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sources of these heavy metals. For the pre-monsoon ground water 2008 data
set, although six factors were extracted, the first three factors account for the
approximately 58.7% of the total variance of the data set. For the post-
monsoon 2008 ground water data set, the first three factors account for the
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monsoon 2008 and V, Mn, Zn, As, Pb, Ba in post-monsoon 2008. The high
values obtained are an indication of anthropogenic source for these elements
in ground water.
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1 INTRODUCTION:

Ground water pollution problems are not only confined to industrialized countries alone, although developing
countries have a relatively small proportion of world industrial production. There are a number of third world cities
and city regions with high concentration of industries and significant industrial output. The heavy metals of ground
water though occasionally studied, is becoming one of the increased concern due to its adverse effect on human
physiology. Some of them are linked for causing cancer and renal failure among those who are exposed to high dose
of trace metals especially in industrial areas. The source of heavy metals into the ground water could be geogenic,
but occurrence of them in higher concentration above the permissible limit of drinking water standards raises the
suspicious of industrial contamination sources. The higher concentration of their presence in industrial effluents
percolates down to sub-surface water bodies and gets absorbed in the course as a result of various geochemical
processes. Higher concentration of trace metals can also be found in ground water near contaminated sources posing
serious health threats(1). Monitoring and assessment of the water pollution has become a very critical area of study
because of direct implications of water pollution on the aquatic life and the human beings. The contamination of
surface water by heavy metals is a serious ecological problem as some of them like Hg and Pb are toxic even at low
concentrations, are non-degradable and can bio-accumulate through food chain. Though some metals like Fe, Cu
and Zn are essential micronutrients, they can be detrimental to the physiology of the living organisms at higher
concentrations (2, 3). Trace metals can be toxic and even lethal to humans even at relatively low concentrations
because of their tendency to accumulate in the body (4).

Several investigations have been made to identify the source of contaminants in ground water, and in most of the
cases source are industrial wastes (5).The study area is one of the contaminated areas identified by the Central
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Pollution Control Board, New Delhi and frequently referred to as an area of ecological disaster, and has been studied
by many authors (6,7,8,9).The above studies though provided a base line however, environmental issues needs
to be monitored regularly.

This paper presents and discusses the results of the factor analysis in terms of factoring process. The factor solutions
of ground water samples datasets for the pre and post monsoon 2008 are interpreted and discussed.Factor analysis
was carried using IBM SPSS Statistics 20 software package. The correlation coefficient matrix of the processed data
sets was used as the input for the factor analysis. Principal component analysis was used to extract factors and the
Kaiser criterion was used as the factor retention criteria (eigenvalue greater than 1.0). The factor solution was
rotated using the Varimax method to enhance the factor solution prior to interpretation (10,11).Thisstudy indicates
the necessity and usefulness of multivariate statistical techniques for evaluation and interpretation of the data with
the view to get better information about the water quality to prevent the pollution caused by toxic elements.
Multivariate statistical approach allows deriving hidden information from the data set about the possible influence of
the environment on water quality.

2 The Study Area

The Patancheru and Bolaram Industrial Development Areas (IDAS) (78°08'-78°23" east longitude and 17°30'—
17°42" north latitude) of the Medak district are located about 35 km from Hyderabad, Andhra Pradesh (AP), India;
the location is shown in Fig. 1
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Figure-1: Sampling location map of the study area
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3. Methodology

