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ABSTRACT: Landfill leachates are potential threats for environmenta degradation. This study was conducted to
determine the leachate quality, to identify the dominant pollutants and to eval uate the |eachate pollution potential of an
active and closed dumping ground of an uncontrolled municipal solid waste (MSW) landfill sitein Kolkata, Indiausing
leachate pollution index. Theresults of the physico-chemical and biological analyses of |eachate indicated that landfill
site was in its methanogenic phase. Among the analysed leachate pollutants, TDS, BOD5' COD, TKN, NH_-N, Ccl,
TCB, Pb, and Hg surpassed the | eachate discharge standards for inland surface water as specified by the municipal solid
waste (management and handling) rules, 2013 for both the dumping grounds. Moreover the concentrations of total Cr
and Zn al so exceeded theleachate disposal standardsfor the active dumping ground. Theleachate pollution potentialities
of both the active and closed dumping grounds were comparable asthe overall LPI obtained 34.02 and 31.80 respectively.
Theoveral LPI, LPI organic (LPI ), LPI inorganic (LPI. ) and LPI heavy metals (LPI, ) of both the dumping grounds
largely exceeded the LPI and sub-LPI vauesfor treated leachate before disposal to theinland surface water. I n terms of
theindividual pollution rating, total coliform bacteria, TKN, NH-N and Hg were identified asthe dominant pollutants

and major contributing factors for the leachate pollution potential.

KEYWORDS: Dominant pollutants; Kolkata; Leachate pollution index (LPI); Leachate pollution potential;
Total coliform bacteria (TCB): Uncontrolled landfill site

INTRODUCTION

Landfilling is one of the dominant options for solid
waste disposal all over theworld (Laner et al., 2012).
Solid waste landfills are significant sources of wide
range of pollutants of environmental concern (Eggen
et al., 2010). Uncontrolled/open dumping of the
municipal solid waste (MSW) is associated with
adverse health impacts as a consequence of landfill
gas emissions and generation of highly concentrated
leachates which poses hazardous effects on the
surrounding ecosystem polluting the adj acent soil, sub-
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soil, surface water bodies and groundwater aquifers
(Kimet al., 2010; Matejczyk et al., 2011; Paoli et al.,
2012). In developing countries like India, MSW is
mostly disposed in an uncontrolled manner into the
open dumps without any liner, leachate collection and
treatment facilities. Leachate is a high strength toxic
effluent with acomplex matrix of organic and inorganic
pollutants. Leachates are produced as a result of
rainwater percolation through the waste layers;
physical, chemical, biochemical and microbiological
reactions of the organics within the waste mass and
due to the inherent or interstitial water content of the
waste (Li et al., 2010; Schiopu and Gavrilescu, 2010).
Christensen et al. (1994) sub-grouped the leachate
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pollutants in four major catagories: dissolved organic
matter, inorganic macro components, heavy metalsand
xenobiotic organic compounds. Among the different
leachate pollutants, organic substances, ammoniacal
nitrogen and heavy metals are of significant concern
to the environment (Yusof et al., 2009). Dissolved
organic matter imparts a significant effect on other
pollutant’s characteristics by redox reactions and
hydrophobic/ hydrophilic sorption (Seo et al., 2007).
Ammoniais one of the odorous substances which are
emitted fromthelandfill Sites(Fang et al., 2012). Heavy
metals are toxic, persistant, capable to bioaccumulate
(Nguyenet al., 2013) and ableto pollute the surrounding
water resourscesto alandfill site (Awaz, 2015). Heavy
metal pollution also leadsto ecological risk (Karbassi
et al., 2015). Thusleachate hasthe potential of polluting
the adjoining aquatic and lithospheric systems unless
remedial measures are implemented. To prioritize the
actions of the remediation works, Kumar and Alappat,
(2003a) formulated a method to identify the leachate
pollution potential of different landfills by using an
index known as leachate pollutionindex (LPI) and the
dominant group of pollutants are analyzed by
calculating the sub-leachate pollution indices: LPI
organic (LPI ), LPI inorganic (LPI, ) and LPI heavy
metals (LPI, ) depending on the leachate
characteristics (Kumar and Alappat, 2005b). In a study
by Umar et al., 2010, LPI vaues of four landfills in
Malaysia were investigated to identify the highly
polluted landfill site so that immediate remediation
works can be encouraged. In another study by Kale et
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al., 2010, seasonal variation of L Pl valueswere analysed
suggesting that landfill leachate have more pollution
potential during pre-monsoon in comparison to post-
monsoon.

