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Abstract

The paper discusses the effect of age and seasonal variations on leachate characteristics of leachate generated from municipal solid
waste (MSW) landfill site of Ludhiana City, Punjab (India). Leachate samples were collected and analyzed for various physico-
chemical parameters to estimate its pollution potential. MSW landfill site is non-engineered low lying open dump. It has neither any
bottom liner nor any leachate collection and treatment system. Therefore, all the leachate generated finds its paths into the
surrounding environment. The landfill site is not equipped with any leachate collectors. Leachate samples were collected from the
base of solid waste heaps where the |eachate was drained out by gravity. It has been found that |eachate contains high concentrations
of organic and inorganic constituents beyond the permissible limits. While, heavy metals concentration was in trace amount as the
waste is domestic in nature. The data presented in this study indicated that with the passage of time and with seasonal variations
particularly during rainy season values of various parameters increased, reason being with time the solid waste material degraded
and the waste constituents percolated down along with rainwater. Thus, the age and seasonal variations has a significant effect on
leachate composition. Indiscriminate dumping of MSW without proper solid waste management practices should be stopped or some
remedial measures were required to be adopted to prevent contamination.

Index Terms. Municipal solid waste, Landfill, Leachate, Organic and Inorganic constituents
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1. INTRODUCTION

India, the world’s second highest populated countigh
population exceeding a bilion and one of the fiste
urbanizing countries, is a land of physical, climat
geographic, ecological, social, cultural and lirsjigi diversity.
India currently is facing a municipal solid wastigechma, for
which all elements of the society are responsiblbe
community sensitization and public awareness is [bere is
no system of segregation of organic, inorganic r@ayclable
wastes at household level. There is an adequatel leg
framework existing in the country to address MSWiVhat is
lacking is its implementation. In spite of a strmg legislation
in place, open dumping is the most wide spread fofmaste
disposal. The possible reasons for poor implemiemtatould
be a combination of social, technical, institutiorend
financial issues. Public awareness, political wailld public
participation are essential for the successful @m@ntation of

day by day. As the limits of urbanization are extiag to far
flying areas in India, the problem of solid wastarmagement

is causing a great concern to our environment. MSW
generation, in terms of kg/capita/day, has showpositive
correlation with economic development at world sec&@lue to
rapid industrial growth and migration of peoplenfrwillages

to cities, the urban population is increasing rhpidVaste
generation has been observed to increase annually i
proportion to the rise in population and urban@atiThe per
capita generation of MSW has also increased tremesigl
with improved life style and social status of hapulations

in urban centers [1]. As more land is needed ferutimate
disposal of these solid wastes, issues relatedsfmosial have
become highly challenging [2]. Seeing the scenafimcrease

in generation, improper utilization and disposalhafste in the
country, the Ministry of Environment and Forest @) has
implemented Municipal Solid Waste (Management and

the legal provisions and to have an integrated cmbr
towards sustainable management of municipal sotidtes in
the country. Management of Municipal Solid WagtdsSW)
continues to remain one of the most neglected avkasban
development in India. With the rapid industrialinat and
population growth, the status of our environmerdagrading

Handling) Rules, 2000 [3], which states that Mupéti Solid
Waste (MSW) is commercial and residential wastewgsed
in a municipal or notified areas in either solid semi-solid
form, excluding industrial hazardous wastes butluidiog
treated biomedical wastes. These solid wastes amnerglly
disposed off in a low lying area called sanitanydfill area by
the municipal authorities. These rules have sptifnany
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compliance for the management of solid waste fer Sitate
Committee and Pollution Board, which includes prope
segregation of solid waste into biodegradable waste
recyclable and others i.e., non-recyclable wastesstored in
colored bins at the source of generation and phpperated,
recycled and disposed to landfill areas.

The quantity of municipal solid waste in developoauntries
has been consistently rising over the years [4dajomore
than 45 million tones/year of solid waste is getestdrom the
urban centres of India which are collected ineéfitly,
transported inadequately and disposed unscienlyficgd. The
generation is expected to rise to 125 million taipear by the
year 2025 [6]. According to Ministry of Urban Affai Govt.

of India estimate, India is generating approximatE00,000
metric tones of solid waste everyday of which 96%s%umped

in the open place [7]. In Delhi, the capital ofdim alone,
more than 5000 tonnes of MSW is generated everpdalyis
expected to rise to 12750 tonnes per day by 2015T[&e
MSW generated per day in India’s other major citee
Mumbai-6050 tonnes, Kolkata -3500 tonnes, ChenB@b2
tonnes, Bangalore-2000 tonnes, Hyderabad-1800 @0 20
tonnes, Lucknow-1500 tonnes and Ahmedabad-1280etonn
[7]. The municipal solid waste composition variesnfi place
to place and also bears a rather consistent coorelaith the
average standard of living [9].