The objective of sampling is to collect a portion of material small enough in volume to be transported conveniently
and handled in the laboratory while still accurately representing the material being sampled (12). Samples, however,
have to be handled in such a way that no significant change in composition occurs before the tests are carried out. A
total number of 40 groundwater samples were collected for successive pre-and post-monsoon seasons corresponding
to June and November 2008. The water samples were collected and stored in 1 liter capacity clean plastic bottles.
Before collection of samples, the bottles were washed with double distilled water. Prior to collecting the samples,
the containers were rinsed by the water to be sampled. The wells were duly pumped before collecting their sample
so that the stagnant water, if any, is completely removed from storage within the well assembly. All the samples
were filtered using Whattman 42 filter paper and were diluted to bring down the TDS - 200ppm for further analysis
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by ICP-MS. The trace element samples were treated with 0.6N HNOs.The heavy metal elements analyses were
carried out at National Geophysical Research Institute (NGRI), Hyderabad. The elements were analyzed by
Inductive Coupled Plasma-Maas Spectrophotometer (ICP-MS). A Perkin Elmer SCIEX®, Model ELAN DRC I
inductively coupled plasma-mass spectrometer (ICP-MS) (Concord, Ontario, Canada) was used throughout.
Acidified water samples were directly fed into the instrument nebulizer after proper dilution and filtration.
Calibration was performed using the certified reference material NIST 1640a (National Institute of Standards and
Technology, USA) to minimize matrix and other associated interference effects and accuracy was better than 6%
RSD. Relative standard deviation (RSD) was found to be better than 6% in the majority of the cases, which indicates
that the precision of the analysis is reasonably good (13). Trace elements analyses were carried out at National
Geophysical Research Institute (NGRI), Hyderabad .A.P. India.

4 RESULTS AND DISCUSSION
The analytical results of heavy metals concentration in ground water for pre and post-monsoon 2008 are given in
Table 1. Multivariate analysis of ground water data was subjected through factor analysis.

Tablel. Analytical data of ground water (ppb) in Bollaram and Patancheru industrial area
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4.1 FACTOR ANALYIS:

Factor analysis is based on the fundamental concept that there exists a certain amount of correlation between pairs of
variables in a large multivariate dataset (14, 15,16). Upon entering into a factor analysis one has to examine the
correlation matrix for the presence of sufficient inter-correlation between variables to warrant proceeding with the
analysis. The correlation matrices, which contain the Pearson’s correlation coefficient for each pair of variables of
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both pre and post monsoon ground water datasets, are presented in Tables 2 and 3.This section presents and
discusses the results of the factor analysis in terms of factoring process. For the ground water pre monsoon data set
(rotated solution) given in table 4, six factors account for 83.9% of the total variance, with 23.1% for factor one,
21.9% of factor two,13.7% of factor three. Although six factors were extracted, the first three factors account for the
approximately 58.7% of the total variance of the data set. For the post monsoon ground water data set (rotated
solution) table 5, six factors account for 83.8% of the total variance, with 24% for factor one, 22.9% of factor two,
13.2% of factor three. Although six factors were extracted, the first three factors account for the (approximately
60.1%) of the total variance of the dataset. The extraction result based on Kaiser Criterion. Overall, factor solutions
are able to reproduce a significant amount of the variance in the datasets. The solutions were able to extract more
than 80% of the variance in the system. Furthermore, in both solutions the first few factors account, by themselves,
for more than 50% of the total variance.

Table 2 : Correlation matrix of pre monsoon ground water for the year 2008
Be B \ Cr | Mn | Fe Ni Co Cu | Zn As Rb Sr Mo Ag Cd | Sb | Pb |Ba

