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Abstract : The current research examined the level of groundwater contamination near a municipal landfill site
in Mohali, Punjab. Water quality parameters (physico-chemical and heavy metals) of leachate and groundwater
samples were analyzed. The mean concentrations of all measured parameters except TDS, Chloride, alkalinity,
Hardness, Nitrate and Heavy metals confirm to the stipulated World Health Organization water standards and
B.LS Standard for Drinking Water Quality. The current results show significant impact of the landfill operations
on the groundwater resource. The existing soil stratigraphy at the landfill site consisting of clays and silty clays
have significantly influenced natural attenuation of leachate into the groundwater resource. It is however observed
that in the absence of a properly designed landfill and leachate collection system, uncontrolled accumulation of
leachates at the base of the landfill pose potential contamination risk to groundwater resource. The research
recommends an upgrade of the non-engineered landfill to a standard that would guarantee adequate protection

of both the surface and the groundwater resources in the city.
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INTRODUCTION

Groundwater is an important source of
drinking water for most of the World’s population
and the proper assessment of groundwater quality
has not been given due consideration due to which
water borne diseases have become very common.
About 80 percent of the diseases in the world are
the result of poor quality of drinking water®,
Thousands of drinking water wells across the USA
have already been shut down due to the
contamination from landfills ™.

Today, the disposal of wastes by landfilling
is the ultimate fate of all the solid wastes such
dumping of waste in a non-engineered landfill site
usually leads to the generation of Leachate which
poses a significant threat to water
resources.Leachate contains high concentration of
organic and inorganic contaminants and if it is not
properly treated and safely disposed, it could
become a potential source of surface and
groundwater contamination as it may percolate
through soils and sub soils . Landfills have been
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identified as one of the major threats to
groundwater resources. There are many instances
where leachate interact and mix with aquifers.
There are instances where the groundwater
transport pollutants up to a distance of 1000 m
from the landfill site (Christensen et al.*).

MATERIAL AND METHODS

The main objective of the study is to assess
the impact of leachate percolation on Groundwater
Quality from the unlined landfill site located in
Mobhali.

Site Specification

Mohali is a city adjacent to Chandigarh,18th
District in Punjab, India. Mohali is geographically
located at 30° 78N and 76° 69°E on the map of
the World. Following the success of Chandigarh’s
sector design, Mohali city was similarly planned
and Mohali houses many state-local companies
like PTL (Punjab Tractor Limited), ICI Paints, and
the Godrej Group, Quark, Philips, Sebiz Infotech,
as a home for large, multinational corporations.
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There is an increase in the spurt of industries which
in turn also increase the environmental pollution
due to emissions and waste generated from these
industries. The landfill site in Mohali is non-
enginecred open dump. The land on which the
waste is dumped was historically productive
agricultural land located on the side of Patiala ki
Rao seasonal rivulet. Dumping site spreads over
an area of approximately 3 Kilometre square. The
landfill site, sector 74, lies in the vicinity of
Industrial Area of Mohali, so there is a possibility
of the presence of toxic contaminants in the soil
and the ground water because before the set up of
Common hazardous waste dumping site in
NIMBUA, Derabassi, industrial waste was
dumped along with the general municipal solid
waste.

Sampling

In an effort to study the extent of the
groundwater contamination, A total of 9 samples
of groundwater were collected representing
Shallow (Sample No. 2,3,5,6,7,8) and Deep
groundwater (Sample No. 1,4,9) within an area of
2 km of landfill site. Similarly, Samples for
Leachate Characterisation were collected from two
different locations (L-1, L-2). L-1 is 50m away
from site and L-2 collected onsite. All the samples
were sealed at site to avoid any change in chemical
character due to time lapse between sample
collection and laboratory analysis. Samples
collected from each sampling site was used for
the analysis of major physico-chemical parameters
viz. pH , EC , Temperature , Colour, Chlorides,
COD, Nitrate-N, Ammonical-N, Phosphate,
Alkalinity, Hardness, Ca, Mg, SO4* | F-, Sodium,
Potassium, Aluminium, Bromine and Heavy
Metals viz. Lead, Nickel , Iron, Copper, Zinc. The
analysis of the water samples was done as per the
guidelines given in APHA'! 1994.The Physico-
Chemical parameters were determined by using
UV Double Beam 2203 Spectrophotometer
(Systronic). The amount of Pb, Cu, Zn, Al, Br,
Na, K, Fe and Ni were determined using
Photometer by Merck, Spectroquant Nova 60 .

