to the process of the
removal of other ions from the system, either by
precipitation or by adsorption (Chidambaram et al.
2008). In the study area, the major groundwater type is
a mixed category (no one cation–anion pair exceeds
50%) during the pre-monsoon in 74% and the post-
monsoon in 68%. During the post- and pre-monsoon,
Ca is the major cation (Ca>Na>Mg) because of the
dominance of alkaline earth over alkalies. Increased Na
concentration and decreased Ca and Mg concentration
when compared with the post-monsoon values with
pre-monsoon can be explained by the probability of
the loss of Ca and Mg and gain of Na+ by the
cation exchange process. HCO3and Cl are the
major anions during the post-monsoon (HCO3>Cl
>SO4), whereas in the pre-monsoon, SO4 is the
major anion (SO4>Cl>HCO3). HCO3 and Na
concentrations come mainly from the weathering
of alkali earth from rocks related to the recharge
areas (Prasanna et al. 2010). Calcium and magne-
sium ions that combine with bicarbonates and the
small amounts of carbonates in the groundwater
cause the water to be temporarily hard (Anku et al.
2009). The various combinations of Ca–Mg–Na with
HCO3-water types identified in this study, put the

groundwater in the carbonate hardness category, and
this can be removed by boiling. Calcium and
magnesium are the dominant cations present in the
groundwater followed by sodium, in the study area.
The carbonates are also present in a considerable
amount, whereas in the post-monsoon, sulphates and
chlorides are dominant in the groundwater. The
available carbonates and sulphates in the rocks might
have been dissolved and added to the groundwater
system during irrigation, rainfall infiltration and
groundwater movement (Sunne et al. 2005). During
the post-monsoon, most of the samples fall in the no
dominant/mixed type, whereas during the pre-monsoon,
some of the samples fall in the sulphate type of water
(Figs. 4 and 5). There are no major significant changes
in the hydrochemical facies during the study period
(pre- and post-monsoon). This indicates the dominance
of mineral constituents and rock weathering, in
addition to recharge activities by precipitation, and
induced anthropogenic activities, such as application of
fertilizers, uncontrolled groundwater development that
influences the groundwater chemistry.

Table 3 Quality of groundwater with WHO standards for drinking purposes

Parameters WHO (1971, 1983) Post-monsoon
(Jan 2010)

Pre-monsoon (2010) Undesirable effects

Most desirable limit Max. allow. limit Wells exceed MAL Wells exceed MAL

TDS 500 1,500 15 2–4, 9, 15, 16, 18, 22 Gastrointestinal irritation

Ca 75 200 Nil Nil Scale formation

Mg 50 150 Nil Nil Scale formation

Na – 200 Nil Nil

Cl 200 600 Nil Nil Salty taste and indicate pollution

SO4 200 400 Nil 1–3, 9, 15, 16, 20–22 Laxative effect on human system

TH 100 500 1–3, 8, 9, 15, 16 4–7, 10–14, 17–31 Scale formation

Table 4 Classification of groundwater based on hardness

TH Water class Percentage of
samples in
the category
(post-monsoon)

Percentage of
samples in
the category
(pre-monsoon)

<75 Soft Nil Nil

75–150 Moderately hard 23 Nil

150–300 Hard 23 29

>300 Very hard 54 71
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Drinking water quality

The physical and chemical parameters of the analytical
results of groundwater were compared with the standard
guideline values recommended by the World Health
Organisation (WHO 1971, 1983) for drinking and
public health purposes. Table 3 shows the maximum
desirable and most allowable limits for various
parameters. The concentrations of ions such as Na+,
Ca 2+, Mg2+ and Cl− are within the maximum
allowable limits for drinking standards during pre-
and post-monsoons. Calcium and magnesium ions
present in the groundwater are particularly derived
from the leaching of limestone, dolomites, gypsum and
anhydrites, whereas the calcium ions are also derived
from the cation exchange process (Garrels 1976). To
ascertain the suitability of the groundwater for any
purpose, it is essential to classify the groundwater
depending upon its hydrochemical properties based on
the total dissolved solids (TDS) values (Freeze and
Cherry 1979). The value of TDS ranges from 247 to
1,500 mg/L and 397 to 1,960 mg/L during post- and pre-
monsoons, respectively. The value of TDS inmost of the
groundwater samples is within the maximum allowable
limit as per the standard, except eight samples during the
pre-monsoon and one sample during the post-monsoon
period. The possible source of sodium concentration in
the groundwater is due to the dissolution of rock salts
and weathering of sodium-bearing minerals.