Be 1
B | 0.31 1
Vo[ 0.16] 0.35 1
Cr | 0.893] 0.35] 0.19 1
Mn| 0.29] 029 069 026 1
Fe | 0221 077 0337 0171 05 1
MNi | 0.13] 032 045 017] 06| 043 1
Co| -0.2] -04[-0.15] -0.18] -0| -0.1] 0.07 1
Cu| -0.1] 0.05(-0.14| -0.13] 03] 0.35] 022] -0.02 1
Zn| 048] 0.41] 0.78| 037 0.7] 046]| 0.44] -0.14| 0.06 1
As| 019] 016 0.77] 01| 05] 048] 0.14] -0.04] -02] 0.75 1
Rb| -0.1] -0.2 0.01| -0.02] -0.1| -0.2| -0.2 0 0.13| -0.2] -0.231 1
Sr | 028 076 024 014 07 047| 047 026| 046| 053 0242 -0.76 1
Mo| 0.87] 056 0.44] 0.78] 05[] 036] 0.3]-028 0| 0.78] 0.425] -01] 042 1
Ag| -0.1] -03]-038] -0.04]-03 -0] -04f 011 0.17] -0.5]-0.294] 0.278] -04]-0.36 1
Cd| 0.61] 0.03| -0.1| 066] 0.1] -0.2| -0.1] 007| -03| 02| 0.028| -0.24| 0.04] 0.46|-0.081 1
Sb| 0.7] 047 0.32] 0.79] 0.3 -0 02| 005] -01] 0.47] 0306] -027| 0.22| 0.65(-0244| 0.61 1
| 0.25] 013 066 011] 07 04| 04| 011] 022] 09| 068 -0.11] 0.62] 0.53]-0453] 0.07] 0.29 1
Ba| 0.55| 035 048 056 05 0Z| 021 02| -0Z] 069 O056| -039 03| 066|-0366| 0O51| 069 055 1

Table 3 : Cormrelation matrix of post monsoon ground water for the year 2008

Be B v Cr Mn | Fe Mi Co Cu Zn As Rb Sr Mo Ag Cd Sb Po | Ba
Be 1
B 0.32 1
A 0.23] 0.49 1
Cr | 0.86] 0.31] 0.24 1
Mn| 0.25] 0.25] 0.65| 0.18 1
Fe | 0.15] 0.14] 0.36| 0.07| 05 1
Mi | 0.09] 0.33 04| 016] 06| 042 1
Co| -0.2| -0.4|-0.29| -0.02]| -0.1] -0.2 -0 1
Cu| -0.1] 0.03] -0.12| -0.09| 0.3] 0.28| 0.23| -0.03 1
Zn| 0.44| 0.4| 0.77 0.3] 0.8] 0.43] 0.42]| -017| 0.04 1
As| 0.24| 0.23| 0.71| 0.15] 05| 051| 013 -0.08| -02| 0.8 1
Rb| -0.1] -0.2] 0.08| 0.04]|-0.1]| -0.2| -0.1| 0.01] 0.12| -0.2] -0.241 1
Sr | 0.24| 0.09] 0.15| 0.09| 07| 0.4| 036| 0.19] 0.41| 0.39] 0.172| -0.16 1
Mo | 0.87| 0.52] 0.53| 0.71| 0.5] 0.31| 0.29| -025 -0| 0.76] 0.494| -0.09| 0.35 1
Ag -0| -0.2| -0.18| 0.04|-0.4| 012]| -0.4] -0.02| -02| -0.4| -0.0458| 0.108| -0.4] -0.25 1

