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HYDROGEOLOGY

Ground water samples collected at different locations in and around the Nagapattinam district were 
analyzed for their physicochemical characteristics. The ground water samples were collected from fifty 
two dug and deep wells during the monsoon and summer seasons in June and December, 2011. The 
present investigation is focused on the determination of physico-chemical parameters such as pH, EC, 
TDS, Ca, Mg, Na, K, HCO3, SO4 and Cl. Ground water suitability for drinking, domestic and agri-
cultural purposes was examined by using WHO standards. Correlation, factor and cluster analyses were 
applied to classify the ground water qualities and to categorize the geochemical processes controlling 
ground water geochemistry. Factor analysis indicates that seawater intrusion and agriculture runoff are 
dominant factors controlling the hydrogeochemistry of ground water in the study area. Cluster analysis 
was helpful for the classification on the basis of contamination characteristics of ground water quality. 
This study also elucidates that multivariate statistical analyses can be used to improve the understanding 
of ground water status and assessment of ground water quality.

En este estudio se analizan las características fisicoquímicas de muestras de aguas subterráneas tomadas 
en diferentes locaciones en y alrededor del distrito de Nagapattinam. Las muestras se recolectaron en 52 
pozos cavados y perforaciones profundas durante las subestaciones del monzón y el verano, en los meses 
de junio y diciembre (2011). La presente investigación está enfocada en la determinación de parametros 
fisicoquímicos como pH, EC, TDS, Ca, Mg, Na, K, HCO3, SO4 y Cl. Se examinó la pertinencia de 
estas aguas para consumo y para irrigación a la luz de los estándares de la Organización Mundial de la 
Salud. Se aplicaron análisis de correlación, factores y cúmulos para clasificar las muestras y categorizar los 
procesos geoquímicos que controlan las aguas subterráneas. El análisis de factores indica que la intrusión 
del agua marina y los vertidos de la agricultura son los principales agentes que intervienen la hidroquí-
mica de las aguas subterráneas en el área de estudio. El análisis de cúmulos ayudó a la clasificación de las 
bases de contaminación características de las aguas subterráneas. Este estudio, además, dilucida que los 
estudios estadísticos multivariantes pueden ser utilizados para mejorar el conocimiento y la evaluación 
de la calidad de las aguas subterráneas.
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Introduction

One of the most severe problems concerning ground water quality 
is the rapid salinization of water resources. The increase in ground water 
salinity, particularly in coastal areas, may be due to the inflow of natu-
ral saline water, such as sea water intrusion, dissolution of soluble salts 
in the unsaturated zone, and saline water naturally derived from adjacent 
aquifers (Vengosh and Rosenthal, 1994, Vengosh et al., 1999, Maslia and 

Prowell, 1990, Jones et al., 1999, Rosenthal et al., 1992, Glynn and Plum-
mer 2005, Cloutier et al., 2008, Brinda and Elango, 2011). Anthropoge-
nic contamination is another major cause of salinization and water-quality 
degradation. Ground water irrigation causes salts recycling and accumula-
tion in aquifers. The salts are accumulated in the soil and flushed through 
the unsaturated zone to the aquifer. Moreover, irrigation with wastewater, 
which is generally more saline than regional ground water, increases the sa-
linization rate of shallow ground water. This problem is more conspicuous 
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in arid and semi-arid zones, where potable water is replaced by wastewater 
for irrigation in order to save the depleting water resources. Ground water 
salinization and degradation is usually observed through the sampling of 
pumping wells. In these wells, the screens are located in the deeper parts 
of the aquifer, far below the water table. In the light of this fact, one of the 
management strategies for ground water resources especially in the coastal 
belt is to ensure that ground water extraction does not lead to the intrusion 
of saline seawater into the aquifers. However, due to the relatively low 
elevations in the area and the lack of strict regulation, ground water salini-
zation continues to be a problem in some of the coastal areas. On the other 
hand, this resource is the only source of water for agricultural activities 
in view of the erratic nature of rainfalls in recent times. The high salinity 
of ground water and the heavy reliance on ground water for irrigation 

necessitate the overall assessment of ground water quality for irrigation 
purposes. (Hussein, 2004, Ramkumar et al. 2011, Anithamary et al. 2012, 
Venkatramanan et al. 2012, Gnanachandrasamy et al. 2012). Thus, the 
suitability of ground water for irrigation and drinking purposes thus had to 
determined based on the presence of major ions in the ground water of this 
coastal region. This study proposes using multivariate statistical analysis to 
identify a correlation between fresh and saline water incursion.

