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ABSTRACT

Groundwater is an essential and vital component of our life support system. The deterioration in
the groundwater quality due to geogenic and anthropogenic activities has drawn great attention
as it is the major alternate source of domestic and drinking water supply. Groundwater samples
from selected bore wells were analysed for important physico-chemical attributes by adopting
APHA standard methods. From the data obtained, the water quality index (WQI) was calculated
by adopting the method developed by Tiwari and Mishra. The WQI values ranged from 49.2 to
409.94. The SF 36 questionnaire of WHO was used in the health survey of residents in the
villages bordering the industrial area, to correlate the quality of life with water quality index
measured using nine water quality parameters. The Pearson correlation was performed to find
the relationship between WQI and quality of life. It was observed that the correlation coefficient ‘r’
was -0.499(p<0.001). On careful examination of the data it was found that most of the water
guality parameters were beyond the desired limit prescribed by BIS, making the water unsafe for

human consumption.
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INTRODUCTION

Contamination of groundwater by domestic, industrial
effluents and agricultural activity is a serious
problem faced by developing countries. The industrial
waste water, sewage sludge and solid waste
materials are currently being discharged into the
environment indiscriminately. These materials enter
subsurface aquifers resulting in the pollution of
irrigation and drinking water (Forstner and Witman,
1981). High rates of mortality and morbidity due to
water borne diseases are well known in India. Access
to safe drinking water remains an urgent necessity,
as 30% of urban and 90% of rural households still
depend completely on untreated surface or
groundwater (Rakesh Kumar et al., 2005).While
access to drinking water in India has increased over
the past decade, the tremendous adverse impact of
unsafe water on health continues (WHO,2004).

It is estimated that about 21% of communicable
diseases in India is water related (Brandon et al.,
1995). Water quality is now being recognized in India
as a major crisis. In most parts of the country, the
water supplied through groundwater is beset with

problems of quality (CGWB Report,2002).The over
dependency on groundwater has led to 66 million
people in 22 states at risk due to excessive fluoride
and around 10 million at risk due to arsenic in six
states (Ghosh,2007).In addition, there are problems
due to excessive salinity, especially in coastal areas,
iron, nitrates and others (Desai,1990).Around
195,813 inhabitants are affected by poor water
guality due to chemical parameters (CPCB,1999). It
has been estimated that once pollution enters the
subsurface environment, it may remain concealed for
many years, becoming dispersed over wide areas of
groundwater aquifer and rendering groundwater
supplies unsuitable for consumption and other uses.
The rate of depletion of groundwater levels and
deterioration of groundwater quality is of immediate
concern in major cities and towns of the country. The
increased dependency on groundwater has made
water conservation gain top priority in water
management studies.

The challenge ahead is to provide water of the right
quality and quantity at the right place and time. In
context of the above scenario, the objective of the
present study was to analyse the physico-chemical



parameters of the groundwater in the industrial area
and its environs. The evaluation of water quality
index has been necessitated because of a large
number of industries in the study area. The impact of
quality of groundwater on the quality of life of
residents in the villages bordering the industrial area
was evaluated based on the statistical analysis of the
WHO questionnaire.

MATERIALS AND METHODS

Study Area: The state of Karnataka is one of the fast
developing states in India. Bangalore is among the
major cities with high pace of development in all
sectors like education, instrumentation and
information technology, medical facility,
industrialization and urbanization. Water is a key
element in the infrastructure of a city. Bangalore, the
software city, with its increasing population,
multistoreyed buildings, housing complexes, malls
and multiplexes is often encroaching on the surface
water bodies around. Shrinking surface water
availability leads to the city’s increasing dependence
on bore wells ensuing groundwater over exploitation.
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Bangalore is located at latitude of 12° 58’N and

longitude of 77° 35’E at an altitude of 921m above
mean sea level (Shivashankara et al., 1999). Greater
Bangalore spread over an area of 800km? is heavily
dependent on groundwater for its water
requirements. This mega city situated on a N-S
trending highland forms a divide between the rivers
Arkavathi on the west and South Pennar on the east.
The Peenya industrial area (Fig.1) is located on the
north-western suburbs of Bangalore city between 13°

1 42"'N and 77° 30’ 45"°E. It reigns as the largest
industrial estate in South Asia. Set up in 1978 with a
handful of units, Peenya Industrial Estate today
spreads over an area of 40sq km. It is the region’s
largest enclave of industrial units, which houses over
2000 industries dominated by chemical, leather,
pharmaceutical, plating, metal and allied industries.(
Fig: 2). The total population within the zone is 3,
50,000.
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Fig: 1 Study Area