RESULTS
Groundwater Characterization

The groundwater of the site is mainly used
for Domestic purposes. Analysis results of water
samples drawn from various locations reveal that
waters occurring at different depth are neutral in
nature with pH ranging from 7 to 8 (Fig.1).The
Electrical Conductivity of these water ranged from
688 uS/cm to 1317 uS/cm at 25°C.
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Fig. 1: pH range in various samples

Where,

D.T.W- Deep Tube well (depth 350 mbgl / 1150
feet)

H.P — Hand pump (depth 40 feet to 100 feet )

The high conductivity values obtained from
the hand pump near the landfill site in an area of
S0metres is an indication of the effect of the site
on the water quality. The range of TDS at all sites
fall between 440 to 1070 ppm. The TDS was found
to be remarkably high at sites 2,3,5,8,9 As per the
classification of Rabinove?' . based on TDS ,
Sample no. 2 is found to be Slightly saline and
rest all non- saline. The high value of TDS may
also be due to the leaching of various poliutants
into the groundwater. An excess of chloride is
usually taken as an index of pollution and
considered as tracer for groundwater
contamination .The concentration of Chloride in
the groundwater samples varied from 50 mg/1 to
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229 mg/l. All the samples crossed the desirable
limit of the alkalinity. In comparison to deep
tubewell samples, hand pump waters were found
to be more alkaline.

TH is normally expressed as the total
concentration of Ca and Mg in mg/l, equivalent
of CaCO3 and its concentration varied from 440
mg/l to 860 mg/l. Twort et.al" classified the water
with respect to total hardness as shown in table 1.
As per the classification 100% of the samples fall
in the category of very hard water.

Table 1. Classification of Samples According to TH

by Twort"
Description Total Samples in this
Hardness categor
my/|
Soft <73 -
Moderately 75-150 -
hard
Hard water 150- 300 -
Very hard >300 123456789

Calcium concentrations in the groundwater
ranged from 52mg/1 to 208mg/l, with the
minimum level of calcium occurrence in D.T.W
and 90% of the hand pumps have calcium value
exceeding the permissible limit of 75mg/l (Fig.
2).
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Fig. 2 : Concentration of Calcium and Magnesium
in various samples
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Fluoride concentration was found to be
below detectable levels in the samples. The
maximum permissible limit of nitrate
concentration in water for various purposes
especially for drinking is 45 mg/L according to
WHO? (1998). The data reveal that the
groundwater from H.P 8 contains high level of
nitrate (78.25 mg/l), which is not within
permissible limits for drinking purposes. The
PO * concentration of groundwater samples were
found in concentration exceeding 0.10mg/l and
the range of sulphate varied from 36mg/l to
121.12mg/l. BOD values were found to be less
than 2mg/1 except in HP-2,3 which was 2.54 mg/
1 and 2.89mg/] respectively. The COD level in
the groundwater samples varied from 4 to 36 mg/
1, indicating the presence of organic contaminants
in the water and can be used as organic indicators
to assess the groundwater pollution caused by
landfill.

The level of pollution with heavy metals of
groundwater is high (Figure- 3). The Nickel
concentration is above 0.02mg/l (WHO,BIS limit)
in all the samples. The lead standard value
0.05mg/1 in IS: 10500-1991 is used as a tolerable
limit for drinking water. The highest lead
concentrations 2.72mg/l, 2.24mg/l were in
shallow groundwater of residential area near
landfill and industrial area respectively (Figure
4). The WHO and B.LS permissible level of iron
(0.3 mg/l) is exceeded in more than 70% of the
samples. Iron levels range from 0.01 to 3.57mg/l
in the sampled wells. D.T.W samples range lics
within the permissible limit while for hand pumps
it exceeded significantly. Except in Deep Tube
wells, no. 1 and 4, rest of the hand pump samples
exceeded the desirable limit for copper (Figure -
3). High concentrations of heavy metals ,namely,
Ni, Cu, Pb, Fe were found to be above the
desirable limits , which can be hazardous for
health. It also indicates that the contamination
have seeped down up to certain depth of 150 feet
where as the tube wells with depth more than 1000
feet are safe from the contamination.
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Fig 3 : Concentration of Heavy metals (Pb, Fe, Ni,
Zn, Cu) in Groundwater.

