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Abstract: Groundwater pollution has been an issue of concern for environmentalists, since the pollution could
be hardly reformed. The best accepted option is to avoid the possibility of polluting the ground water sources.
Municipal solid waste, in developing nations projects a strong threat to this precious natural source of fresh
water. This study aims to detect the possibilities of ground water quality deteriorations due to the improper
solid waste dumping with special reference to heavy metal pollution. Since it is well established fact that the
heavy metal ions are potentially toxic to human health and could be quite detrimental for human life.
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INTRODUCTION it is a significant source of both urban and rural

Of all the natural resources, water is unarguably the wetland ecosystems [3]. The sources for ground water
most essential and precious. Life began in water and life supply mostly depend upon the rainfall and the resulting
is nurtured with water. There are organisms, such as percolation of the water in the earth, another important
anaerobes, which can survive without Oxygen. But no factor is the type and quality of the soil [4]. This resource
organism  can  survive for any length of time without is particularly favored for domestic purpose since it is if
water. It is a universal solvent and as a solvent it provides high quality  and  requires  little  treatment  before  use.
the ionic balance and nutrients, which support all forms of This is due to the fact that as the water percolates down
life [1]. through the soil and rocks, bacteria, fungi and other such

The amount of water on the planet earth is estimated biological pollutants are naturally filtered out or diluted
to  be  approximately  1388  million  billion  cubic  meters. [5]. The daily demand of drinking water of a man is
Of this total amount, major part 1348 million billion cubic normally 7% of his body weight. Thus it is vital for the
meters (97.3%) is constituted by the salt water in the healthy growth of the persons. But the same water may
oceans. Only 37.5 billion cubic meter (2.7%) water occurs become a hazard, a threat to the continuation of life if it
in the form of fresh water. Of this total fresh water, 28200 gets polluted with harmful or toxic substances [6]. Usually
thousand billion cubic meter (2.04%) is in the form of polar the ground water is considered as less polluted as
ice and glaciers, 8450 thousand billion cubic meter (0.61%) compared to the surface water, due to the reduced
as ground water and 127 thousand billion cubic meters in exposure to the external environment. But lack of
the form of lakes, rivers etc [2]. sanitation, improper waste management, have a potential

In India the major source of water used to meet the to spoil the purity of the ground water leading to
domestic, agricultural and industrial needs is the ground increased pollution levels, hence it has been reported that
water. Almost 61% of the needs are fulfilled with ground about 40% or even more disease outbreaks are attributed
water, 29% from canals, 5% from reservoir tanks and to be water borne in nature [7]. According to UNESCO
another 5% from other sources, in Maharashtra state the report a majority of Indian population has no access to
dependence on the ground water is still more reaching up safe drinking water and that about 66 million people rely
to about 65%. The ground water is defined as water that on un-safe ground water for consumption [8].
is found underground in cracks and spaces in soil, sand The usual and the most neglected cause of water
and rocks. This source has two distinct functions; firstly, pollution  is  uncontrolled  dumping  of   Municipal  Solid

population’s water supply and secondly it sustains many
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Waste (MSW). Infiltration of water by rainfall, water MATERIALS AND METHODS
already present in the waste, or water generated by
biodegradation, cause the leachate to leave the dumping
ground laterally or vertically and find its way into the
groundwater thereby causing contamination.

Open dumps unfortunately still mostly observed in
developing countries where the waste is dumped in
uncontrolled manner, can be detrimental to the urban
environment. The solid waste in most of the developed
nations  is  dumped  in  the  most  unscientific  manner.
The  solid  waste  dumped  is  heterogenous  in nature.
The municipal solid waste, in addition to biodegradable
waste such as cellulose, hemicelluloses, lignin, pectin,
starch, protein, lipids also possesses a variety of
chemicals like detergents, inorganic chemicals and
complex organic chemicals and metals. These components
are themselves very much toxic for the environment and
additionally uncontrolled microbial action may result in
release of more toxic elements which were not present in
a free or reactive form in the waste. In case of unplanned
dumping of the municipal solid waste, the longer
degradation time results in the longer retention of the
waste thereby increasing the chances of movement of
leachate down the ground to reach the ground water
sources and contaminating them. This solid waste
harbours a wide variety of microorganisms. In an open
uncontrolled landfill these microorganisms under
favourable growth conditions such as temperature,
moisture and availability and non-availability of oxygen
start performing innumerable enzyme mediated reactions
leading to decomposition of solid waste [9]. Especially
during monsoon the biochemical activities are at peak.
Biochemical reactions which result in the degradation of
the organic chemicals and formation of a liquid “leachate”.
This leachate being rich in organic content also solubilize
many heavy metals like lead, copper, zinc, manganese,
cadmium etc.

