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Abstract In order to achieve a better understanding of

the nature of the factors influencing ground water compo-

sition as well as to specify them quantitatively, multivariate

statistical analysis (factor analysis) were performed on the

hydrochemical data of this area. R-mode factor analysis

was carried out on the geochemical results of the 79-

groundwater samples and the factor scores were transferred

to areal maps. Fundamental chemical parameters of the

groundwater have been compounded together for charac-

terizing and interpreting a few empirical hydrogeochemical

factors controlling the chemical nature of water. R-mode

factor analysis reveals that the groundwater chemistry of

the study area reflects the influence of anthropogenic

activities, silicate weathering reactions, precipitation, dis-

solution and subsequent percolation into the groundwater.

The data have been put into few major factors and the

seasonal variation in the chemistry of water has been

clearly brought out by these factors. Factor scores were

transferred to contour diagrams and the factor score anal-

ysis has been used successfully to delineate the stations

under study with various factors and the seasonal effect on

the sample stations.

Keywords Multivariate statistical analysis �
R-mode factor analysis � Groundwater chemistry

Introduction

Groundwater contamination in urban environment is a

major issue and is complicated by the large number of

potential sources of contamination, and the numerous,

distinct contaminants that can be found in a city. Studies on

the Geochemical processes that control groundwater

chemical composition may lead to improved understanding

of hydrochemical systems in such areas. Such studies

contribute to effective management and utilization of the

groundwater resources. Exploitation of groundwater has

increased greatly, particularly for agricultural purpose.

Groundwater quality is as important as the quantity. Poor

quality of water adversely affects the plant growth and

human health. In order to understand the factors controlling

the geochemistry of groundwater in the study area, multi-

variate statistical technique was performed.

The characterization and interpretation of various

groundwater parameters is often a complex problem, factor

analysis offers a powerful means of identifying the simi-

larities among the variables present in the chemical budget

of water. To identify the likely factors that cause the

variations in hydrochemical compositions, multivariate

statistical methods of analysing hydrochemical data such as

principal component factor analysis can be a very useful

tool. Such analysis are especially useful because it brings

out the relative significance of the combinations of chem-

ical variables that can be evaluated and the subsequent

interpretation is simplified since these are statistical tools

which reduce and categorize complex sets of data into

groups with similar characteristics. The conventional

techniques of histograms and trilinear techniques (Dalton

and Upchurch 1978) such as Stiff and Piper plots which

consider only the major and minor ions with equal

emphasis to interpret the group of variables to evaluate the
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chemical nature of groundwater has several limitations. In

order to overcome these limitations of these conventional

methods, factor analytical technique has been used to

understand a number of geochemical processes by several

professionals (Dawdy and Feth 1967; Hitchon and others

1971; Ashley and Lloyd 1978; Lawrence and Upchurch

1976, 1983; Seyhan and others 1985; Usunoff and Guzman

1989; Razack and Dazy 1990; Subbarao and others 1996;

Jayakumar and Siraz 1997; Olmez et al. 1994; Bakac

2000).

The statistical analysis of the basic geochemical data of

the groundwater using R-mode factor analysis is a widely

accepted technique for characterizing and interpreting a

few empirical hydrochemical factors controlling the

chemical budget of water. Reeder and others (1972) iden-

tified the likely weathering processes controlling the

chemical composition of surface waters of the Mackenzie

River drainage basin in Canada. Ashley and Lloyd (1978)

used the factor analysis to evaluate the hydrogeochemical

process in the Santiago basin of Chile and the Derbyshire

Dome of England. Lawrance and Upchurch (1983) also

used the technique to delineate the zones of natural re-

charge to groundwater in the Floridan aquifer. Ruiz and

others (1990) mentioned that the basic purpose of such an

analysis is to study the hydrogeochemistry of aquifers by

simplifying the numerous and complex groundwater data

into a set of factors, few in number which can explain a

large amount of the variance of the analytical data and also

indicates the source of origin of various ions present in the

water. Briz-kishore and Murali (1992) have delineated the

areas prone to salinity hazard in Chitravati watershed of

India. Similarly Syed Munaf and others (2005) used the

multivariate factor analytical technique to assess the water

quality and source of contamination in a irrigation project

at Al-Fadhli, Saudi Arabia.