The chloride concentration ranges from 30 to
500 mg/L and 40 to 240 mg/L with a mean value of
190 and 118 mg/L during post- and pre-monsoons,
respectively. High chloride content has a deleterious
effect on metallic pipes, structures and agricultural
crops. Natural processes such as weathering, dissolu-
tion of salt deposits and irrigation drainage return
flow are responsible for the chloride content in the
groundwater, which is supported by the Cl/HCO3
ratio of 1:3.0 (Lusczynski and Swarzenski 1996).
Though the chloride concentration in the groundwater
exceeds the desirable limit of standards, the values are
within the allowable limits during both the seasons
(Table 3). The concentrations of sulphate vary from
36 to 264 mg/L, with a mean value of 104.5 mg/L and
88 to 792 mg/L, with a mean value of 347 mg/L
during post- and pre-monsoons, respectively. Sulphate
ion concentrations are probably derived from the
weathering of sulphate and gypsum-bearing sedimentary
rocks (Elango et al. 2003; Jeevanandam et al. 2006).
The sulphate ion concentration is higher in a majority
of the samples when compared with standards during
the pre-monsoon periods. Six samples collected during
the post-monsoon and five samples collected during the
pre-monsoon exceed the maximum allowable limits.
The classification of the groundwater based on total
hardness (TH) shows that 77% of the groundwater
samples fall in the hard and very hard water category
during the post-monsoon, and all the samples fall under

Table 5 Classification of groundwater based on RSC

RSC Remark on quality Post-monsoon Total no. of wells Pre-monsoon Total no. of wells

<1.25 Good All wells except well no.25 30 All wells 31

1.25–2.5 Doubtful Nil Nil Nil Nil

>2.5 Unsuitable Well no. 25 1 Nil Nil

Table 6 Classification of groundwater based on sodium percent

%Na Water class Post-monsoon Total no. of wells Pre-monsoon Total no. of wells

<20 Excellent Nil Nil 1–3, 6, 7, 10, 13, 14 8

20–40 Good 1–5, 8, 9, 12–17, 19, 23,
26–28

18 4, 5, 8, 9, 11, 12, 15–19, 21, 22,
25, 27

15

40–60 Permissible 20–22, 25, 29–31 12 20, 23, 24, 26, 28, 30, 31 7

60–80 Doubtful 24 1 29 1

>80 Unsuitable Nil Nil Nil Nil
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the hard and very hard water category during the pre-
monsoon season (Table 4).

Irrigation water quality

The quality of groundwater is evaluated using residual
sodium carbonate (RSC), EC, sodium absorption ratio
(SAR) and %Na, and the results show that about 90% of
the groundwater samples are found to be good for
irrigation during both the pre- and post-monsoon
periods. The classification of groundwater samples
with respect to RSC is shown in Table 5. The RSC
indicates the excess sum of carbonate and bicar-
bonate in the groundwater over the sum of calcium
and magnesium.

RSC ¼ ðHCO�
3 þ CO�

3Þ � Ca2þ þMg2þ
� �

where the concentrations are reported in milliequi-
valent per litre.

Based on the RSC values, all the samples fall in the
class of excellent except one sample of the post-
monsoon period. The classification of the groundwater
samples with respect to %Na is shown in Table 6. The
sodium percentage is calculated (Na%) using the
formula given below.

Na% ¼ Naþ þ Kþð Þ
� 100= Ca2þ þMg2þ þ Naþ þ Kþ� �

;

where all the concentrations are expressed in milli-
equivalent per litre.

The Na% indicates that 97% of samples fall in the
field of good to permissible during both pre- and post-
monsoons. High concentrations of sodium in irriga-
tion tend to be absorbed by clay particles, displacing
Ca2+ and Mg2+ ions, and this exchange process
reduces the permeability, which leads to poor internal
drainage (Saleh et al. 1999; Subramani et al. 2005). A

Fig. 6 Percent Na and electrical conductivity plot for post- and pre-monsoon samples (Wilcox 1948)