Description of the study area

The study area is located in east coast of India, and its stretches bet-
ween Coleroon in the north and Kodikarai in the south (Fig. 1). The dis-
trict has a coastline stretching of about 190 km. The Nagapattinam district 

Water quality parameters in mg/l WHO Standard (1993) Monsoon season Summer season

pH 6.5-8.5 7.4-8.2 7.2-7.8

Electrical conductivity (μS/cm) (EC) - 846.8-2476.3 987.6-2576.6

Total dissolved solidsc(TDS) 500-1500 912-1875 846-1973

Calcium (Ca) 200 32-312 28-322

Magnesium (Mg) 150 35.4-318 38.5-321

Sodium (Na) 200 109.3-358.6 118.8-375.1

Potassium (K) - 14.3-312.4 18.9-324.9

Bicarbonate (HCO3) - 97.3-326.2 107.5-324.9

Sulphate(SO4) 250 52.7-378.2 58.6-398.6

Chloride(Cl) 250-600 354.8-821.9 355.4-845.2

Table. 1. Physico-chemical parameters of ground water in the study area

Table. 2. Correlation Coefficients of ground water chemical components in monsoon and summer seasons

Monsoon pH EC TDS Ca Mg Na K HCO3 SO4 Cl
pH 1.00
EC -0.01 1.00
TDS -0.05 0.84 1.00
Ca -0.13 0.18 0.26 1.00
Mg 0.13 -0.20 -0.28 0.06 1.00
Na -0.03 0.74 0.68 0.14 0.17 1.00
K -0.14 0.00 -0.04 -0.10 0.24 -0.15 1.00
HCO3 0.10 -0.15 -0.07 0.13 0.10 0.70 -0.15 1.00
SO4 0.36 0.54 0.64 -0.12 0.45 0.70 -0.27 -0.03 1.00
Cl -0.15 0.76 0.84 -0.37 0.16 0.76 0.12 0.11 0.34 1.00
Summer
pH 1.00
EC -0.12 1.00
TDS -0.13 0.94 1.00
Ca 0.18 0.17 0.24 1.00
Mg 0.13 -0.21 -0.18 0.07 1.00
Na 0.29 -0.07 0.84 0.11 0.18 1.00
K -0.27 -0.02 -0.03 -0.11 0.25 -0.13 1.00
HCO3 0.24 -0.14 -0.14 0.13 0.07 0.70 -0.16 1.00
SO4 0.31 0.65 0.72 -0.11 0.45 0.78 -0.27 -0.03 1.00
Cl -0.11 0.88 0.95 -0.37 0.12 0.82 0.14 0.06 0.68 1.00
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Physico-chemical Parameters
Monsoon season Summer season
Factor 1 Factor-2 Communality Factor 1 Factor-2 Communality

pH 0.193 0.096 0.343 0.140 0.629 0.284
Electrical conductivity (μS/cm) (EC) -0.772 -0.083 0.759 -0.854 -0.090 0.900
Total dissolved solids (TDS) -0.807 -0.018 0.776 -0.840 -0.074 0.902
Calcium (Ca) -0.479 0.345 0.289 -0.438 0.441 0.293
Magnesium (Mg) 0.514 0.200 0.525 0.450 0.152 0.464
Sodium (Na) 0.040 0.879 0.540 0.062 0.780 0.558
Potassium (K) 0.105 -0.344 0.406 0.113 -0.441 0.388
Bicarbonate (HCO3) 0.062 0.878 0.552 0.113 0.771 0.517
Sulphate (SO4) 0.532 0.092 0.652 0.469 0.140 0.574
Chlordie (Cl) 0.536 0.054 0.469 0.480 -0.163 0.386
Eigenvalues 2.41 1.801 - 2.417 24.179 -
Total % of variance 24.152 18.011 - 1.982 19.826 -
Cumulative % of variance 24.152 42.16 -  24.17 44.00 -