Cd| 0.77| 0.13] 0.05 0.8| 0.1] -0.1| -0.1| -0.06| -0.2| 0.3| 0.229| -0.22| 0.05| 0.62| 0.008 1
Sb| 0.78| 0.47] 0.31| 0.84| 0.2| 0.03| 0.11| 0.07] -0.1| 0.42| 0.331| -0.26| 0.23| 0.71| -0.152| 0.76 1
Po | 0.26| 0.12] 0.62| 0.13| 0.7| 0.37| 0.37| 0.08] 0.18| 0.92] 0.711 -0.1| 0.51| 0.57|-0.426| 0.13| 0.28 1
Ba| 0.44| 0.32] 0.47| 0.51| 0.4 02| 013| 0.25] -0.2| 0.67 0.62| -0.39 0.2|] 0.59|-0256] 0.47| 0.59| 0.57 1
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Table 4 : Rotated sum for the pre monsoon ground water 2008 Table 5 :Rotated sumfor the post monsoon ground water 2008
Rotation Sums of Squared Loadings Rotation Surrs of Squared Loadings
niia  |eigenvaue| Tot %of | Cumulative |y ariable  |intial ggenvalie | Total | ofﬁ Currglaiwe
Variance % _ . ar:nanue:r i =
Be 1 0.021 1408 23198 23198)c ! Skl B S0 B —
B i 0722 4765|2108 1518 1 0783|4306 22977  470%
Vv T U883 7510 13780 55V 1 U. 683 2.924 13.264 o, 32
Cr 7 0044 7681 9699 B8 799]Cr 1 0914 1738 9146 50,467
TN T K] T.008 NS T7o5TMn 1 0.628 1.413 7439 76.906
Fe 1 0.818 197 6662 54 063||Fe 1 0. B«_3 1.376 7.243 84.148
i 1 0670 MNi 1 0.551
Co 1 0624 Co 1 0.786
Tu T 0.764 Cu 1 0.708
n 1 0.945 Zn 1 0.954
As 1 0.941 AS 1 0.922
Rb 1 0.941 Rb 1 0.942
ST T U575 Sr 1 0.767
Mo 1 0.924 Mo 1 0.911
Ag 1 0.772 Ag 1 0.829
Cd 1 0.785 Cd 1 0.832
Sh T 0750 Sb 1 0.868
&3] 1 0.858 Pb 1 0.892
Ba 1 0.854 Ba 1 0.848
Table 6: Factor analysis of gorund water of pre-monsoon 2008 | Table 7: Factor analysis of ground w ater of post monsoon 2008
1 2 3 4 Factors
Be 0915 014 014 -0.059 1 2 3 4
B 0.302 0.09 0.111 0.444]Be 0146 0.923 0.086 0.151
Vi 0.056 0.855 0.015 031118 0184 0.289 0.067 0.701
Cr 0948 0.05 0.051 0011V 0833 0.104 0.011 0.386
Mn 0.198 0556 0592 0322]Cr 0.07 0.947 0.026 0.058
Fe 0028 0474 065 0226|Mn 0663 012 0599  0.062
Ni 0.042 0.197 0504 0,614 Ft? 0454 -0.023 0533 0197
o 0042 0023 0072 0031 Ni 0285 -0.003 0.571 0.258
Co -0.03 -0.021 0.023 -0.864
Cu -0.136 -0.163 0.847 -0.062
Cu 0173 -0.101 0.802 0.029
Gl 0362 0.806 0.248 03 Zn 0877 0.287 0218 0143
s 0.076 0.942 0063 00%08s 0903 013 01| 0034
Rb 0105 0.05 0012 0127fpp 0059| -0077] -0033] -0.031
St 0.183 0271 0.7142 03]sr 0244 0152] 0774 -0231
Mo 0.765 0.413 0.227 0172mo 0483 0.752 0.191 0.259
Ag -0.068 -0.296 0.06 -0.814]|Ag -0214 0.009 -0.267 -0.011
Cd 0812 -0.078 -0.196 0.005|Cd 0053 0.8689 -0.121 -0.074
Sh 0.82 0.18 -0.04 0.228]Sb 0173 0.876 0.008 0.029
Pb 0.15 0.78 0.349 0.255|Pb 0843 0.126 0326| -0.158
Ba 0.625 0533 -0.052 0.196|Ba 0624 0.479 -0.103 0.2

4.2 Communalities

Communalities are measures of the extracted factors that are able to reproduce the variance of the individual
variables. There are no statistical guidelines to qualify communality as being large or small. However, for logical
reasons, one should strive for communalities greater than 0.5, which indicates that at least 50% of the variance of the
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variable is reproduced by the linear combination of the extracted factor (11). Based on this guideline, the
communalities are relatively “high,” the lowest being that of Ni in pre monsoon data set with a communality of 0.66.
At that level the communality is just above the threshold value of 0.5 but the extracted factors are still able to
reproduce more than 50% of the variance.

4.3 Factor solution and interpretation

The rotated factor solutions are presented for ground water belongs to pre and post monsoon 2008 in Table 6,
7.Varimax rotation was used in the rotation in this study. The rotation enhances a factor solution for ease of
interpretation. The end result of a factor rotation is a factor solution where each factor contains a few variables with
high loadings (the degree to which a variable belongs to a certain factor) and the remaining loadings tends towards
0. For each factor, the composing variables are sorted into decreasing loading values. The value of 0.5 is an arbitrary
threshold value below which loadings are not considered significant. A factor is considered significant if it contains
more than two significantly loading variables. Factors with less than two significantly loading variables do not
contribute to the factor solution nor add much about the understanding of the underlying structure within the data,
solutions show a significant number of variables with loadings greater than 0.7. Generally both factor solutions, the
first three factors contain more than two significantly loading variables.