Geology

Geologically, the Bangalore Metropolitan Region is
predominantly underlain by granites and gneisses
with pockets of schistose rocks and migmatites of
Archaean age. These gneisses are often found to be
intruded by basic dykes, pegmatite and aplitic veins
with a common occurrence of basic xenolithic
patches. Minor areas of charnokite occur in the far
southwestern part of the district, and there are some
small elongated bodies of amphibolites and schist’s
aligned along a north-south trend through the central
part. The dominant strike direction is northwest, with
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a subsidiary concentration of apparently mainly
smaller structures having an east northeasterly strike.
These hard rocks have undergone weathering and
chemical decomposition in the plains and valleys,
resulting in a weathered mantle ranging in thickness
from 10 to 30 metres generally. Laterites of
Palaeocene age are seen at places as cappings on
the gneisses in the northern and eastern parts of the
study area. Alluvium occurs as local patches along
the stream courses and nallahs, which is of limited
areal extent in nature and do not form as potential
aquifers. Geological map of the study area is given in
Fig 3.
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MAP SHOWING MAJOR TYPES OF INDUSTRIES

Fig: 2 Major industries on study area

Experimental: A total of 163 residents from the
surrounding villages, namely, Laggere, Dassarahalli,
Chokkasandra, Shivapura and adjacent areas like,
Jallahalli Cross, Rajagopalnagar and
Nelagadarenahalli  were given the WHO
guestionnaire as part of the health survey analysis.
Thirty residents from outside the industrial area,
formed the control group. Groundwater from bore
wells was collected from these locations. Sample
collection was done in clean, acid pre-washed, high
density  polythene  bottles. The  collection,
transportation and preservation were done according
to standard procedures. The various water quality
parameters, like pH, total dissolved solids (TDS),
alkalinity, total hardness (TH), calcium hardness,
magnesium hardness, chloride, nitrate and sulphate
were analyzed in the laboratory according to
standard procedures(APHA 2005).

Calculation of WQI: Water quality index was
calculated by weighted index method to determine
the suitability of groundwater for drinking purposes.
The index developed by Tiwari and Mishra (1985)
was used. In the present study nine water quality
parameters, namely, pH, alkalinity, TDS, Total
hardness, Ca hardness, Mg hardness, nitrate,
chloride and sulphate were considered for computing
WQI and the unit weight Wi of each parameter is
obtained depending upon its weightage, by adopting
the following formula

WQI = (2 qi Wi) / (ZWi)
Where qi = 100(Vi/Si)
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gpH = 100{(VpH — 7.0) / (8.5 — 7.0)}
Wi = K/Si
Where gi = Quality rating for the i™ water quality
parameters (i=1, 2, 3,....N)

Vi = the measured value of the i'" parameter at
a given sampling location
Si the standard permissible value for the i
parameter
The standard permissible values for various
pollutants for drinking water, recommended by WHO
are given in Table: 1- for the parameters considered
for WQI.
It is well known that the more harmful a given
pollutant is, the smaller is its permissible value for the
standard recommended for drinking water. So the
“weights” for various water quality parameters are
assumed to be inversely proportional to the
recommended standards for the corresponding
parameters i.e.; Wi = K/Si where Wi = unit weight for
the i" parameter and K = constant of proportionality.
For the sake of simplicity, assuming that K = 1, for
pH, assuming the same unit weight as that for
chlorides; viz., 0.005. The unit weight Wi, obtained
from the above equation with K = 1, are shown in
Table: 1
According to this Water Quality Index, the maximum
permissible value is 100. Values greater than 100
indicate pollution and are unfit for human
consumption.



Table 1 Permissible levels and unit weight of various
parameters
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Statistical Analysis: In order to correlate the effect
of water quality index on the quality of life of
residents living in the villages bordering the Industrial

Parameters :?ri?torg‘srsended Unit weight estate, personal interviews with the local public using
SF 36 questionnaire of WHO was used. The
guestionnaire was developed by WHO for measuring

pH 7.0-8.5 0.005 . ; . .
the quality of life based on 36 questions. The scoring

TDS 500 0.002 . .

i systems of all the questions were based on the likert
Calcium 75 0.0133 scale. The water quality index was determined based
Magnesium 50 0.02 on the water quality parameters (Table 2)._ The quality
T hardness 300 0.0033 pf .Ilfe score was obtalne_d by summing up the

_ individual score of 36 questions. All the responses of

Chloride 200 0.005 the questions were made uniform to obtain the

Nitrate 45 0.022 highest score which refers to the highest quality of life
and the lowest score to refer to the poor quality of

Sulphate 200 0.005 life. The Pearson correlation was performed to find

Alkalinity 200 0.005 the relationship between water quality index and

(All units except pH are in mg/l) quality of life.

Table 2 Water quality parameters

. Area . . .