As a natural consequence this leachate, during rainy
days either percolates through the soil in land fill area to
underground water reservoirs or simply may drain off to
any surrounding water body if present. Theses heavy
metals do have a serious problem for the environment
since they cannot be biodegraded and remain in the
soil/water only and may affect humans and livestock [10].
In natural or uncontrolled conditions (traditional landfill
methods) solid waste does gets degraded, but the process
is usually anaerobic in nature which leads in formation
and release of green house gases (methane, CO etc.).2

Hence such degradation may lead in the further health
hazards by polluting the water bodies and atmosphere.

Water samples were collected from the dug wells and
bore wells, around the dumping site. The sampling
stations were at a minimum of 500 meters distance from
each other. The area selected was of about 2 Kms. Radius
from the dumping ground at Naregaon. The sampling
station was divided in core zone (approximately 1km.) and
buffer zone (area after the core zone).

The sampling was carried out in the mid of every
season  i.e.  Summer  (in  the  month  of May), Monsoon
(in the month of August) and winter (in the month of
December)  for  two  years.  The  samples  were  collected
in  the  sterile  polythene bottles of 1 liter capacity,
between 8.00 am to 11.00 am. During sampling all the
precautions were taken as per the standard guidelines, to
avoid any possible contamination. In case of dug wells
the samples were collected by lowering the bottle at depth
of about 1 foot below the surface and then opening the
cap to collect the water and for bore wells the tap was
fully opened and allowed to run to waste for about 5
minutes, then the sample was collected in the sterile
sampling bottles.

The   analysis    was    carried    out    at     the   Soil
and  water  testing  laboratory,  M  P  A  University,
Parbhani,  using  AAS  as  per  the  standard  guidelines
of APHA.

RESULTS

The  results  of  the  study  are  presented  in  the
Tables (No. 1, 2 and 3).

Copper: During summer 2007, the concentration of copper
in the groundwater samples from the core zone area were
maximum 0.009 mg/L at S1 and minimum 0.006 mg/L at S6.
It was 0.008 mg/L at S2, S3, S8 and S11 and 0.007 mg/L at
S4, S5, S9, S10 and S12. For the buffer zone samples it was
maximum 0.006 mg/L at S13, S14, S15 and S16 and was
minimum 0.004 mg/L at S19, S20 and S21. It was found to
be 0.005 mg/L at S17 and S18.

During monsoon 2007, for core zone water samples
copper was maximum 0.008 mg/L at S1 and S2 and
minimum 0.006 mg/L at S9 and S12. It was 0.007 mg/L at all
the other sampling stations S3, S4, S5, S6, S7, S8, S10 and
S11.  For  the  buffer  zone  samples  it  was  maximum
0.006 mg/L at S13 and minimum 0.003 mg/L at S20 and S21.
It was 0.005 mg/L at S14, S15, S16 and S17 and was found
0.004 mg/L at S18 and S19.
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Table 1: Concentration of metal ions in the ground water samples at Table 3: Concentration of metal ions in the ground water samples at
Naregaon dumping area at Aurangabad during summer 2007 Naregaon dumping area at Aurangabad during Winter 2007

Sample Cu Zn Cr Cd Sample Cu Zn Cr Cd
Core Zone S1 0.009 1.020 0.008 0.010 Core Zone S1 0.009 1.020 0.010 0.010