Table. 3. Varimax rotated factor loadings in monsoon and summer seasons

mainly comprises of the Quaternary sediments, which increases towards 
the southern part of Coleroon River. These sediments have been delineated 
as alluvial plain deposits of the Cauvery River and its tributaries, narrow 
fluvio-marine deltaic plain deposits and marine coastal plain deposits (east 
coast formation). The fluvial deposits comprise of flood plain, flood basin, 
point bar, channel bar and palaeo channels with admixtures of sand, silt 
and clay. The deltaic plain includes palaeo tidal flats with clays, and sands 
and sand ridges or gray brown sand. The marine coastal plains include 
beach, tidal flats, salt marsh, mangrove swamps, and deposits of sand and 
clay. The Cretaceous Formations of the coastal track of the Cauvery Ba-
sin consist of faunal, rich marine sedimentary rocks, such as limestones, 
sandstones, clays and sandy beds, etc. The mouth of the river comprises of 
alluvial deposits including clays and silts. 

Ground water occurs in these formations and is extracted by filter 
point wells, tube wells, shallow boreholes and infiltration wells, especially 
from the sandy aquifers. The Pliocene and Quaternary shallow aquifers 
consists of sand, gravel and clay. The aquifer is more clayey towards the east 
and south eastern part of the district, except the coastal stretch of beach 
sands. The depth to shallow aquifers varies between 3 m and 35 m, whereas 
the depth to deep aquifers ranges from 80 m to 100 m. The average annual 
rainfall in the monsoon season is about 451.48 mm, whereas during that 
of summer, rainfall averages is about 43.12 mm. 

Method of study

Fifty two ground water samples were collected from different water 
sources such as dug and bore wells in June and December, 2011, using 
high-density polythene containers. The water samples were analyzed for 
major physico-chemical parameters adopting standard procedures (APHA 
1995). pH was measured by a pH pen (eco Tester pH) and electrical con-
ductivity (EC), total dissolved solids (TDS), Ca, Na, Mg, K, HCO3, Cl, 
and SO4 were measured using a multi-parameter ion analyzer (Hanna, 
HI83099). All concentrations are expressed in milligrams per litre (mg/l), 
except pH and EC. Multivariate statistical analyses were performed to find 
out determine the relationship between ground water parameters using 
Statistica Software (ver.8). The results were evaluated in accordance with 
the norms prescribed under ‘WHO’ (World Health Organization, 1993) 
(Table 2).

Results and Discussion

Summary of ground water analysis

The water quality analysis of different ground water samples were 
carried out to determine different physicochemical parameters such as 
for pH, EC, TDS, Ca, Mg, Na, K, HCO3, SO4, and Cl; and the results 
are presented in Table 1 and Figure 2. pH value of ground water samples 
between 7.4-8.2 and 7.2-7.8 during the monsoon and summer seasons, 
respectively. Ground water is a little alkaline, but the quality is within the 
limiting value of the drinking water standard. The general increase of pH 
in a sedimentary terrain is related to weathering of plagioclase feldspar in 
sediments. This is aided by dissolved atmospheric carbon dioxide resulting 
in the release of sodium and calcium, which progressively increases pH 
and alkalinity of the ground water. EC varied to 846.8-2476.3 and 987.6-
2576.6 µS/cm, and TDS changed to 912-1875 mg/l and 846-1973 mg/l 
during monsoon and summer seasons, respectively. EC and TDS exceed 
WHO (1993) permissible limits. The summer season recorded high levels 
of EC and TDS compared to the monsoon season. The reasons are the in-
trusion of residual solids into the aquifer, the movement of water through 
sediments containing higher soluble mineral matter, and the influx of 
industrial and municipal wastes with incursion of seawater. The calcium 
and magnesium concentrations are generally derived from the leaching of 
limestone, dolomites, gypsum and anhydrites (Garrels 1976, Ramkumar 
et al. 2010, Anithamary et al. 2012). Calcium and magnesium ranged 
between 32-312 mg/l and 28-322 mg/l, respectively during the monsoon 
sub season, and 35.4-318 mg/l and 38.5-321 mg/l, respectively during the 
summer season. Most of the ground water samples exceed WHO (1993) 
permissible limits in Ca and Mg. The increased concentration in Ca and 
Mg in ground water samples is due to the leaching of limestone, dolomi-
tes, gypsum and anhydrites (Aiuppa et al., 2003, Banaszuk et al., 2005, 
Samsudin et al., 2008). The ionic concentration ranged between 109.3-
358.6 mg/l and 118.8-375.1 mg/l for sodium, and 354.8-821.9 mg/l and 
between 355.4-845.2 mg/l for chloride, respectively. Thus, sodium might 
have been derived from the dissolution of evaporated minerals and its sub-
sequent mixing with ground water. The higher Na and Cl concentration 
ground water in the coastal region is attributed to the influence of seawater 
on the coastal aquifer, which was highly visible during the summer due to 
a decline in water table (Einsiedl 2012, Kouzana et al. 2010, Yidana, and 
Yidana, 2009). Ionic concentrations were 14.3-312.4 mg/l for potassium, 
and 18.9-324.9 mg/l for bicarbonate, and 97.3-326.2 mg/l for sulphate 
during the monsoon season; and 107.5-324.9 mg/l for potassium, 52.7-
378.2 mg/l for bicarbonate, and 58.6-398.6 mg/l for sulphate during the 
summer season, respectively. The large portion of potassium is due to the 
intrusion of saline water as well as the fertilizers of agricultural activity.