Many studies combining the effects of multiple water

quality variables evaluating the water quality and the extent

and nature of contamination have been undertaken (Shuxia

et al. 2003). Chemical composition in groundwater is

determined by a number of factors, such as precipitation,

infiltration, groundwater flow patterns and characteristics

of soil type of the aquifer.

Factor score studies reflect the station-wise variation of

the geochemical factors controlling the water chemistry.

Scores showing negative values denote areas essentially

unaffected by the said factors; most affected areas are de-

noted by extreme positive score and a near zero score may

be considered as areas affected to an average degree to

unaffected (Dalton and Upchurch 1978; Gupta and Subr-

amanian 1994). The results of factor scores of groundwater

in the study area are represented as contour diagrams.

The R-mode factor analysis is used in the present work,

eigenvalues and eigenvectors of the correlation matrix are

extracted after applying the varimax rotation and the least

important among them are then discarded (Davis 2002). In

general, factors showing Eigenvalues greater than 1 are

taken up for interpretation of the results and in the present

work also, the factor extraction has been done with a

minimum acceptable eigenvalue greater than 1 (Harman

1960).

Study area

The Neyveli Mine-industrial complex is located in Cud-

dalore District, Tamil Nadu, India. The study area lies on

11�25¢N to 11�40N and 79�25¢E to 79�40¢E (Fig. 1a).

Neyveli is located 200 km south of Chennai and 40 km

east of Bay of Bengal lies on the immediate hinderland of

coastal zone. The area has a tropical climate with the

highest and lowest temperatures recorded in May and

January respectively. The precipitation of this study area

mainly depends upon North East monsoon, which is cy-

clonic in nature and attributed to the development of low

pressure in the Indian Ocean and Bay of Bengal. This area

receives about an annual rainfall of 1,162 mm. The study

area includes two very large (Mines I and II) and one small

(Mine IA) opencast lignite mines, associated industries

(two pit-head thermal power plants, a urea plant, and a

briquetting and carbonization plant) that are operated by

Neyveli Lignite Corporation Ltd. (NLC), and an indepen-

dent power plant.

Geology of the area

The study area (Fig. 1a, b) is underlain by the Tertiary

Cuddalore Formation and by recent alluvium. The Cud-

dalore sandstones cover mostly the northern and western

areas, while the alluvium covers mostly the eastern and

southeastern areas of the Neyveli lignite region. The

Tertiary and Mesozoic sequence form a E-SSW belt

along the east coast of Tamil Nadu, and uncomformably

rest over the Archaean rocks to the west. Few outliers of

the sedimentary rocks over the Archaean basement have

been noticed. The borehole data of Subramani (1970)

indicate a thick sequence of sandstones, sands, clays and

gravel down to a depth of 300 m in and around the mine

cut. The clays, which separate the granular beds below

the lignite disappear exposing the sands to direct re-

charge. The lignite occurs in the Cuddalore Formation at

depths ranging from 45 to 120 m below ground level

(bgl).
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Table showing the geological evolution of the area.

Recent Soils, Alluvium,

Blown sands,

Laterite and kankar

Tertiary Upper Miocene

(Cuddalore)

Argilaceous Sandstones, Pebbles
bearing sand stones, Grits, Sands,

Clays with pebles and lignite beds.

Probable Unconformity

Eocene Black clays or shales, Grey coloured

Sandstones. Calcareous
Sandstones and shales and

siliceous limestones with fossils

Unconformity

Mesozoic Cretaceous

(Ariyalur)

Shell limestones, Silious limestones,

Marls etc

Unconformity

Archean Gneissic

Complex

Granites, Gneisses, Charnakites with

dolerite, pegmatites and quartz

veins

Hydro geology

The area gently slopes towards southeast and east, and is

not drained by any major river except for a small ephem-

eral stream (the Paravannar River) flowing to the east. This

carries mine water and industrial effluents instead of nat-

ural water, and discharges into the Walaza and Perumal

Ponds east of the lignite mines. The hydrogeology of the

Neyveli Groundwater basin is extremely complex, con-

sisting of a series of productive, confined aquifers below

the lignite seam in both Mine I and II areas, while a semi-

confined aquifer lies above the seam and occurs only in the

Mine II area. In the Cuddalore sandstones, groundwater

occurs in unconfined, semi-confined, and confined condi-

tions; in the alluvium, it occurs in unconfined condition. In

the study area, both Tertiary Cuddalore Formation and the

Recent alluvium form a potential aquifer system.