Since the knowledge of leachate composition is
essential to evaluate the leachate pollution potential
of alandfill site, the aim of the study was to monitor
leachate characteristics of both the active and closed
dumping grounds of the uncontrolled landfill site in
Kolkata, India. Moreover, LPI and sub-LPI had been
applied to rank and identify the dominant pollutants of
the uncontrolled landfill sitein Kolkata on the basis of
their leachate pollution potential. Very few published
dataare available on the leachate pollution potential of
the concerned landfill site. Thus, the present study
would be helpful to identify the dominant pollutants
present in the Dhapa landfill site and to assess the
probability of leachate induced groundwater pollution
along with developing a proper leachate management
and treatment programs for the identified landfill site.
This study has been performed in Dhapa uncontrolled
landfill sitein Kolkata, Indiaduring 2014-2015.

MATERIALSAND METHODS
Sudy area

Kolkata, ametropolitan city of Indiahasapopulation
of 8 million generates about 3000 M T of MSW per day
(Chattopadhyay et al., 2007). Without any prior
treatment, bulk of the generated solid wasteis disposed
on theopen/uncontrolled landfill Site at Dhapa, Kolkata.
No source segregation is practiced, except the rag

Fig. 1: Location of active and closed dumping ground at Dhapa uncontrolled landfill in Kolkata, India
(Source: Google Earth)
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Table 1: Comparison of leachate characteristics of the active and closed dumping ground at Dhapa uncontrolled

landfill site in Kolkata, India

Leachate

Parameters Active dumping ground Closed dumping ground No. of discharge

( mg/L)* samples standards®

Mean + SD° Range Mean + SD® Range Inland surface
water

pH 8.2+0.15 7.8-84 8.2+0.24 8.1-8.6 12 55-9
EC 26228 + 10527 9557.14 - 41600 30775+ 16976 12500 — 52600 12 -

TDS 10014 + 3274 5660 — 15700 5987.50 £2875 2320 —9240 12 2100
COD 5653 +3253 2000 — 13200 2775+ 1939 1200 - 5600 12 250
BOD;s 2641.58 + 1789 532 — 6440 1343.25+1030 5252800 12 30

Na” 2196.42 + 1094 869.57-4347.83 2105.64 £1636  292.11 - 4000 12 -

K* 1794.30 + 824 561.22- 2960 1297.61 £ 1420  168.37 - 3375 12 -

Cl 4050.73 + 1446 2103- 6735 3740.23 £ 1643 2223 — 6062 12 1000
HCO;~ 51049.38 £ 53301 6100 - 127032  22073.46 + 13093 5319 — 44072 12 -

PO/ P 18.88 £ 16 1.20 - 56.10 9.09+8 3.70 - 20.99 12 -

TKN 5529.22 + 3739 631 -9139 2846 + 1388 891 - 3961 12 100
NH;-N 1681.67 + 1451 168 —4210 1341.28 £ 676 380 — 1865 12 50

As 0.03+£0.03 0.0045 -0.07 0.22+0.29 0.01 - 0.56 12 0.2
Total Cr 322+3.78 0.31-10.43 1.19+1.37 0.10-3.19 12 2.0

Cu 032+0.17 0.14-0.68 0.27 +0.09 0.17-0.37 12 3.0
Total Fe 4.26+3.41 0.80-11.25 3.16+4.14 1.02-9.37 12 -