A multivariate statistical approaches on physicochemical characteristics of ground water in and around Nagapattinam district, Cauvery deltaic region of Tamil Nadu, India
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In this study, it was observed that Na, K, Ca, and Mg were higher 
in summer than in monsoon season. Na and Mg were lower, but K and 
Ca were higher during monsoon. It indicates that the seasonal variation 
of cation concentrations was very conspicuous in this environment. The 
relative abundance of sodium and magnesium during the summer revea-
led the influence of monsoon rainwater on the ground water. It led to an 
increase in these elements from irrigation runoff, thereby increasing their 
concentration in the ground water during summer season. The weathering 
of plagioclase feldspar and the nature of dissolved atmospheric carbon dio-
xide releases sodium and calcium, which progressively increases the sodium 
and calcium concentrations. Chloride and sulfate were dominated during 

summer season, but chloride showed more variations than sulfate during 
two seasons. It is resulted from agricultural activity and seawater incursion 
in the shallow aquifer system.

Correlation between variables

The correlations between major cations and anions were carried out 
using Pearson’s correlation. A correlation analysis is a bivariate method 
applied to describe the degree of relation between hydrochemical para-
meters. Associated the variable representing with correlation coefficient is 
r, and the multiple correlations, which is the percentage of variance in 

Fig.1. Location map of the study area
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the dependent variable, is explained collectively by all of the independent 
variables. The results of the correlation analysis are considered in the sub-
sequent interpretation section. A high correlation coefficient (near 1 or -1) 
means implies a good strong relationship between the two variables, and 
a correlation coefficient around of approximately zero means implies that 
there is no relationship between them two variables, at a significance level 
of, 0.05. More precisely, it can be said that parameters showing r > 0.7 are 
considered to be strongly correlated, whereas when r has a value between 
0.5 and 0.7, a moderate correlation is shown is said to exist (Kim et al. 
2002; Helena et al. 2000, Shammas and Jacks, 2007). Positive values of r 
indicate a positive relationship, while negative values indicate an inverse re-
lationship. The correlation coefficients of the studied parameters are shown 
in Table 2. In the present study, EC and TDS are strongly correlated with 
Na, Cl and SO4 during the monsoon, and similar type of result was ob-
served during summer. They thus indicate seawater incursion and leaching 
of secondary salts. The lower concentration of calcium compared with so-
dium and chloride is a result of the cation exchange process that occurs 
naturally when seawater is introduced into the freshwater aquifer system 
(Appelo and Postma 2005, Zeng and Rasmussen, 2005, Venkatramana et 
al., 2009). Furthermore, during the summer season, sodium is positively 
correlated with Cl, EC, and TDS, indicating seawater incursion due to 
continuous pumping activities in the study area. The Ca shows significant 
correlation with EC and TDS and good correlation was noted in HCO3. 
The Na was strongly correlated with Cl, clearly indicating that the seawater 
incursion plays a vital role in this present study (Ramkumar et al., 2011 
and Anithamary et al 2012).