Leachate Characterization

The leachate having pH value between 5 and
7 indicates lower pH which occurs during the
hydrolysis and acidification phase. Electrical
Conductivity (EC) highest value is obtained at the
Second site with the value of 1819 uS/cm which
indicates the presence of inorganic material in the
samples. The concentrations of Total Dissolved
Solids (TDS) between these leachates showed
different values (Figure -4). The greatest
concentration content of 1250ppm is measured
at the L-2, whereas the lowest concentration
content of 490ppm is measured at the first site.
Acidity and Alkalinity were within range of 115-
135mg/l at L-1 and 550 — 580mg/I at L-2
respectively. The Fluoride concentrations
measured were B.D.L (below detectable limit) i.e.
in both the samples they were below 0.10mg/1.
High CI- content of 634.8 mg/l was measured at
L-2. The concentration of nitrogenous compounds
indicates the occurrence of extensive anaerobic
bacterial activities. The concentration of
ammonical - N for the L-1 is 1.05 mg/| and the L-
2 is 3.09 mg/l. Among all the cations analysed,
Na and Ca showed high concentration levels in
the landfill leachate. The highest concentration
of Na*was measured at L-2 with 133 mg/I.
Aluminium and Bromine were determined to be
in high concentration at L-2 site. The
concentration of Aluminium in the studied
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samples was 0.04 mg/l at L-1 and >0.12mg/1 at
L-2. Similarly Bromine is 0.35 at L-1 site and
1.19 mg/1 at L-2.

The BOD/COD ratio tends to decrease as
the age of leachate increases, varying from 0.5
for a relatively “fresh” leachate to 0.2 for an older
(more stabilized) one. BOD/COD ratio was found
to be 0.48 which indicates relatively fresh leachate
as the landfill site is < Syears old.
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Fig.4 : Concentrations of pH, EC, Chloride, TH,
TDS, Alkalinity, Sulphate, Nitrate and COD

The high concentration of Zn was found in
L-2 with a value of 2.56mg/l where as in L-1 Zn
is present in negligible amount. So, high concen-
tration of Zn in L-2 might have leached down
from the waste. The results of Ni and Cu for L-2
are higher than the results obtained from L-1. The
Ni and Cu concentration both are in the range of
0.13 and 0.56 repectively as shown in fig. 5.

Suitability of water for drinking Purpose

India and WHO has recommended desirable
and permissible limits for chemical constituents
that are essential or toxic to human health.
Comparison of concentration values obtained for
various constituents analysed in water samples
from the area, with these recommended
concentration limits, it is found that values for
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Fig. 5 : Concentration of Heavy metals
(Pb, Zn, Ni ,Cu , Fe) in leachate.

mainly all the constituents are above the
permissible levels.

In case of heavy metals, the concentration
of all the determined metals Pb, Ni, Cu, Fe is
above the desirable limit except Zinc. In case of
Iron and Copper, Samples from D.T.W -1 and
D.T.W -4 are within the desirable limit of less
than 0.3mg/1 for Iron and 0.05 for Copper as per
the specification of B.L.S . In each unit however,
lead concentrations are greater than 0.05 mg/l
have been recorded for the water sampled from
wells, hand pumps indicating the existence of
contamination. On contrary, the samples obtained
from hand pumps have crossed the prescribed
limits and are not safe for domestic purposes.

Effect of Depth and Distance

The Extent of contamination of groundwater
Quality due to leachate percolation depends upon
a number of factors like leachate composition,
rainfall, depth and distance of well from the
pollution source, the landfill site in the present
case.