Location pH Alkalinity | TDS TH Ca Mg Chloride | Sulphate | Nitrate

1 Rajagopainagar | 5 34 | 355 4224 | 1424 | 1416 | 1.944 | 393.3 216.4 49.6

2 Laggare 6.01 | 385 4256 | 1368 | 98 | 308.61 | 724.4 224.39 136.1

3 Laggare 7.88 | 670 2995 | 784 |142 | 156.01 | 501.1 67.57 84.9

4 Nelagadarahalli | g 15 | 599 1785 | 912 | 200 | 151.15 | 213.3 63.83 1.9

5 Shivapura 7.56 | 540 2135 [ 494 | 168 | 79.218 | 629.06 316.85 94.05

6 Chokkasandra | 751 | 7g5 1900 | 1050 | 542 | 123.44 | 411 321.77 99.7

7 Dasarahalli 85 | 225 1658 |96 |76 | 486 | 76.68 36.216 | 6.5

8 Jalahalli Cross | ¢ | 465 1384 | 1384 | 1046 | 82.134 | 208 56.148 | 141

Al units except pH are in mg/L

598




RESULTS

The results of the statistical analysis giving the
minimum, maximum and mean (SD) values of the
water quality parameters used in the calculation of
WQI and calculated values of WQI are presented in

Table 3

Table 3 Comparison of physico -chemical parameters

in study area

Variables Min-Max Mean + SD

pH 6-8.5 7.41+0.74
Alkalinity 225-670 379.45+£129.16
TDS 1384-4256 2223.48+945.05
T Hardness 96-1424 954.72+422.37
Ca Hardness 76-1416 559.07+459.37
Mg-Hardness 1.9-308.61 96.14+67.2
Chloride 76.7-724.4 334.31+£174.58
Sulphate 36.2-321.77 155.45+118.19
Nitrate 1.9-141 71.67+51.84
pyeter Quality | 49.21.400.94 | 266.79+117.26

4(All units except pH are in mg/L)
The pH of the groundwater samples in the villages
bordering the industrial area was between 6 and 8.5
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with a mean value of 7.41 within the BIS desired
limit.(6.5-8.5).The alkalinity values ranged from 225-
670mg/L,with an average of 379.45mg/L.

The TDS values varied between 1384 and
4256mg/L.The total hardness showed a minimum of
96 and a maximum of 1424 mg/L.The calcium
content in the groundwater varied between76 and
1416 mg/L.The magnesium levels were between 1.9
and 308.62 mg/L,with a mean value of
96.14mg/L.The chloride content ranged between 76.7
and 724.4 mg/L,with an average value of 334.31
mg/L.Sulphate in the groundwater samples was
between 36.2 and 321.77 mg/L with an average of
155.45 mg /L.The nitrate levels showed a minimum
value of 1.9 and a maximum of 141mg/L.The values
for the WQI ranged from 49.2 to 409.94. The
distribution of WQI pertaining to the villages
bordering the industrial area is given in Table 4

Table 4 Water quality Index in Industrial area

Water quality Number %
Index

<100.0 19 11.7
100.0-200.0 46 28.2
201.0-300.0 43 26.4
>300.0 55 33.7
Total samples 163 100.0

Table 5 The Correlation of groundwater quality index with quality of life based on WHO questionnaire

) Quality of life (WHO questionnaire score)
Water quality Index -

Number Min-Max Mean * SD
<100.0 19 100-128 116.42+8.98
100.0-200.0 46 50-117 87.89+18.46
200.0-300.0 43 43-121 83.23£19.05
>300.0 55 42-99 78.16+12.52
Total samples 163 42-128 86.71+19.54

®Quiality of life is significantly related to Water Quality Index, with higher quality of life associated with higher quality of

ground water with F=27.979; P<0.001**

DISCUSSION

The pH of the water gives an idea of the type and
intensity of pollution. The pH of the water affects
taste, corrosion, coagulation and disinfection
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processes. The pH was found to be within the BIS
desired limit (6.5-8.5) for all locations except location
1 and 2. Groundwater with low pH can cause gastro
intestinal disorders such as hyperacidity, ulcers,



stomach pain and burning sensation. pH values
below 6.5 cause corrosion of metal pipes, resulting in
the release of toxic metals such as lead, cadmium
copper etc. (Trivedy and Goel,1986).

The low pH levels in the effluents could be due to raw
materials such as corn, sorghum, enzymes, lactic
acid and yeast used by the food industries which in
turn affect the groundwater quality. It may also be
due to effluents from the electroplating and metal
industries located in the vicinity of the bore wells,
from the bordering villages. The low pH can be
related to the use of acid producing fertilizers like
ammonium sulphate and super phosphate of lime as
manure for agricultural use.