Generally in India, MSW is disposed of in low-lyirayeas
without taking proper precautions or operationahtoals.
Therefore, municipal solid waste management (MSW#1)
one of the major environmental problems of Indian
megacities. MSW management encompasses planning,
engineering, organization, administration, finahead legal
aspects of activities associated with generaticiorage,
collection, transport, processing and disposal in a
environmentally compatible manner adopting priresplof
economy, aesthetics and energy conservation [1@le T
management of MSW is going through a critical phdse to
the unavailability of suitable facilities to treahd dispose of
the larger amounts of MSW generated daily in metlitgn
cities. The MSW amount is expected to increaseifsigntly

in the near future as India strives to attain athugtrialized
nation status by the year 2020 [11,12,13]. The mament of
MSW requires proper infrastructure, maintenancewpugtade
for all activities. This becomes increasingly exgiga and
complex due to the continuous and unplanned grodthban
centres. The difficulties in providing the desiréal/el of
public service in the urban centres are oftenlatteid to the
poor financial status of the managing municipalpcoations
(8, 14, 15].

Inefficient management and disposal of MSW is awiais
cause for degradation of environment in the deve{pp
countries. Ecological impacts such as land degiadatvater
and air pollution are related with improper managetnof
municipal solid waste [16]. In Asian developing oties,

most of the municipal solid waste is dumped on lanchore
or less uncontrolled manner. Lack of sufficient esmess at
the grassroots level of the waste generators atttetproblem
of littering. As a result there is a serious thiteapublic health
due to environmental pollution. Unscientific dispbgauses
an adverse impact on all components of the enviestirand
human health [17, 18, 19, 20, 21, 22].

1.1LEACHATE GENERATION AND
CHARACTERIZATION

One of the major pollution problems caused by th8Vi
landfill is landfill leachate, which is generateds aa
consequence of precipitation, surface run-off amfdtriation

or intrusion of groundwater percolating through aadfill,
biochemical processes and the inherent water contén
wastes themselves. Leachate is the liquid residselting
from the various chemical, physical and biologipebcesses
taking place within the landfill. Landfill leachaige generated
by excess rainwater percolating through the waster$ in a
landfill. A combination of physical, chemical andanmobial
processes in the waste transfer pollutants from wlaste
material to the percolating water [23]. After adéll site is
closed, a landfill will continue to produce contaiied
leachate and this process could last for 30-50syé2enerally,
leachate may contain large amounts of organic matte
(biodegradable, but also refractory to biodegradatias well
as ammonia-nitrogen, heavy metals, chlorinated rocgand
inorganic salts, which are a great threat to theosading
soil, groundwater and even surface water [24,25he T
compositions of leachate can be divided into foartgp of
pollutants. Organic matter such as: COD (chemicaigen
demand) and TOC (total organic carbon); specifigaaic
compounds, inorganic compounds and heavy metaly [26
However, the organic content of leachates is ofterasured
through analyzing sum of parameters such as CODD BO
(biochemical oxygen demand) and TOC and dissolvgédric
carbon.

The composition of landfill leachate, the amountheyated
and the extraction of potential pollutants from thaste
depend upon several factors, including solid waste
composition, degree of compaction, absorptive dapat the
waste and waste age, seasonal weather variatiewsls | of
precipitation, Landfill temperature, size, hydrolpeical
conditions in the vicinity of the landfill site, ngineering and
operational factors of the landfill, pH, landfilhemical and
biological activities [27,28,29,30]. A simplified ater
balancing equation takes all of these factors awcount and
allows designers to predict an amount of leachadé will be
produced by the landfill.