Hg 0.87+1.06 0.21 -2.65 1.20+0.94 0.16 —2.06 12 0.01

Ni 0.51+0.19 0.23-0.77 0.43+0.24 0.20-0.75 12 3.0

Pb 0.60 + 0.22 0.37-1.06 0.69 +0.32 0.39-1.14 12 0.1

Zn 7.61+7.77 1.18-25.14 326+2.15 1.0 - 5.66 12 5.0
CN™ 0.03 +.004 0.024 - 0.035 0.02+0.008 0.01-0.03 12 0.2
Phenolic 0.25+0.06 0.16 — 0.34 0.18 +0.03 0.14-0.21 12 1.0
compounds

TCB 8x10"+2.30 4x107-11x10"  7x10% 1.41 6x10°-9x10° 12 -

“Except pH and TCB (MPN/100 ml)
°Standard deviation

‘Municipal solid waste (Management and handling) rules, 2013 (The gazette of India, 2013)

pickers who segregated the recyclable components in
an unorganized, hazardous, and unhygienic way
(Chattopadhyay et al., 2009).

Dhapa is located on the eastern part of Kolkata at
latitude 22° 322 N and longitude 88° 262 E. Dhapa
having around 24.71 ha of landfill area is situated on
the western part of East Kolkata Wetlands (EKW)
(Hazra and Goel, 2009). The landfill site is operational
since 1981 and consists of an eastern dumping area i.e.
“Eastern mound” (active) and a western dumping area
i.e. “Western mound” (closed since 2009) (USEPA,
2010) (Fig. 1). The landfill site is non-engineered,
unlined, open dump without any arrangements for
leachate collection and treatment system with nominal
daily cover. In Dhapa, MSW is disposed on the level
ground whose permeability (10°to 10 cm/s) is less
than the permeability of the dumped solid waste (10
cm/s) (KEIP, 2005). Moreover as the landfill site is
without any leachate collection system and not
confined by earthen embankments, major portion of
the leachate flows out laterally from the waste heap.
There are many groundwater zones and surface water
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bodies (jheels and bheris) around Dhapa landfill site
which are habitually contaminated by landfill leachate.
An area of about 800 ha adjacent to Dhapa landfill site
are used for cultivation (Patra et al., 2001). Ground water
along with surface water of this area is used for irrigation
of the nearby agricultural fields. As a result, diseases
such as hepatitis, diarrhoea, vomiting, abdominal pain,
dysentery etc. have been frequently occurring in
majority of the people of Makaltala, Durgapur,
Khanaberia etc. villages around Dhapa landfill site.

Leachate sampling and analysis

To determine leachate characteristics and pollution
potential of the Dhapa uncontrolled landfill site in
Kolkata, leachate samples were collected every month
from both the dumping grounds for a period of one
year from May 2014 to April 2015. Six representative
samples of leachate were collected from each of the
active and closed mound of the landfill site in pre acid-
washed high density polyethylene bottles of 1litre
capacity from the leachate streams flowing out from
the base of the waste dump and were mixed
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homogeneously to yield a composite sample
representing each site. For the determination of heavy
metals, 100 ml of the collected leachate samples were
acidified with 5N nitric acid at pH <2. All the chemicals
used were of analytical grade (AR) purchased from
Merck Company.

After collection, leachate samples were transferred
shortly to the laboratory and stored under dark at 4°C.
The selected parameters were subsequently analysed
with three replicates. The physico-chemical and
biological parameters were analysed according to the
internationally accepted standard methods (APHA,
AWWA, WPCF 20" edition). The various parameters
determined in leachate includes: pH (using ECO Test
pH 2, Eutech Instruments), electrical conductivity (EC)
(using Deluxe conductivity meter- 601 from Electronics
India), total dissolved solids (TDS) (Gravimetric
method), sodium and potassium (flame photometric
method), chloride(Cl ) (Argentometric method),
bicarbonate (HCO, ) (using titrimetric methods),
cyanide (CN™) (using nano-colorimeter 500D),
phosphate (PO,* - P) (stannous chloride method),
ammoniacal-nitrogen (NH,-N) (using Expandableion
analyzer EA940), total Kjeldahl nitrogen (TKN) (Semi-
Micro-Kjeldahl Method), five dayshbiochemical oxygen
demand (BOD,) (Azide modification of the Winkler
method), chemical oxygen demand (COD) (open reflux
digestion method), phenolic compounds (using UV-
V1S spectrophotometer), total coliform bacteria (TCB)
(Multiple tube fermentation technique) and the
concentrations of arsenic, cadmium, total chromium,
copper, total iron, mercury, manganese, nickel, Lead
and Zinc were estimated using agraphite furnace (HGA
Graphite Furnace) associated with Perkin Elmer Analyst
400 atomic absorption spectrometer (AAS) by
electrothermal atomization.