Varimax rotation factor analysis

Factor analysis is a frequent common statistical technique employed 
in hydrochemical studies (Subbarao et al., 1996, Adami et al., 1997, Da-
vis, 1986). The main goals of factor analysis are: (1) to reduce the num-
ber of ‘variables’and (2) to detect structure in the relationships between 
‘variables’(analytical parameters) and/or ‘cases’(sampling points in our stu-
dy). The mathematical base of factor analysis and a review of the chemical 
aspects can be found in Mermet et al, (1998). Currently, the calculations 
of factor analysis calculations and their graphical results performed using 
by Davis (1986). 

Consequently during the summer season, the first factor accounts for 
24.17% whereas the second factor accounts for 44.00% (Table 3). Factors 
1 and 2 show a good strong relationship with EC, TDS, HCO3, Na, Cl 
and Mg, which is indicative of seawater incursion and agricultural runoff 
incursions in the study area. The concentration of Na and Cl can be ascri-
bed to the incursion of seawater into the aquifer systems. Furthermore, du-
ring the monsoon season, the first factor accounts for 24.15% and second 
factor accounts for 42.16%. The factor analyses performed in this study 
has clearly indicated that seawater incursion into the coastal aquifer as is 

the primary source of ground water pollution, the similar observations was 
made by Venkatramanan et al. (2012).

Cluster analysis

Cluster analysis is used for grouping the cases based on the similarity 
of the responses to several variables. On the basis of the connecting distan-
ces between parameters and their positions on the dendrogram, distinctive 
clusters of the variables were defined for each of three locations along the 
basin. Though this procedure is subjective, the distinction between clusters 
in this analysis is quite clear from the dendrogram. Cluster analysis is a 
useful method for combining ground water wells into homogenous groups 
according to their water quality. In this study, three types of clustering 
nature was observed during the monsoon and summer seasons. The first 
clusters are pH, K, Ca, Na, HCO3 and SO4, whereas the second cluster is 
Cl accompanied by pH, K, Ca, Na, HCO3 and SO4. The third cluster is 
accompanied by EC and TDS. These variables would be found in natural 
mineralization and anthropogenic processes. The non-homogenous nature 
of the aquifer led to different hydrogeochemical facies for ground water 
such as Na and Cl. A close relationship between Na and Cl, may be origi-
nated from sea water incursion into coastal aquifers (Figs. 3a, b).

Fig.2. Distributions of physico-chemical parameters of ground water in the study area

Fig.3a. Dendrogram of 10 chemical parameters for 10 cases (monsoon)

Fig.3b. Dendrogram of 10 chemical parameters for 10 cases (summer)

A multivariate statistical approaches on physicochemical characteristics of ground water in and around Nagapattinam district, Cauvery deltaic region of Tamil Nadu, India
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Conclusions

The problem of ground water in Nagapattinan district coastal region 
is rather complicated, and is derived from excessive exploitation of the 
aquifer systems. The study area depends totally on the water derived from 
the aquifer for its irrigation use. The overpumping of fresh water caused 
the deterioration of the water quality by the upwelling of deep saline wa-
ter. Fifty two ground water samples were collected near the coastal village 
of the Nagapattinam district during monsoon and summer seasons, and 
physico-chemical characteristics of the samples were studied to determine 
the quality and the suitability of the ground water for various purposes as 
well as the characteristics of ground water quality. The maximum concen-
trations were observed near the coastal area because of sea water incursion. 
In addition, irrigation return flow also plays a major role in controlling 
ground water quality in the Nagapattinam district. A dendrogram of the 
10 cases and 10 variables are plotted and grouped into three main clusters. 
The values of correlation coefficients and their significance levels contri-
buted to the selection of proper treatments to minimize the contamina-
tion of the ground water in the study area. The factor analysis reveals that 
the ground water from Nagapattinam area has been greatly influenced by 
lithologic and environmental events in the area. A continuous monitoring 
program of the water quality will help to avoid further deterioration of the 
ground water quality in this coastal region.
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