Canziani and Cossu [31] created this equation itiquéar:

L=P-R-DUs -ET - Duw
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L = leachate production

P = precipitation

R = surface run-off

Us = change in soil moisture

ET = actual evaporative losses from the bare-soil/
evapotranspiration losses from a vegetated surface

Uw = change in the moisture content of the refusamonents

The production of leachate also varies widely thgiouhe
successive aerobic, acetogenic, methanogenic ahtiztion
stages. The degradation process of the waste iandfill
passes through different phases. The first phasiehwis
normally short is characterized by the aerobic déegtion of
organic matter. When the oxygen is depleted, thggatkation
continues anaerobically. The anaerobic degradapimtess
consists of two major fermentation phases, the ogedic
phase generating “young”, biodegradable leachatd the
methanogenic phase, generating “old”, stabilisedchate
[32]. During fermentation organic molecules arekam down
into simpler substances in an energy yielding psc&ome
physico-chemical characteristics are typical focheghase
whereas other parameters are not specifically phase
dependant.

“Young” leachate from the early acidogenic phasetaions
large amounts of readily biodegradable organic enaffhe
complex organic compounds are fermented anaerbgical
yielding mainly soluble organic acids such as fredatile
fatty acids (VFAs), amino acids, other low moleculgeight
compounds and gases likg &hd CQ [33]. The concentration
of VFAs can be quite significant, representing 98bthe total
organic carbon (TOC), leading to low pH (around B)pical
chemical oxygen demand (COD) values are 3000-600§10
[34]. High ratio BOR/COD values of 0.5-0.7 indicate large
amounts of biodegradable organic matter [35,36Fimuthis
phase the metals are more soluble because of jg#and the
bonding with the VFAs, leading to relative high
concentrations of Fe, Mn, Ni and Zn [33].

“Old” leachate from the methanogenic phase is iglrt
characterized by the lower concentration of VFAS]| [T his is
due to their conversion into GHand CQ as gaseous end
products during this second fermentation period. tAe
content of VFAs and other readily biodegradableaoig
compounds in the leachate decreases, the orgatierrimathe
leachate becomes dominated by refractory compousas)
as humic like compounds and fulvic acid like subsés [33].
Thus a low ratio BOPCOD, most often close to 0.1, is a
characteristic value for stabilised leachates [36]e humic
substances give a dark colour to stabilised leashathe
decrease of VFAs results in an increase in pH. @&atteristic
pH value for stabilised leachates is around 8 [3Bhe
concentration of metal ions is in general low doethe
decreasing solubility of many metal ions with irasing pH.
However, lead is an exception, since it forms vetgble
complexes with the humic acids [33]. Besides tliectfof the
shifting pH on metal-ions, there is the reductidrsaphate to

sulphide during this phase, which increases theigitation of
metals ions.

In general, the strength of leachate decreasestinith due to
biological breakdown of organic compounds and pigation

of soluble elements such as heavy metals. Due go it
biodegradable nature, the organic compounds decnease
rapidly than the inorganic compounds with incregsaige of
leachate production. Therefore the ratio of totahtile solids

to total fixed solids (VS/FS) decreases with the af the
landfill [35].

Three main groups of landfills are classified asing (less
than five years), intermediate (5-10 years), and of
stabilized (more than 10 years). Table 1 summaribes
typical characteristics of leachate according te afjlandfill
[24,37]. The typical chemical concentrations in igguand old
landfill leachate comparing with sewage and grousteware
also shown in Table 2 [38].

Table- 1: Characteristics of leach ate at different ages of
landfill

Parameter Young Intermediate Old

Age (years) <5 5-10 >10

pH 6.5 6.5-7.5 >7.5

COD (mgl/l)

> 10,000

4,000-10,00(

<4,000

BODy/COD

> 0.3

0.1-0.3

<0.1

Organic
compounds

80% volatile
fat acids
(VFA)

5-30% VFA+
humic and
fulvic acids

Humic and
fulvic
acids

Heavy
metals

Low-medium

Low

Low

Bidegradabi
lity

Important

Medium

Low
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Table-2 : Typical concentrations in landfill leachate
comparing with sewage and groundwater

Parameters | Young Old Typical | Typical
leachate | leachate | sewage | ground
concent | concent | concentr | water

ration ration ation conc.