Methodology

Groundwater samples were collected during May 2006 and

December 2006 representing pre- and post-monsoon sea-

sons to evaluate the seasonal variations in chemical com-

positions. The water samples were collected from wells at a

depth of 10–20 m (shown as + in Figs. 2, 3). The samples

were collected in new 1-l HDPE bottles pre-washed with

dilute hydrochloric acid and rinsed three to four times with

the water sample before filling it to capacity and then la-

belled accordingly. The samples were stored at a temper-

ature below 4�C prior to analysis in the laboratory. For

collection, preservation and analysis of the samples, the

standard methods (Rainwater and Thatcher 1960; Brown

and others 1970; AWWA 1971; Hem 1985; APHA 1995)

were followed. EC and pH of water samples were mea-

sured in the field immediately after the collection of the

samples using pH and SEC meters. Before each measure-

ment, the pH meter was calibrated with reference buffer

solution of pH = 4. Na+ and K+ were measured by using a

flame photometer (Model: Systronics Flame Photometer

128). Total dissolved solids (TDS) were measured by

evaporation and calculation methods. Ca2+ and Mg2+ were

determined titrimetrically using standard EDTA. Chloride

was estimated by AgNO3 titration. Sulphate was analysed

using the turbidimetric method (Clesceri et al. 1998). Ni-

trate, nitrite, phosphate, fluoride were analysed using UV-

Visible spectrophotometer (Rowell 1994). Standard solu-

tions for the above analysis were prepared from the

respective salts of Analytical Reagent grade. Trace metals

were determined by Graphite Furnace Atomic Absorption

Spectrophotometer (Perkin–Elmer AAnalyst 700). Multi

element Perkin–Elmer standard solutions were used for the

estimation of trace metals.

Discussion

The analytical results of the chemical analysis showing

minimum, maximum and mean of the geochemical data are

presented in Table 1 for both premonsoon and post mon-

soon.

Correlation studies

A strong correlation between two variables is exhibited by

a high correlation coefficient (near +1 or –1) and its value

around zero means no relationship between them. In other

words, it can be said that the parameters showing corre-

lation coefficient >0.7 are considered to be strongly cor-

related whereas value between 0.5 and 0.7 shows moderate

correlation.

In this study, the correlation between various elements

has been presented in Table 2. The correlation matrix

shows high levels of positive and negative correlations

among different elements. The chemical budget of ions in

the groundwater depends primarily on Rock-water inter-

actions and anthropogenic activities. Na+ and Mg2+ are

strongly correlated with HCO3
–

. Ca2+ also have positive

correlation with HCO3
– in both the seasons. Moreover the

correlation of Mg2+ with SO4
2– in both the pre and post

monsoon periods are significantly high but since neither

was found to be correlated with NO3
–, the source of these

ions are not likely from the anthropogenic activities viz.,

agricultural inputs such as fertilizers but may be derived

from the lithological sources.
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Na+ is strongly correlated with Cl– in both the seasons.

During premonsoon, the variation of Na+ with Cl– is re-

lated to nitrate but in post monsoon, the variation is

unrelated to nitrate reflecting that some contribution from

the anthropogenic activities is expected in premonsoon and

the dissolution of dispersed halite would have contributed

Fig. 1 a Geological map of part

of the Neyveli lignite field and

its environment. b Schematic

diagram of surface water flow

from the lignite mining and

industrial complex
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to the water chemistry during post monsoon. For both the

post-monsoon and pre-monsoon seasons, some pairs of

species show moderate to strong correlation (r > 0.6), e.g.