Water samples selected from shallow as well
as deeper depth were analyzed for this study.
Though no water contamination was found in the
samples collected from two deep tube wells whose
depth is 1150feet , most of the parameters were
within the permissible limits as compared with
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B.1.S and WHO drinking water standards where
as the samples collected from the Hand pumps
varying from depth of 50 feet to 150 feet have
shown significant contamination level (Table- 3),
which clearly indicates that water at shallow depth
are much more contaminated which may be due
to the seepage of landfill leachate .

Table 3 : Comparison of Samples collected from
different Distance and Depth

Para- Site | Site3 | Site5at | Sie?2 BIS
meters (at 60 (at 3 1000m, (at 10500
metres. m, depth 1000m 1991
(mg/1) depth | depth | 30feet) | .depth  (Desirab
1150 ft) | 30 feet 1200 le)
) feet)
EC 668 1096 1017 745
uS/em
Cl- 50 219 125 62 250
| TH 440 660 700 480 300
e 56 164 128 62 | 715
Mg 729 608 924 04 30
TDS 440 860 670 485 -
Iron 003 357 0.24 001 03
Lead 0254 | 1784 | 1914 | 010 00s

Similarly, when the water quality of the wells
situated at different distances from the landfill site
but having the same depth was compared.
Groundwater samples collected from the wells
situated close to the landfill and towards the
western side (sample 9.)are found to be more
contaminated than that of the well situated farther
away from the site.

It obviously follows the fact that the
Gravitational movement of the viscous fluid,
leachate is hindered due to the mass of solid soil
matter.

REMEDIAL MEASURES

Strictly speaking, one should avoid using
groundwater drawn from hand pumps located in
close proximity of the waste dumping site. If this
is unavoidable, deeper drilling and frequent
analysis of water samples are desirable. Efforts
should be made to supply clean water through
pipelines from distant sources. Moreover, the site
remediation techniques like various physic-
chemical,  biological  methods  and
Phytoremediation techniques may be applied to
rectify the same.

Mohali landfill site is non-engineered
landfill. It is neither having any bottom liner nor
any leachate collection and treatment system.
Therefore, all the leachate generated finds its path
into the surrounding environment. This study
emphasizes the need for periodical monitoring of
Groundwater to assess its suitability for drinking
purposes and to avoid further deterioration by
setting up of sanitary landfill, having the provision
of proper landfill gas and leachate collection
system. Efforts should be made to convert the
existing open dumps into the sanitary landfills.

CONCLUSION

India is one of the developing country
suffering from water pollution. Landfill is one of
the source of water pollution. There are several
boreholes located close to Mohali landfill used
for drinking water. A study of composition of
landfill leachate and groundwater pollution was
conducted at Mohali landfill and following
statements can be concluded from the study
conducted.

The low resistivity observed in groundwater
is mainly due to the presence of contaminant
metals such as Fe, Cu, Pb and Zn along with
leaching of cations and anions like potassium,
chloride, sodium, bicarbonate, sulphates etc., So,
there is an impact on ground water contamination
due to migration of landfill leachate . The
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resistivity values of the shallow aquifer zones
shows that there is inorganic pollution in the
ground water at the shallow level.

The high concentration of EC, CI', Nitrate, Na*,
TH, Ammonical Nitrogen, in groundwater near landfill
deteriorates its quality for drinking and other domestic
purposes. The groundwater quality improves with the
increase in depth and distance of the water from the
pollution source. Although the concentrations of few
contaminants do not exceed drinking water standard
like F-, Na, K, Phosphate etc even then the groundwater
quality represent a significant threat to public health.

Further, the presence of heavy metals (Pb,
Ni, Cu, Fe, Zn). Pb, Fe, Zn and Ni to be noted as
outstanding elements which were found to be in
abundance. In more than 85% of the samples have
been reported above the prescribed limit while rest
are within the permissible limits as per WHO and
BIS drinking water standards. The presence of
heavy metals clearly indicates the presence of
inorganic contaminants in water.

Looking at the present status it can be
concluded that the ground water contamination
level is on the verge to surpass the permissible
limits. Mohali Administration should make efforts
to control this deterioration and also to comply
with the statutory requirements.
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