COD 20,000- | 500- 350 20

(mall) 40,000 | 3,000

BODs 10,000- | 50-100 250 0

(mg/l) 20,000

TOC 9,000- 100- 100 5

(mgl/l) 25,000 | 1,000

Volatile 9,000- | 50-100 50 0

fatty acids| 25,000

(mg/l)

Normally, young landfill leachate (the acid-phaaadfill, <5
years) contain large amounts of biodegradable @cgaatter.
More than 95% of the dissolved organic carbon (DOC)
consists of volatile fatty acids, and little of hignolecular
weight compounds. In mature landfills (the methamog-
phase landfill), the organic fraction in the leaehbecomes
dominated by refractory compounds, and the DOC esunt
consists of high molecular weight compounds [39, 40

Table 3. Details of landfill site

L ocation Land Average Future
area depth life
(acres) (inft.) (years)
Jamalpur landfill site 25 8to 10 25

According to the study of Diamadopoulos, the cotegion
of the organic substances and the ratio of BOD @DGire
generally higher during the active stage of decaitjpm and
decrease gradually due to leachate stabilizatidh [4

In the present study, the experimental work isiedrput to
determine the effect of landfill age and seasomaiation on
leachate characteristics of leachate generated fl&W
landfill site of Ludhiana City, Punjab.

Leachate samples were collected and analyzed faousa
physico-chemical parameters to estimate its poltuti
potential. The effect of landfill age and seasoraiation on

leachate composition was studied. This study aorsetve as
a reference for the implementation of the most atlit

technique for reducing the negative environmentfacts of

discharged leachate.

1.2STUDY LOCATION

Ludhiana is the largest city in Punjab, both imterof area
and population lies between latitude’3® N and longitude
75°54' E. The Municipal Corporation limit of city ipeead
over an area of 141sq.km. The population of thg ithin
the Municipal Corporation area is estimated at 3882 in
2011 [42]. The climate of Ludhiana is semi arid hwit
maximum mean temperature reaching upto “2.8nd
minimum mean temperature is as below as °CL.8otal
rainfall during the year is 600-700 cm; 70% of tatinfall
occurs from July to September. The altitude vdiri@s 230 m
to 273 m from mean sea level [43]. Leachate sarfipl¢he
present study was collected from Jamalpur land§lisite of
LudhianaCity. (Table3). No cover of any description is mec
over the spread waste to inhabit the ingress dasewater or
to minimize litter blow and odours or to reduce ghesence of
vermin and insects. Rag pickers regularly settfirevaste to
separate non-combustible materials for recovenyc&ithere
are no specific arrangements to prevent flow ofewatto and
out of landfill site, the diffusion of contaminantgleased
during degradation of landfill wastes, may proceed
uninhibited. No proper compaction is done to coreprthe
waste into the site.

2. MATERIALSAND METHODS
2.1 L eachate Sampling and Analysis

To determine the quality of leachate, integratedpas were
collected from different landfill locations. Leadhasample
was collected from landfill site on Tajpur RoadJaimalpur
Village having 25 acres of low lying land area. Ssite is
non-engineered low lying open dump. It has neithay
bottom liner nor any leachate collection and treathsystem.
Therefore, all the leachate generated finds ithgatto the
surrounding environment. The landfill site is najugpped
with any leachate collectors. Leachate samples weltected
from the base of solid waste heaps where the I¢achas
drained out by gravity.

Leachate sampling was carried out in January 2Qirhgl
winter season in May, 2012 during summer seasoriradly
2012 during rainy season in Punjab. Leachate samptre
collected from the same locations to determinedffect of
age and seasonal variations on leachate charaicterisf
MSW landfill. Various physico-chemical parameteike Iviz
pH, Total Solids (TS) Suspended Solids (TSS), Total
Dissolved Solids (TDS), Turbidity, Hardness, Bidtay
Oxygen Demand (BOD), Chemical Oxygen Demand (COD),
Chloride (CTI), Nitrate (NQ"), Total Phosphorus (TP),
Sulphate (S@) and heavy metals like Iron (Fe), Lead (Pb),
Chromium (Cr), Cadmium (Cd), Copper (Cu), Zinc (Zn)
Nickel (Ni) and Arsenic (As) were analyzed to detire
pollution potential of leachate discharge from MS3avdfill

site to estimate its pollution potential.
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2.2 Analytical Work

Analytical methods were according to “Standard rodshfor
examination of water and wastewater” specified byefican
Public Health Association [44]. The pH was measubgd
electronic pH meter (4500-kB of Standard Methods). Total
Solids (TS) was determined by properly shaken temét
sample and estimated by gravimetric method (2546fB
Standard Methods). Total Dissolved Solig§DS) was
determined by filtered sample through Whatmantfifiaper-