Cl––SO4
2–, Mg2+–SO4

2– and Na+–SO4
2–. Similarly, during

both the seasons, the major exchangeable ions Na+–Ca2+

and Na+–Mg2+ correlate positively. It can therefore be

postulated that the concurrent increase/decrease in the

composition of ions in these waters is predominantly due to

the result of dissolution/precipitation reaction and con-

centration effects.

Moreover, in groundwater three different sets of strong

relationships exist between major cations and anions

(Douglas and Leo 1977). They are:

1. The highly competitive relationship between ions

having same charge but a different valence number e.g.

Ca2+ and Na+

2. The affinity between ions having different charges but

the same valence number e.g. Na+ and Cl–.

3. The non-competitive relationship between ions having

the same charge and same valence number e.g. Ca2+

and Mg2+.

On the above basis and from the results of the corre-

lation coefficient matrix (Table 2), the correlation of ions

in groundwater samples in premonsoon is as follows:

1. Highly competitive ion relationship: Ca2+ with Na+;

Mg2+ with Na+ have high positive correlation. SO4
2–

with Cl–, HCO3
–; Ca2+ with K+ have low positive

correlation.

2. Affinity ion relationship: Na+ with Cl–, NO3
–, HCO3

–;

Ca2+ with SO4
2–; Mg2+ with SO4

2– have significant cor-

relation. K+ with HCO3
–, F– has low positive correlation.

Fig. 2 Spatial distribution of premonsoon factor scores. a Factor 1, b Factor 2, c Factor 3, d Factor 4, e Factor 5, f Factor 6. (+ denotes Sample

location)
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3. Non-Competitive ion relationship: Ca2+ with Mg2+;

HCO3
– with Cl–; Cl–with NO3

–have significant correla-

tion. Na+ with K+; HCO3
– with NO3

–; NO3
–with NO2

–

have low positive correlation. F– with NO3
– has nega-

tive correlation.

The correlation of ions in groundwater samples in Post

monsoon is as follows:

1. Highly competitive ion relationship: Ca2+ with Na+;

Mg2+ with Na+; HCO3
– with SO4

2–; SO4
2– with Cl– have

positive correlation. Ca2+ with K+; Mg2+ with K+;

SO4
2– with NO3

–, NO2
– have low positive correlation.

2. Affinity ion relationship: Ca2+ with SO4
2–; Mg2+ with

SO4
2–; Na+ with Cl–, NO3

–, HCO3
– have significant

correlation. Na+ with NO2
–; K+ with HCO3

–, F– have

low positive correlation. Negative correlation exists

between Na+ with F–; K+ with NO2–.

3. Non-Competitive ion relationship: Ca2+ with Mg2+;

HCO3
– with Cl–; Cl– with NO3

–; shows positive corre-

lation. Na+ with K+; HCO3– with NO3
–, NO2

–; F– with

NO3
–, NO2

–; shows negative correlation.

Factor analysis

Factor analysis is used to reduce the complex data to an

easily interpretable form (Davis 2002). In this work,

R-mode factor analysis is chosen which provides several

positive features that allows interpretation of the data set

more scientifically. In order to evaluate the variables

belonging to a specific chemical process and also to find

out the dominance and contribution of the major elements

in terms of the total data set, Factor loadings and Eigen

values (Table 3) are being examined.

The first six factors which accounts for about 71% of

variance during premonsoon and first seven factors

accounting for 79% of variance during post monsoon with

eigen values >1 have been extracted from the principal

factor matrix after varimax rotation.

Factor 1 of the premonsoon which explains 28% of the

total variance has high loadings in the ions Mg2+, HCO3
–,

SO4
2–, Na+ and Ca2+. The percentage abundance of the

above variables indicates that their source of origin may be

expected from (1) Anthropogenic sources such as resi-

dential water softeners or agricultural activities (Vengosh

and Keren 1996; Wayland et al. 2003) and (2) the disso-

lution of silicate minerals. Moreover, the above variables

are positively correlated with pH reflecting that alkalinity

increases dissolution of these ions and acidity decreases the

dissolution of ions.