S2 0.008 1.020 0.009 0.009 S2 0.009 1.020 0.009 0.010
S3 0.008 1.010 0.010 0.009 S3 0.009 1.020 0.010 0.010
S4 0.007 1.010 0.009 0.009 S4 0.008 1.010 0.009 0.010
S5 0.007 1.000 0.009 0.010 S5 0.008 1.010 0.010 0.009
S6 0.006 0.900 0.008 0.010 S6 0.009 0.900 0.008 0.010

S 0.008 0.900 0.008 0.009 S 0.008 0.900 0.009 0.009
S8 0.008 0.900 0.007 0.008 S8 0.007 0.900 0.009 0.008
S9 0.007 1.010 0.007 0.008 S9 0.007 1.010 0.008 0.009

S10 0.007 1.000 0.007 0.009 S10 0.008 1.010 0.008 0.010
S11 0.008 0.900 0.006 0.009 S11 0.007 0.900 0.007 0.010
S12 0.007 0.900 0.008 0.008 S12 0.007 0.900 0.008 0.008

Buffer Zone S13 0.006 0.900 0.008 0.007 Buffer Zone S13 0.006 0.900 0.007 0.007
S14 0.006 0.800 0.007 0.007 S14 0.006 0.900 0.007 0.007
S15 0.006 0.800 0.006 0.006 S15 0.005 0.700 0.007 0.007
S16 0.006 0.700 0.005 0.005 S16 0.006 0.800 0.007 0.006
S17 0.005 0.800 0.005 0.005 S17 0.006 0.800 0.006 0.005
S18 0.005 0.700 0.004 0.006 S18 0.005 0.700 0.005 0.006
S19 0.004 0.600 0.000 0.007 S19 0.005 0.600 0.001 0.007
S20 0.004 0.500 0.002 0.003 S20 0.005 0.500 0.004 0.004
S21 0.004 0.5 0.002 0.003 S21 0.005 0.500 0.004 0.004

Average 0.0065 0.8510 0.0064 0.0075 Average 0.0069 0.8571 0.0073 0.0079
S.D. 0.0015 0.1665 0.0026 0.0021 S.D. 0.0015 0.1678 0.0023 0.0020
S.E. 0.0003 0.0363 0.0006 0.0005 S.E. 0.0003 0.0366 0.0005 0.0004
% C.V. 22.70 19.57 40.73 28.57 % C.V. 21.43 19.57 31.34 25.90

Table 2: Concentration of metal ions in the ground water samples at
Naregaon dumping area at Aurangabad during Monsoon 2007

Sample Cu Zn Cr Cd
Core Zone S1 0.008 1.01 0.009 0.009

S2 0.008 1.01 0.008 0.008
S3 0.007 1.01 0.009 0.008
S4 0.007 1 0.008 0.009
S5 0.007 1 0.009 0.009
S6 0.007 0.9 0.007 0.009

S 0.007 0.8 0.008 0.008
S8 0.007 0.8 0.008 0.007
S9 0.006 1 0.006 0.007

S10 0.007 1 0.007 0.008
S11 0.007 0.9 0.006 0.008
S12 0.006 0.8 0.007 0.007

Buffer Zone S13 0.006 0.8 0.006 0.006
S14 0.005 0.8 0.006 0.006
S15 0.005 0.7 0.006 0.005
S16 0.005 0.7 0.005 0.004
S17 0.005 0.7 0.004 0.004
S18 0.004 0.6 0.003 0.005
S19 0.004 0.6 0 0.006
S20 0.003 0.4 0.001 0.002
S21 0.003 0.4 0.001 0.002

Average 0.0059 0.8062 0.0059 0.0065
S.D. 0.0015 0.1925 0.0027 0.0022
S.E. 0.0003 0.042 0.0006 0.0005
% C.V. 25.63 23.88 45.73 33.45

During winter 2007, the copper content in the core
zone groundwater samples was estimated to be maximum
0.009 mg/L at S1, S2, S3 and S6 and minimum 0.007 mg/L
at S8, S9, S11, S12. It was found to be 0.008 mg/L at S4, S5,
S7 and S10. For the buffer zone samples it was maximum
0.006  mg/L  at  S13,  S14,  S16  and  S17  and  minimum
0.005 mg/L at S15, S18, S19, S20 and S21.