44 and estimated by gravimetf2540.C: Standard Methods).
Turbidity was measured by Nephelometer by usingcapt
properties of light. (2130.B of Standard MethodsEhemical
Oxygen Demand (COD) was determined by refluxion of
sample followed by titration with Ferrous Ammonium
Sulphate (FAS) was adopted (5220.C: Standard Methods).
Biological Oxygen Demand (BOD) - Winkler's methodasv
used for estimating initial and final DO in the gdenand
BOD was determined (5210-B of Standard methods).
Argentometric volumetric titration method in theepence of
Potassium chromate provides reliable results oforadd

(4500-Ct.B of Standard Methods). Nitrate was analyzed by
HACH Portable Spectrophotometer (DR 2800) by Cadmiu
Reduction Method (8039) adapted from Standard Misttad a
wavelength of 450 nm [48]. Total Phosphorus wadyaed

by HACH Portable Spectrophotometer (DR2800) by
Molybdovanadate Method (10127) with Acid Persulfate
digestion adapted from Standard Methods at a wagéteof
420 nm [45]. Sulphate was analyzed by HACH Portable
Spectrophotometer (DR 2800) by SulfaVer 4 Metho@b(§
adapted from Standard Methods at a wavelength 6frb2
[48]. Heavy metals like Iron, Lead, Chromium, Cadmij
Copper, Zinc, Nickel and Arsenic were determinedhgis
ELICO double beam SL 210 UV-VIS Spectrophotomedéi.|

3. RESULTSAND DISCUSSION

Leachate samples of MSW landfill site of ludhian&rev
collected and analyzed for various physico-chemical
parameters to estimate its pollution potential.h#ts been
found that leachate samples contain high concétratf
organic and inorganic constituents beyond the pssilvie
limits. While, heavy metals concentration was Bcea amount
as the waste is domestic in nature. The data prexsem this
study indicated that with the passage of time aitkl seasonal
variations particularly during rainy season valeésvarious
parameters increased, reason being with time the waste
material degraded and the waste constituents @decbtown
along with rainwater. Thus, the age and seasondghtians
has a significant effect on leachate compositidre flesults of
leachate analyzed for various physico-chemicalattaristics
and also standards for the discharge of treatech#&es on
Inland surface water, Public sewers and Land dalpagre
shown in Table 4.

3.1 Color and Odour

The color of leachate samples were orange browidlaok
brown. Associated with the leachate is a malodomsll,
due mainly to the presence of organic acids, whate from
the high concentration of organic matter when dquused.
The high concentration of colour in landfill leatdads due to
the presence of high organic substances [47]. Ineige,
leachate produced by an old landfill with low bigdedability
is classified as stabilized leachate. Stabilizedthate contains
high levels of organic substances such as humic flanit
compounds, which can be indicated by leachate cdisi.
Humic substances are natural organic matter madefup
complex structures of polymerized organic acidsbaaylic
acids and carbohydrates [49].

3.2pH

pH values of leachate samples of the landfill siere 9.8,
9.10 and 10.3 during winter, summer and rainy @eas
respectively. The results are consistent with thoglelished
by previous authors [50,51,52,53]. Higher pH valoés8.3-
9.10 were recorded from the stabilized leachateserhi-
aerobic landfill [48]. The pH varied according teetage of
landfills [54]. Generally, the pH of a stabilizedachate is
higher than that of a young leachate [55]. Leachiate
generally found to have pH between 4.5 and 9 [bb§ pH of
young leachate is less than 6.5 while old landdifichate has
pH higher than 7.5 [57,58]. Stabilized leachateva&hdairly
constant pH with little variations and it may rarggween 7.5
and 9. Chian and DeWalle reported that the phtathate
increased with time due to the decrease of theargration of
the partially ionized free volatile fatty acids [3%he increase
in pH suggested that a steady state has been tehehseen
acid producing processes (e.g., cellulose and rigni
degradation) and acid consuming processes (e.ghame
formation) at the landfill [59].