Factor 1 of the post monsoon which explains 27% of the

total variation has high loading in the ions Ca2+, Mg2+,

Na+, HCO3–, SO4
2– and Cl-. It is observed that there is an

Table 1 Summary statistics of the analytical data

Parameters

(mg/l)

Pre monsoon Post monsoon

Minimum Maximum Mean Minimum Maximum Mean

pH 5.72 8.50 6.96 5.90 8.40 6.72

EC (lS/cm) 71.87 3334.78 650.08 33.42 2913.17 514.48

TDS 46 2134 416 36 2241 413

Ca2+ 1.08 355.00 32.74 0.80 333.07 27.58

Mg2+ 1.00 52.88 13.18 0.25 51.50 18.24

Na+ 2.78 408 56.85 2.25 449.50 45.94

K+ 0.00 92.86 7.32 0.00 69.61 5.58

CO3
–2 0.00 30.80 6.18 0.90 22.50 4.74

HCO3
– 10.00 270.00 82.08 4.88 258.08 64.35

SO4
2– 1.49 362.42 99.44 2.40 329.97 82.55

Cl– 8.00 757.24 80.66 3.19 637.36 65.14

F– 0.51 3.13 1.24 0.07 1.56 0.52

NO3
– 0.24 89.29 13.37 0.07 68.32 8.46

NO2
– 0.00 1.51 0.07 0.00 0.98 0.07

PO4
3– 0.02 5.04 0.48 0.02 1.22 0.22

Cu 0.013 1.326 0.126 0.013 0.797 0.111

Cr 0.000 0.304 0.044 0.000 0.470 0.046

Ni 0.032 0.938 0.617 0.058 0.987 0.463

Pb 0.001 0.072 0.008 0.000 0.045 0.006

Zn 0.007 2.684 0.272 0.000 1.689 0.200

Fe 0.034 3.757 1.053 0.098 5.654 1.408
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increase in Ca2+ and Cl– loadings compared to premon-

soon. Since the effect of monsoon is obviously seen, this

factor may be termed as precipitation and silicate weath-

ering factor. The areal distribution of the factor scores

during premonsoon is shown in Fig. 2a. A small zone in

the east shows high scores suggesting the transport of

contaminants through dissolution and percolation. The

wells in most parts on the Northern direction shows neg-

ative factor scores and are apparently unaffected. The wells

in the southwest are moderately affected. The natural re-

charge process would have induced bicarbonate to the

groundwater as the atmosphere surrounding the thermal

plant area is rich in CO2. The dissolution of the CO2 in the

adjacent aquifers due to precipitation would have increased

the concentration of these ions in the water bodies. The

areal distribution of post monsoon (Fig. 3a) also follows

the same pattern as far the northern parts are concerned. A

small portion in the East is found to be affected as in the

case of premonsoon but the wells located in the south are

found to be moderately affected. The seasonal effect is

visible in this region.

Factor 2 of premonsoon, which accounts for 16% of the

total variance has high loading in the variables Ca2+, Na+,

Cl–, and NO3
–. Nitrate has no significant lithologic source in

the study area and it must be associated with the anthro-

pogenic activities. During post monsoon, Factor 2, which

explains 14% of variance has no significant loading on the

major ions and nutrients but it has high loadings on Fe, Mn,

Pb and Cr. In the case of factor 2, the seasonal effect is

very significant and dilution predominates over leaching in

the case of major ions and nutrients except heavy metals.

The areal distribution map of premonsoon (Fig. 2b) with

regard to factor 2 shows that the wells located in the

southern parts are not affected as far as the high loading

ions of factor 2. A small portion in the mid zone shows

high value of this factor reflecting that the wells fall under

this area are found to be affected. The wells in the

Northwest direction show some high factor scores reflect-

ing that the groundwater in this area is affected to some

extent. The post monsoon areal distribution map (Fig. 3b)

shows that the Northwest and Southwest parts are affected

with regard to the heavy metal pollution. Northeast and the

middle parts are also found to have high factor scores

reflecting that the wells in these areas are also affected.