The alkalinity values at all locations were well above
the desired limit of BIS(200mg/L),which may be due
to decay of organic matter and weathering of rocks
and minerals (Asadi et al., 2007). The high value at
these locations is attributed to the effluents from the
pharmaceutical and drug industries which reach
these points due to the westerly slope of the area
(Fig:4).

BANGALORE METROPOLITAN REGION
GEOLOGY

N

Al

Fig: 3 Geology map of study area

TDS content is usually the main factor which limits or
determines the use of groundwater for any purpose
(Nordstrom 1987). All the samples showed values
greater than the desired limit of 500mg/L. TDS
concentration appears to be a useful indicator of
anthropogenic contamination, with an average value
of 585mg/L in industrial areas (Byoung et al., 2005).
Water with high total dissolved solids may induce an
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unfavorable physiological reaction in the transient
consumer and cause gastro-intestinal irritation.

TDS values as high as 4100mg/L in groundwater in
the study area has been reported by Shankar et al.
(2008). The highest value of 4256mg/L was recorded
by the groundwater sample from location 2, a dense
residential area outside the industrial estate. The
possible source of pollution could be seepage from
unlined sewage lines, domestic drains and leachates
from waste dumps. A report by Lakshmikantha
(2006) stated that water from bore well samples have
shown increased concentration of almost all physico
chemical parameters and can be attributed to the
proximity of industrial waste dump sites to these
sample points.

The mean value of total hardness was higher than
the desired limit (300mg/L) prescribed by BIS. The
total hardness ranged from 96-1424mg/L in the
samples. The maximum calcium and magnesium
concentrations were 1416 and 308.6 mg/L
respectively. The high degree of hardness in the
study area can definitely be attributed to the disposal
of untreated or improperly treated sewage and
industrial waste. The highest value of 1424mg/L for
total hardness was recorded at location
1.Remarkably high values were also seen at
locations 2,6 and 8.

The mean concentration of chloride was above the
desired limit of 250 mg/L with a maximum value as
high as 724.4 mg/L at location 2. Chloride in excess
imparts a salty taste to water and people who are not
accustomed to high chloride can be subjected to
laxative effects. The higher concentration of chlorides
can be attributed to the close proximity of these
locations to a number of industries like garments,
dyeing and printing, furnaces, glass, refractories and
ceramics thus indicating definite groundwater
contamination due to chlorides. Exceptionally high
values may also be due to the contamination from a
septic system, sewage and agricultural run-off.

High concentration of nitrate was observed at
locations 8 and 2 and may be due to contamination
from a septic system, sewage and agricultural run off
that can leach and enter into the groundwater. The
average value of sulphate was within desired
limits(200mg/L).The highest value was observed at
location 6 (321.77 mg/L).Use of large amount of
fertilizer and pesticide is the main source of non-point
pollution which increases the concentration of
sulphate.



Water Quality Index is calculated to determine the
suitability of water for drinking purpose. Eighty three
percent of the groundwater samples from the eight
locations showed a value greater than 100, (Table 4)
indicating that the water is unfit for human
consumption. Drainage map indicates a westerly
slope which can be correlated to high WQI values of
the samples that belong to the western part of the
study area.

The quality of life score was obtained by summing up
the individual score of 36 questions. All the
responses of the questions were made uniform to
obtain the highest score which refers to the highest
quality of life and the lowest score to refer to the poor
quality of life. The Pearson correlation was performed
to find the relationship between water quality index
and quality of life. The correlation coefficient, ‘r'’ was -
0.499 (p<0.001). It was observed from the statistical
analysis that the correlation was linearly and
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negatively related, with the lower water quality index
value significantly related to the higher quality of life
score. Explained variation in the relationship is
moderate indicating that water quality index is not the
only variable predicting the quality of life in humans.
However, there is a clear indication that the quality of
life is deteriorated when the water quality
deteriorates. About 25% variation (r2=0.248) in quality
of life is explained by the WQI.

As the water quality index value increases, the quality
of life is found to decrease. Table 5 (Fig 5 and 6). Fig
5 gives the trend based on mean value tested by
ANOVA. Fig 6 is based on the Pearson correlation.
The changes in the quality of life score in relation to
changes in water quality index>100 are minimal. This
indicates that significant changes in quality of life can
be achieved only if water quality index is brought
down below 100.
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CONCLUSION

The results indicate that most of the water quality
parameters were beyond the permissible limits in the
industrial area and its environs. The overall view of
the Water Quality Index of the present study zone
had a higher WQI value indicating the deteriorated
water quality. For any groundwater quality treatment
programme, the point of consideration is to bring the
water quality index below 100 so as to achieve good
quality of life. Therefore comprehensive sewerage
system for safe disposal of wastes should be
developed to safeguard groundwater quality in the
study area.
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