3.3TS, SSand TDS

TS and SS values of leachate samples of the lasidél were
7695 mg/l, 7896 mg/l, 8198 mg/l and 1132 mg/l, 124§/|
and 1335 mg/l during winter, summer and rainy seaso
respectively. Typical SS values of 200-2000 and-400 mg/I
were recorded for the new (less than two years) raatire
landfills (more than 10 years), respectively [10PS values
of leachate samples of the landfill site were 65&pI, 6683
mg/l and 6863 mg/l, respectively. TDS comprises niyaof
inorganic salts and dissolved organics. TDS is ohdhe
parameters taken into consideration for licensiisghirge of
landfill leachate in many countries such as the[6H.

3.4 Turbidity

Turbidity values of leachate samples of the lahdfie were
79 NTU, 85 NTU and 93 NTU during winter, summer and
rainy season, respectively. The turbidity valueshim present
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study are consistent with those in previous stuiés61, 62,
63].

3.5Hardness

Hardness values of leachate samples of the larsitfdl were
638 mg/l, 728 mg/l and 823 mg/l during winter, suemrand
rainy season, respectively. The measured hardrésssnwere
considerably higher than the standard limit. Thedhass
values in the present study are consistent withsghm
previous studies [61, 62, 63].

3.6 BODs

BOD is the measure of biodegradable organic maksachate
and that indicates the maturity of the landfill wihitypically
decreases with time [64]. In this study, the BODuga for
leachate at landfill site were 495 mg/l, 512 mgitl 96 mg/I|
during winter, summer and rainy season, respegtivEhe
measured BOD values were considerably higher tlnen t
standard limit. The BOD values recorded for thechese
samples were above the permissible standard lirhis may
be due to the reason that with time the solid wasterial
gets degraded and the waste constituents peramate along
with rainwater thus polluting groundwater nearby M&W
landfill site. BOD value varies according to age of landfills.
For new landfills, BOD values were 2000-30000 mdgl;
mature landfills, BOD value varies from 100-200 hid0].
Greater BOD values were reported by previous rebess
[47, 50, 65,66].

3.7COD

COD represents the amount of oxygen required toptetely
oxidize the organic waste constituents chemicallynbrganic
end products. The COD values for leachate sampflaheo
landfill site were 2535 mg/l, 2612 mg/l and 2935/huyring

winter, summer and rainy season, respectively. measured
COD values were considerably higher than the stahiiait.

The COD values recorded for the leachate samples amve
the permissible standard limit. This may be du¢htoreason
that with time the solid waste material gets degdadnd the
waste constituents percolate down along with raiaw#us
polluting groundwater nearby to MSW landfill sit€reater
COD values were recorded by other studies [5148163].

3.8 BODs/COD Ratio

Organics in leachate are characterized by diffetevels of
biodegradability. In this study, the B@QOD ratios for the
collected leachate samples of the landfill siteev@rl9, 0.19
and 0.20 during winter, summer and rainy season,
respectively. The BOECOD ratio is consistent with those
recorded by other researchers [47,51]. Generallye t
BODs/COD ratio describes the degree of biodegradatiwh a
gives information on the age of a landfil. The low
BODs/COD ratio shows the high concentration of non-

biodegradable organic compounds and thus the dliffito be
biologically degraded [65].

3.9 Chlorides

The chloride values of leachate samples of thefilarsite
were 1836 mg/l, 1955 mg/l and 2336 mg/l during wint
summer and rainy season, respectively. The meashtedde
values were considerably higher than the standanitk. |
Higher ranges of 490-1190, 360-4900 and 580-101@d m
were previously recorded by other researchers #666%. For
new and mature landfills, the chloride values & &nd 100-
400 mg/l, respectively [10]. According to Deng and
Englehardt (2007), the concentration of chloridesy mange
between 200-3000ng/l for a 1-2 year old landfill and the
concentration decreases to 100-400 for a land#aigr than
5-10 years old [67].

3.10 Nitrate

The nitrate values for leachate at landfilling sitere 18.6
mg/l, 19.2 mg/l and 20.3 mg/l during winter, sumnzard
rainy season, respectively. The measured nitraigegsavere
considerably higher than the standard limit. Micabb
decomposition of organic carbon influences on many
processes of the nitrogen cycle. With time, nitroge
concentration decreased due to microbial utilizatd nitrate
compounds and denitrifying as ammonia gas [68].atés are
the primary contaminant that leaches into groundwathe
United States Environmental Protection Agency (USERas
set a maximum contaminant level of 10 mg/l for atir in
public water supplies [69].