Factor 3 of premonsoon accounting for about 8% of the

total variance is explicitly a heavy metal factor showing

high loadings on the metals Fe, Mn, Cr and Pb. During post

monsoon, factor 3, which explains 7% of the total variance,

has high loadings in the ions NO2
–, Cr and Pb. The contour

diagrams of premonsoon factor scores (Fig. 2c) shows that

the wells in the Southwest parts are found to be highly

affected with regard to the heavy metals. The wells in the

south and southeast parts shows slightly elevated concen-T
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Table 3 Factor loading after Varimax rotation of ground water parameter of Neyveli

Variables Varimax rotated factor matrix

1 2 3 4 5 6

Pre monsoon

pH 0.539 –5.45E-02 0.381 –0.445 –2.61E-02 4.07E-02

Ec 0.725 0.547 2.88E-02 –8.50E-02 4.63E-02 8.49E-02

Ca 0.405 0.822 0.112 –7.63E-02 2.64E-02 –0.116

Mg 0.858 0.29 0.134 6.58E-02 8.51E-02 0.112

Na 0.505 0.785 –4.62E-03 –9.53E-03 6.01E-02 –3.37E-02

K 0.296 –0.105 –0.147 0.11 –0.414 –8.05E-02

CO3 1.58E-02 –9.77E-03 –5.39E-02 0.738 0.372 0.105

HCO3 0.804 0.199 –0.116 4.52E-02 3.47E-02 8.94E-02

SO4 0.72 0.405 0.262 4.95E-02 5.57E-02 –0.114

Cl 0.36 0.908 –3.62E-02 –4.05E-02 1.38E-02 6.09E-02

F –0.205 –2.73E-02 5.65E-02 0.5 –0.46 7.67E-02

NO3 –6.64E-02 0.913 –6.89E-02 –7.48E-02 4.66E-02 8.73E-02

NO2 9.33E-02 5.34E-02 6.03E-02 9.04E-02 0.769 –2.42E-02

PO4 5.87E-02 8.87E-02 –2.32E-02 2.46E-02 –5.64E-02 0.891

Fe 1.71E-02 –4.81E-02 0.898 6.07E-02 –0.153 4.62E-02

Mn –7.44E-03 3.11E-02 0.893 3.74E-02 –7.78E-02 5.80E-02

Cr –0.143 –1.97E-03 0.865 1.41E-02 0.18 –0.128

Cu 4.99E-02 –0.111 7.49E-02 0.634 –0.125 –4.61E-02

Pb 0.137 3.90E-02 0.801 –8.76E-02 0.2 –0.141

Zn –0.113 0.107 0.133 –3.15E-02 –0.4 –0.455

Ni –0.636 –6.69E-02 0.359 0.155 4.97E-02 –3.58E-02

Eigen values 5.917 3.459 1.665 1.504 1.371 1.032

Variance (%) 28.177 16.471 7.929 7.164 6.526 4.913

Cummulative (%) 28.177 44.649 52.577 59.741 66.267 71.18

Variables Varimax rotated factor matrix

1 2 3 4 5 6 7

Post monsoon

pH –7.19E-02 –4.54E-02 0.639 0.231 8.52E-02 –0.121 0.193

EC 0.988 6.44E-02 –2.82E-02 –7.86E-02 4.64E-03 3.72E-02 –5.40E-02

Ca 0.877 –7.78E-02 0.137 2.58E-02 –0.105 –0.137 2.58E-02

Mg 0.807 0.161 –7.48E-02 –0.16 0.186 0.119 –1.63E-02

Na 0.919 6.12E-02 –6.78E-02 –7.71E-02 2.98E-03 7.50E-02 1.70E-02

K 0.118 0.142 –0.27 1.39E-02 6.33E-02 –0.109 –0.615

CO3 –2.76E-02 2.01E-02 –6.21E-02 –3.92E-03 0.82 –9.20E-02 7.58E-02

HCO3 0.664 0.232 –0.274 –0.234 0.149 0.289 –0.147

SO4 0.842 5.66E-02 0.126 –6.06E-02 4.98E-02 –0.127 –0.13

Cl 0.908 –5.45E-02 –3.02E-02 3.01E-03 –7.16E-02 3.98E-02 0.111

F –9.49E-02 9.87E-02 –0.123 0.784 0.119 –3.51E-02 –6.00E-02

NO3 0.257 –0.328 0.19 0.222 0.22 –0.501 –0.173

NO2 8.86E-02 –5.48E-02 0.524 –0.199 0.243 0.53 –3.84E-02

PO4 0.108 –7.97E-02 –9.10E-02 0.159 5.47E-02 0.735 –1.82E-02

Fe 7.21E-02 0.807 0.162 0.243 –6.42E-02 1.76E-02 –1.77E-02

Mn 0.124 0.922 6.98E-02 4.38E-02 –2.92E-02 –1.41E-02 5.08E-02

Cr –4.45E-02 0.425 0.767 –8.42E-02 –8.11E-02 –1.73E-02 –5.24E-02
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tration of these metals. But in the case of post monsoon

areal distribution map (Fig. 3c), it is observed that majority

of the wells shows negative factor scores indicating that the