SAR Water class Post-monsoon Total no. of wells Pre-monsoon Total no. of wells

<10 Excellent All wells 31 All wells 31

10–18 Good Nil Nil Nil Nil

18–26 Doubtful Nil Nil Nil Nil

>26 Unsuitable Nil Nil Nil Nil

Table 7 Classification
of groundwater based
on SAR
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perusal of Wilcox's diagram (Wilcox 1955) with the
values of the percentage of sodium and electrical
conductivity shows that 93% of samples are excellent
to good and good to permissible during the post-
monsoon (Fig. 6), whereas in the pre-monsoon, only
61% of the samples fall under the excellent to good
and good to permissible type. SAR is an important
parameter for determining the suitability of the
groundwater for irrigation, because it is a measure
of the alkali/sodium hazard to crops (Table 7). During
the pre- and post-monsoons, the SAR value of all the
samples is found to be less than 10, and is classified
as excellent for irrigation. It implies that there is no

alkali hazard to the crops. The classification of water
for irrigation can be determined by graphically
plotting the values of electrical conductivity and
SAR on the US salinity diagram (USSL). About
98% of the samples grouped within C2S1–C3S1
during the post-monsoon and C3S1–C4S1 during
the pre-monsoon indicate medium to high salinity/
low sodium, and high to very high salinity/low
sodium type, respectively (Fig. 7).

Twenty-nine percent of the samples fall in the field
of C4S1 during the pre-monsoon, indicating a high
salinity and low alkalinity hazard. This water will be
suitable for plants having good salt tolerance, but it

Fig. 7 USSL diagram for classification of irrigation water for post- and pre-monsoon samples

Table 8 Classification of groundwater based on EC

EC (μS/cm) Water class Post-monsoon Total no. of wells Pre-monsoon Total no. of wells

<250 Excellent Nil Nil Nil Nil

250–750 Good 11–13, 17, 19, 23, 27, 28 8 5, 28 2

750–2,000 Permissible 1–8, 10, 14, 16, 18, 20–22,
24–26, 29–31

21 1, 6–8, 10–14, 17, 19, 24,
26, 27, 29–31

17

2,000–3,000 Doubtful 9, 15 2 3, 9, 16, 18, 20, 21, 23, 25 8

>3,000 Unsuitable Nil Nil 2, 4, 15, 22 4
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restricts its suitability for irrigation, especially in soils
with limited drainage. The classification of ground-
water based on the salinity hazard is presented in
Table 8. Based on the EC value (salinity hazard), only
four samples are found to be unsuitable during the
pre-monsoon.

Conclusion

The hydrochemical analysis of the study reveals that
the groundwater in the Mambakkam mini watershed
is hard to very hard, fresh to brackish and of an
alkaline nature. The results of the Piper–Hill diagram
for the post- and pre-monsoon seasons demonstrates
an inverse relationship between the water level and
the concentration of ions, i.e. an increase in the
chemical composition of the water with a decrease in
the water level. The percentage of samples falling
under the Ca–Mg type (alkaline earth exceeded than
alkalies) was 93% during the post-monsoon season. A
similar type of water predominated during the pre-
monsoon also, with 81% of the water samples. The
major groundwater type is a mixed category (Non one
cation anion pair exceeds 50%) during the pre-
monsoon in 74% and the post-monsoon in 68%. The
value of TDS, TH and sulphate ion concentration is
higher in majority of the samples when compared
with the WHO standard during the pre-monsoon
periods. The value of Ca, Mg, Na and Cl ion
concentration is within the limits in majority of the
samples during both the seasons. The excess amount
of total dissolved solids in the groundwater is due to
anthropogenic factors and geological characteristics
of the aquifer. Chloride and sulphate concentration in
groundwater is due to weathering, dissolution of rock
formations and irrigation drainage return flow. The
suitability of water for irrigation is evaluated based on
SAR, %Na, RSC and salinity hazards. Most of the
samples in the Mambakkam mini watershed fall in the
suitable range for irrigation purpose, either from the
SAR, %Na or RSC values. About 90% of the samples
are grouped under the C3S1 class in both the pre- and
post-monsoon seasons (Figs. 6 and 7). A few samples
fall in the C2S1 and C4S1 classes during the post-
monsoon and pre-monsoon, respectively. The study
concludes that the lowering of the groundwater level
would accelerate the dissolved mineral constituents
and deteriorate the water quality depending on the

increase in the groundwater demand. The ground-
water exploitation and management should be
carried out carefully by taking the groundwater
level–quality control measurements into consider-
ation. The geographical distribution of the hydro-
chemical facies is an important parameter in
determining new policies and management options
for the resource. Such a result is of significant
value in introducing solutions in the qualitative and
quantitative management of the aquifer.
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