3.11 Total Phosphorus

Total phosphorus values for leachate at landfié siere 83.5
mg/l, 88.3 mg/l and 90.6 mg/l during winter, sumnzard

rainy season, respectively. The measured total pgitoras

values were considerably higher than the standart. |
Phosphorus is one of the key elements necessagydoith of

plants and animals and is a backbone of the K@jpe and
Deoxyribonucleic acid (DNA). Phosphorus transportesm

agricultural lands to surface water can promoteoglication,

which is one of the leading water quality issuedakes and
reservoirs. Current recommendations of USEPA, tdeal
should not exceed 0.05 mg/l in a stream at a pohdre it

enters a lake or reservoir and 0.1 mg/l in strettras do not
discharge directly into lakes or reservoirs [69].

3.12 Sulphate

Sulphate values for leachate at landfill site wé87 mgl/l,
65.1 mg/l and 53.8 mg/l during winter, summer aathy
season, respectively. Sulphate values of 98-374 22650
mg/l were previously recorded by other researcH&ry.
Typical sulphate values of 300 and 20-50 mg/I weeorded
for new (less than two years) and mature (more flfapears)
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landfills, respectively [10]. However, the measusdphate
values were exceeded the permissible level (0.50).nicthe
sulphate content of
decomposition of organic matter present in thedsetastes. It
is expected to decrease with refuse age. This dserés
caused by the reduction of sulphate to sulphidenaidént
with the initiation of anaerobic conditions in thandfill [70].
Thus, the sulphate concentration in leachate cem la¢ used
as an indicator of waste stabilization within lakdf

leachate mainly depends on the

Heavy metalsiiz Iron, Lead, Chromium, Cadmium, Copper,
Zinc, Nickel and Arsenic values for leachate atdfdhsite
were in trace amount as the waste is domestictiraa

In general, the concentration of heavy metals indfi#l
leachate is fairly low [56]. Concentration of heawgtals in a
landfill is generally higher at earlier stages hessaof higher
metal solubility as a result of low pH caused bgdurction of
organic acids [54]. As a result of decreased pldtatr stages,
a decrease in metal solubility occurs resulting rapid
decrease in concentration of heavy metals [33].

3.13 Heavy Metals
Table-4. Physico-chemical characteristics of the leachateples
Parameter s* Jamalpur landfill site Standar ds (M ode of Disposal )**
Jan, 2012 May, 2012 July, 2012 Inland Public Land disposal
(Winter Season) | (Summer Season) | (Rainy Season) surface sewers
water
pH 9.8 9.10 10.3 5.5t09.0/ 5.5t09.0 5.5t09.0
TS 7695 7896 8198 - - -
SS 1132 1213 1335 100 600 200
TDS 6563 6683 6863 2100 2100 2100
Turbidity (NTU) 79 85 93 5 10 10
Hardness 638 728 823 300 - -
BOD (5 days at 495 512 596 30 350 100
25°C) max.
COD 2535 2612 2935 250 - -
BODs/COD 0.19 0.19 0.20 - - -
Chloride 1836 1955 2336 1000 1000 600
Nitrate 18.6 19.2 20.3 - - -
Total Phosphorus 83.5 88.3 90.6 - - -
Sulphate 65.1 66.9 68.3 - - -

* All values in mg/l except for pH and turbidity.
** Municipal Solid Wastes (Management and HandlingleRu2000

CONCLUSIONS

. Landfill site of Ludhiana City is non-engineeredwlo
lying open dump. It has neither any bottom liner no
any leachate collection and treatment
Therefore, all the leachate generated finds itespaito
the surrounding environment.

system.

appropriate treatment strategy to reduce the @oitst
to a satisfactory level prior to discharge intoeiging
system.

. The data presented in this study indicated that thie
passage of time and with seasonal variations
particularly during rainy season values of various
parameters increased, reason being with time the so

Leachate samples of landfill site were collected an
analyzed for various physico-chemical parameters to
estimate its pollution potential. It has been cadeld

that leachate samples contain high concentration of
organic and inorganic constituents beyond the
permissible limits. While, heavy metals concentnati
was in trace amount as the waste is domestic ur@at
The measured leachate samples would need an

waste material degraded and the waste constituents
percolated down along with rainwater. Thus, the age
and seasonal variations has a significant effect on
leachate composition.
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