During summer 2008, for the core zone ground water
samples copper was maximum 0.010 mg/L at S1, S2, S3, S4,
S6 and S7 and minimum 0.008 mg/L at S8, S9 and S12. It
was estimated to be 0.009 mg/L at S4. S5, S10 and S11. For
the samples collected at the buffer zone area it was
maximum 0.007 mg/L at S13, S14, S16, S20 and S21 and
minimum 0.006 mg/L at S15, S17, S18 and S19.

During monsoon 2008, the concentration of copper in
the groundwater samples collected at the core zone area
was maximum 0.20 mg/L at S1, S2, S3, S6 and S7 and
minimum 0.009 mg/L at S8, S9 and S12. It was estimated to
be 0.010 mg/L at S4, S5, S10 and S11. For the buffer zone
samples it was maximum 0.009 mg/L at S20 and minimum
0.006 mg/L at S18. It was found to be 0.008 mg/L at S13,
S16 and S21, 0.007 mg/L at S14, S15, S17 and S19.

During winter 2008, in the core zone samples the
copper content was maximum 0.30 mg/L at S1, S2, S3, S6
and   S7   and   was  minimum  0.010  mg/L  at  S8   and  S9.
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It was recorded 0.020 mg/L at S4, S5, S10 and S11. For the ground  water  samples it was recorded a maximum of
buffer zone samples it was maximum 0.010 mg/L at S20 and 1.030  mg/L at S14 and S15 and a minimum of 0.800 mg/L
S21 and was minimum 0.007 mg/L at S18. It was 0.009 mg/L at S21. It was 1.020 mg/L at S13, 1.010 mg/L at S16, S17
at S13 and S16, 0.008 mg/L at S14, S15, S17 and S19. and S18.

Zinc: During summer 2008, for core zone water samples Chromium: During summer 2007, in the core zone
concentration of zinc was maximum 1.020 mg/L at S1 and groundwater samples chromium content was estimated to
S2 and minimum 0.900 mg/L at S6, S7, S8, S11 and S12. It be maximum 0.010 mg/L at S3 and minimum 0.006 mg/L at
was found 1.010 mg/L at S3, S4 and S9 and 1.00 mg/L at S5 S11. It was estimated to be 0.008 mg/L at S1, S6, S7 and
and  S10.  For  the  buffer  zone  area  it  was  maximum S12, 0.900 mg/L at S2, S4 and S5, 0.007 mg/L at S8, S9 and
0.006  mg/L  at  S13,  S14,  S15  and  S16  and  minimum S10. For the buffer zone samples it was found to be
0.004  mg/L  at  S19,  S20 and  S21.  It  was  found to be maximum 0.008 mg/L at S13 and minimum 0.00 mg/L at S19.
0.005 mg/L at S17 and S18. It was estimated to be 0.007 mg/L at S14, 0.006 mg/L at

During monsoon 2007, the zinc levels in the S15,  0.005  mg/L  at  S16  and  S17,  0.004  at  S18  and
groundwater from core zone area was maximum 1.010 mg/L 0.002 mg/L at S20 and S21.
at S1, S2 and S3 and minimum 0.800 mg/L at S7, S8 and During monsoon 2007, the chromium content in the
S12. It was recorded 1.00 mg/L at S4, S5, S6, S9 and S10, core  zone groundwater samples was found maximum
0.900 mg/L at S6 and S11. For the buffer zone groundwater 0.009 mg/L at S1, S3 and S5 and was minimum 0.006 mg/L
samples it was maximum 0.800 mg/L at S13 and S14 and at S9 and S11. It was recorded to be 0.008 mg/L at S2, S4,
minimum  0.400  mg/L  at  S20  and  S21.  It  was  found S7 and S8, 0.007 mg/L at S6, S10 and S12. For the buffer
0.700 mg/L at S15, S16 and S17, 0.600 mg/L at S18 and S19. zone groundwater samples it was estimated to be