groundwater in these area is not affected much with regard

to the variables viz., NO2
–, Cr and Pb. But some of the wells

located in the Northeast and southern parts shows some

significant values indicating that these wells are affected

with respect to these variables.

Factor 4 is found to have high loadings in fluoride for

both the seasons especially in the post monsoon. In addi-

tion to Carbonates and fluorides, Cu shows some high

loadings in premonsoon and Nickel shows predominance

among other metals in post monsoon. During premonsoon,

pH is negatively correlated with fluorides indicating that an

increase in pH decreases the dissolution of F– ions. The

concentration of F– in an area is mainly caused by the

leaching of fluoride-bearing minerals (apatite, hornblende,

mica, etc.) of the country rocks, and also from the influence

of clay minerals, intensive irrigation, high rate of evapo-

transpiration and long residence time of the waters in the

aquifers (Ramamohana Rao and others 1993; Wodeyar and

Srinivasan 1996; Subba Rao and others 1998a, b). The

lithology of the study area does not support the increased

concentration of fluoride but the influence of clay minerals,

intensive irrigation, high rate of evapotranspiration and

long residence time of the waters in the aquifers would

have contributed to the high fluoride loadings. The pre-

monsoon areal distribution map of factor 4 (Fig. 2d) shows

that most of the wells falls in the region of unaffected to

slightly affected. A small region in the southeast and in the

eastern part shows some significant factor scores suggest-

ing that the wells lying in this part contains higher con-

centration of fluoride and copper ions. The contour maps of

post monsoon (Fig. 3d) suggests that the wells in the

northwest, southwest and the eastern parts falls in the re-

gion of unaffected to slightly affected. A small portion in

the upper part of the study area lying in the north is found

to have high positive scores.

Factor 5 of premonsoon, which accounts for 6.5% of the

total variance is explicitly a nitrite factor. Nitrite has no

significant lithologic source in the study area and it must be

associated with the anthropogenic activities. The areal

distribution map of factor scores (Fig. 2e) shows that

majority of the wells are found to be unaffected with re-

spect to this factor. The wells in the southwest, northwest

and some parts in the east are found to exhibit slight po-

sitive factor scores. A small portion in the north shows

highly significant scores suggesting that the wells in this

area are affected. During post monsoon, Factor 5, which

explains 6% of variance has high loading on CO3
2– and it

does not show any significance in the case of trace metals.

Falling in the same line as that of premonsoon, the factor

score contour maps (Fig. 3e) of post monsoon suggests that

many of the wells are found to be unaffected with regard to

factor 5. Some of the wells in the east and southeast parts

are found to exhibit highly significant factor scores.

Factor 6 of premonsoon which accounts for only 5% of

the total variance may be called as a phosphate factor.

Apart from high loading on phosphate, it does not have any

significant loadings on other major ions and trace metals.