In the dataset belongs to ground water of pre-monsoon (Table 6), 3 out of 19 variables (Ni, Mn, Ba) have cross-load
on multiple factors, whereas 1 out of 19 variables. Mn cross load on multiple factors in post-monsoon water dataset
(table 7).

Factor 1: Factor 1 exhibits positive loading on Cr, Mo, Cd, Sh, Ba in pre monsoon and V, Mn, Zn, As, Pb, Ba in
post monsoon. Although it is difficult to differentiate back ground concentration due to geogenic processes in water,
the high variability in the analytical data obtained is indicative of an external source for these elements in ground
water. The high values obtained are an indication of an external source for these elements in ground water. High
concentration of Cr is seen in ground water it ranges from 18.5 to 94.5ppb in pre monsoon and 10.4 to 65.4ppb in
post monsoon for the surface water. The high concentration of Cr are found in ground water of Kazipally, Bolaram,
kistareddy pet and sultan pur villages which is due to close vicinity towards industrial area. Cr show the multiple
cross load on factor 1 and 3 in both seasons. High concentrations of iron are found inground water which ranges
from 2090 ppb to 5312ppb in pre monsoon and from 1900 to 4988ppb in post monsoon. Higher concentration of
iron in ground water is due to anthropogenic activities. Ni varies from 10.08 to 42.18ppb in pre monsoon and from
5.6t0 35.8ppb in post monsoon for ground water. Zn is released into the hydrological system by the industries
located in Bolaram and Patancheru basin. In addition to industrial pollution Zn has agricultural origin coming from
extensive use of pesticides and fertilizers by the farmers to improve crop yields in the area. In ground water it varies
from 39.12 to 1852.4ppb in pre monsoon and from 35.6 to 1778ppb in post monsoon.

The concentration level of Arsenic level found to be high in ground water. Organic effluents discharged by the
industries can combine with arsenic to form non degradable metal complexes and they in turn enter the ground
water. Arsenic is mainly released from paints, pharmaceutical, fertilizers and pesticides industries. The
concentration As in ground water it varies from 57.3ppb to 551ppb in pre monsoon and from 45.9ppb to 455ppb in
post monsoon. High concentration of upto 19.3 ppb were reported by B. Dasaram. Mo varies in ground water from
1.2ppb to 53.1ppb in pre monsoon and from 0.4ppb to 45.1ppb with a mean of 19.86ppb in post monsoon. The
positive loading for factor 2, factor 3 and factor 4 are summarized in the given tables below.

Factors 2 positive loading in pre and post monsoon 2008
Pre monsoon 2008 Post monsoon 2008

vV, Mn, Zn, As, Pb, Ba |Be, Cr, Mo, Cd, Sb
Factors 3 positive loading in pre and post monsoon 2008

Pre monsoon 2008 Post monsoon 2008

Fe, Sr, Sb B, Fe

Factors 4 positive loading in pre and post monsoon 2008
Pre monsoon 2008 Post monsoon 2008

Ni B
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5. Conclusion.

The case study of ground water pollution due to uncontrolled industrial effluent discharges. From the results of
factor analysis four factors were identified for ground water controlling their variability in water of patancheru
obtained. Pollution around the Bolaram and Patancheru industrial area increased during the past one and half decade
due to discharge of industrial effluent in surface water bodies. Multivariate statistical approaches show that the
polluted surface water is strongly influencing the quality of ground water in the study area. The present study
suggests that regular monitoring of the quality of ground water should be undertaken to identify the source of toxic
pollutants and other inhibitory chemicals which affects the water around industries in Patancheru.
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