During winter 2007, for the core zone samples the zinc maximum 0.006 mg/L at S13, S14 and S15 and minimum
level was maximum 1.020 mg/L at S1, S2 and S3 and 0.000 mg/L at S19. It was found to be 0.005 mg/L at S16,
minimum 0.900 mg/L at S6, S7, S8, S11 and S12. It was 0.004 mg/L at S17, 0.003 mg/L at S18 and 0.001 at S20 and
estimated to be 1.010 mg/L at S4, S5, S9 and S10. For the S21.
buffer zone samples it was maximum 0.900 mg/L at S13, During winter 2007, in the core zone water samples
S14  and  minimum  0.500  mg/L  at S20 and S21. It was the chromium content was maximum 0.010 mg/L at S1, S3
0.700 mg/L at S15 and S18, 0.800 mg/L at S16 and S17, and S5 and it was minimum 0.007 mg/L at S11. It was
0.600 mg/L at S19. estimated to be 0.009 mg/L at S2, S4 and S7, 0.008 mg/L at

During summer 2008, for the groundwater sample S6, S9, S10 and S12. For the buffer zone samples it was
collected at the core zone area was maximum 1.030 mg/L at estimated to be maximum 0.007 mg/L at S13, S14, S15 and
S1, S2  and  S3  and  minimum 0.900 mg/L at S11 and S12. S16 and minimum 0.001 mg/L at S19. It was 0.006 mg/L at
It  was  found  to  be  1.010  mg/L at S4, S6, S7 and S8, S17, 0.005 mg/L at S18, 0.004 mg/L at S20 and S21.
1.020 mg/L at S5, S9 and S10. For the buffer zone samples During summer 2008, the chromium content of the
it was found maximum 0.900 mg/L at S13, S14, S16 and S17 groundwater sample in the core zone samples was
and minimum 0.700 mg/L at S20 and S21. It was recorded maximum 0.020 mg/L at S1 and minimum 0.008 mg/L at S11.
0.800 mg/L at S15, S18 and S19. It was recorded to be 0.010 mg/L at S2, S3, S4, S5, S7 and

During monsoon 2008, the zinc level in the core zone S8, 0.009 mg/L at S6, S9 and S10. For the buffer zone area
water samples was maximum 1.050 at S1 and minimum it was maximum 0.008 mg/L at S13, S14, S15, S16 and S21
1.010 mg/L at S11. It was estimated to be 1.040 mg/L at S2 and was minimum 0.003 mg/L at S19. It was estimated to
and S9, 1.030 mg/L S3, S5 and S10, 1.020 mg/L at S6, S7, S8 be 0.007 mg/L at S17, 0.006 mg/L at S18 and S20.
and  S12. For the buffer zone samples it was maximum During monsoon 2008, the concentration of chromium
1.020 mg/L at S16 and S17 and was minimum 0.700 mg/L at in the groundwater samples from the core zone area was
S21. It was 1.010 mg/L at S13, S14 and S15, 0.900 mg/L at maximum 0.040 mg/L at S1 and 0.009 mg/L at S11. It was
S18 and S19 and 0.800 mg/L at S20. recorded as 0.030 mg/L at S2 and S3, 0.020 mg/L at S4, S5,

During winter 2008, the zinc concentration in the S7 and S8, 0.010 mg/L at S6, S9, S10 and S12. For the
groundwater samples from the core zone area was buffer zone samples it was found maximum 0.009 mg/L at
maximum 1.060 mg/L at S1 and S9 and minimum 1.030 mg/L S13,  S14,  S15 and  S16  and  minimum 0.005 mg/L at S19.
at S6, S8, S11 and S12. It was found to be 1.050 mg/L at S2, It was estimated to be 0.007 mg/L at S17, S18 and S19 and
S3 and S10, 1.040 mg/L at S4, S5 and S7. For the core zone was 0.008 mg/L at S20.
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During winter 2008, for the core zone groundwater During  winter  2008,  the  concentration  of  cadmium
samples the chromium content was maximum 0.050 mg/L
at  S1  and  minimum 0.010 mg/L at S11 and S12. It was
0.040 mg/L at S2, S3 and S4, 0.030 mg/L at S5, S6 and S7,
0.020 mg/L at S8, S9 and S10. For the buffer zone
groundwater  samples  it  was recorded a maximum of
0.010 mg/L at S13, S14, S15 and S16 and a minimum of
0.007 mg/L at S21. It was estimated to be 0.008 mg/L at S17
and S18, 0.006 mg/L at S19 and was 0.009 mg/L at S20.