The high loadings on phosphate may be attributed to the

anthropogenic activities. Factor 6 areal distribution map of

factor scores (Fig. 2f) shows that about 70% of the wells

are found to be unaffected with respect to this factor. Some

wells in the north, east and southeast parts are found to be

slightly affected. A few wells in the north, southeast and in

the eastern parts show high positive factor scores. Factor 6

of post monsoon, which accounts for 5.6% of the total

variance is also a phosphate factor but there is a slight

decrease in the loadings on phosphate comparing to the

premonsoon. Loadings on other variables follows as that of

the premonsoon loadings. The factor score contour maps

(Fig. 3f) of post monsoon shows that wells falling in the

northwest and southwest parts are found to be not affected

with regard to this factor. Wells in the northeast, southeast

and central parts falls in the region of unaffected to slightly

affected. A small portion in the north and eastern parts

show highly significant factor scores.

Factor 7 of post monsoon accounting for 5% of the total

variance does not have any significance except it shows

Table 3 continued

Variables Varimax rotated factor matrix

1 2 3 4 5 6 7

Cu 6.82E-02 0.153 –0.113 –6.76E-03 7.18E-02 –7.67E-02 0.822

Pb 0.118 0.557 0.647 –0.139 –0.161 –0.12 –4.04E-02

Ni –0.194 0.1 0.162 0.705 –0.205 9.42E-02 4.80E-02

Zn –5.16E-02 0.128 –6.58E-02 2.85E-02 –0.628 –0.143 5.23E-02

Eigen values 5.594 2.855 1.574 1.482 1.278 1.185 1.08

Variance (%) 26.639 13.596 7.494 7.058 6.088 5.641 5.141

Cummulative (%) 26.639 40.235 47.729 54.787 60.875 66.516 71.657
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some high loading on Copper. The areal distribution map

(Fig. 3g) reveals that majority of the wells in the north,

northwest and in the eastern parts falls in the slightly

affected region. A few wells in the northeastern and in mid

east exhibits high positive scores indicating that concen-

tration of copper is high in these groundwaters.

Fig. 3 Spatial distribution of Post Monsoon factor scores. a Factor 1, b Factor 2, c Factor 3, d Factor 4, e Factor 5, f Factor 6, g factor 7. (+

denotes Sample location)
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Conclusion

The present study has thus demonstrated the usefulness of

factor analysis in interpreting the hydrogeochemical data.

Factor score analysis has been used successfully to delin-

eate the stations under study with various factors and the

seasonal effect on the sample stations. The degree to which

the groundwater composition is influenced by various

factors had been assessed by examining the factor scores;

the variations in factor scores can be used as an indicator of

groundwater residence. The correlation studies reveals that

both in the premonsoon and postmonsoon Na+ was found

to have high correlation with Cl– and both the alkaline

earth metal ions were found to have high correlation with

SO4
2+ and Ca2+ and Mg2+ were found to have high positive

correlation with bicarbonates especially Mg2+. Seasonal

effect is very much seen in the case of factor 1 as it shows

significant changes in the loading of variables in both the

periods. The seasonal effect is found to be significant in the

case of factor 2 also. The premonsoon is explicitly a nitrate

factor along with high loadings on other major ions but in

the case of postmonsoon it does not have any significant

loading with regard to any of the major ions but the trace

metals were found to acquire some significance. The areal

distribution map on this factor also shows significant

changes during both the monsoon periods. Factor 3 is

found to be a heavy metal factor both in the pre and

postmonsoon periods. From the areal distribution pattern, it

is found that the wells lying in the southern part of the

study area shows high positive scores with regard to the

heavy metals. Factor 4 is explicitly a fluoride factor for

both the seasons especially in the postmonsoon. Since the

lithology of the area does not support the higher fluoride

concentration, it is logical to assign it to anthropogenic

activities. The areal distribution pattern for both the sea-

sons shows that only a small region is found to have higher

concentration and the majority of the wells are found to be

not affected with regard to this factor. Monsoonal effect is

visible in the case of factor 5 where the premonsoon is

found to be a nitrite factor whereas the postmonsoon shows

high loadings in CO3
2– In general, factor analysis shows

significant seasonal effect among the chemical budget of

ions and the results also indicates that the dilution pre-

dominates over that of the leaching factor.
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