Cadmium: During summer 2007, in the core zone
groundwater samples cadmium content was maximum
0.010 mg/L at S1, S5 and S6 and minimum 0.008 mg/L at S8,
S9 and S12. It was recorded 0.009 mg/L at S2, S3, S4, S7,
S10 and S11. For the buffer zone samples it was found to
be maximum 0.007 mg/L at S13, S14 and S19 and was
minimum 0.003 mg/L at S20 and S21. It was estimated to be
0.006 mg/L at S15 and S18, 0.005 mg/L at S16 and S17.

During monsoon 2007, cadmium value in the core
zone groundwater samples was maximum 0.009 mg/L at S1,
S4, S5 and S6 and was minimum 0.007 mg/L at S8, S9 and
S12. It was found to be 0.008 mg/L at S2, S3, S7, S10 and
S11. For the buffer zone samples it was found maximum
0.006 mg/L at S13, S14 and S19 and minimum 0.002 mg/L at
S20  and  S21.  0.005  mg/L  at  S15  and  S18  and  was
0.004 mg/L at S16 and S17.

During winter 2007, cadmium level in the groundwater
samples from the core zone area was maximum 0.010 mg/L
at S1, S2, S3, S4, S6, S10 and S11 was minimum 0.008 mg/L
at  S8.  It  was  found to be 0.009 mg/L at S5, S7 and S9.
For the buffer zone samples it was maximum recorded
0.007 mg/L at S13, S14, S15 and S19 and was minimum
0.004  mg/L  at  S20  and  S21.  It  was  estimated  to  be
0.006 mg/L at S16 and S18 and was 0.005 mg/L at S17.

During summer 2008, for the core zone water zone
water samples the cadmium level was maximum 0.030 mg/L
at S4 and minimum 0.009 mg/L at S8 and S12. It was found
to be 0.020 mg/L at S1, S2, S3, S6, S10 and S11 and was
0.010 mg/L at S5, S7 and S9. For the buffer zone area it was
maximum 0.009 mg/L at S15, S18 and S19 and was minimum
0.007 mg/L at S17, S20 and S21. It was estimated to be
0.008 mg/L at S13, S14 and S16.

During monsoon 2008, the cadmium level in the
groundwater samples in the core zone area was maximum
0.050 mg/L at S4 and minimum 0.010 mg/L at S8. It was
estimated  to  be  0.040  mg/L  at  S1,  S2,  S10  and  S11,
0.030 mg/L at S3, S6 and S7, 0.020 mg/L at S5 and S9 and
was 0.010 mg/L at S12. For the buffer zone samples it was
maximum 0.010 mg/L at S15 and S16 and was minimum
0.006 mg/L at S21. It was recorded as 0.009 mg/L at S13,
S14 and S17, 0.008 mg/L at S18, S19 and S20.

in  the  groundwater  samples   collected   at   the  core
zone  area  it  was  found a  maximum  of  0.060  mg/L  at
S4 and a minimum of 0.020 mg/L at S8 and S12. It was
found to be 0.050 mg/L at S1, S2, S3 and S11, 0.030 mg/L
at S5 and S9, 0.040 mg/L at S6, S7 and S10. For the
groundwater samples collected in the buffer zone area the
maximum value was 0.020 mg/L at S15 and S16 and
minimum value was 0.007 mg/L at S21. It was estimated to
be 0.010 mg/L at S13, S14 and S17, 0.009 mg/L at S18, S19
and S20.

DISCUSSION

From the obtained results it was evident that at
present the metal ion concentration is not at the levels
which could be hazardous for humans. But still the study
clearly points out that the concentration of the metal ions
is increasing with respect to the vicinity to the dumping
site and continued practice of waste dumping in the
similar way may result in further increments of metal ions
aggregation and pollution of groundwater sources, hence
precautionary measures should be immediately taken to
avoid the consequences.
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