After determining the leachate characteristics, LPI
and Sub-LPI values for both the dumping grounds in
Dhapa were calculated using the Eqg. 1 (Kumar and
Alappat, 20053).

n
LPI = Z w,p,
=1

where LPI = the weighted additive leachate pollution
index, w, = theweight for theith pollutant variable, p, =
the sub index score of the ith leachate pollutant
variable, n = number of leachate pollutant variables

)

used in calculating LPI and Zw =1
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RESULTSAND DISCUSSION
Leachate characterization

Thephysical, chemical and biological characteristics
of the leachate samples collected from both the
dumping grounds at Dhapa uncontrolled landfill site
are summarized in Table 1. The concentrations of the
analysed parameterslike TDS, COD, BOD, CI', TKN,
NH,-N, Hg, Pb and TCB exceeded the permissiblelimits
as specified by the Municipal solid waste (Management
and handling) rules, 2013 (The gazette of India, 2013)
notified by Ministry of Environment and Forests
(MoEF) for both the |eachate samples of the active and
closed dumping ground at Dhapa to be disposed in
inland surface water. M oreover, the concentrations of
total Cr and Zn were also surpassed the standard
discharge values in the leachate samples of the active
dumping ground.

pH of the leachates varied in the range of 7.8 - 8.4
for the active dumping ground and 8.1 - 8.6 for the
closed dumping ground at Dhapa landfill site. The
leachate sampleswerein the alkalinerange. According
to Chianand DeWalle (1976), pH of leachate becomes
alkaline in nature as the free volatile fatty acids are
used up by the methane producing bacteria. Although
waste deposition continues in the landfill site,
acidogenic leachates were not observed astheratio of
the old and stabilized waste to the newly deposited
waste are high (Demirbilek et al., 2013). EC variedin
the range of 9557.14 — 41600 mg/L with amean val ue of
26228 mg/L for the active dumping ground and 12500 —
52600 mg/L with amean value of 30775 mg/L for the
closed dumping ground. Conductivity of the leachate
samples is mainly due to the presence of the major
ionslike Calcium, magnesium, sodium and potassium
(Johansen and Carlson, 1976). TDSvaried intherange
of 5660 - 15700 mg/L withamean value of 10014 mg/L
for the active dumping ground and 2320 - 9240 mg/L
with a mean value of 5987.50 mg/L for the closed
dumping ground. Leaching of ions may beresponsible
for thehighvaluesof TDS. Cl concentrations spanned
between 2103 - 6735 mg/L for the active dumping ground
and 2223 - 6062 mg/L for the closed dumping ground at
Dhapa which were higher than the values as observed
by Mandal, (2007). Chloride is one of the inorganic
macro components whose sorption, complexation and
precipitation reactions are negligible. Thus it can act
asaconservativepollutant (Kjeldsen et al., 2002). Like
Cl, Na' can also act as a conservative pollutant since
Na* does not undergo complexation and precipitation
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Table 2: Leachate pollution index (LPI) for the active and closed dumping ground at Dhapa, Kolkata

Parameters  Welghts, Active dumping ground Closed dumping ground
1) Wi Mean® values Individual Overadll Mean®  Individual Overall
2 (mg/L) pollution pollution values pollution pollution
©)] rating, pi rating,wipi (mg/L) rating, pi rating,wip;

G ) (6) U] ()
pH 0.055 82 5 0.28 8.2 5 0.28
TDS 0.050 10014.17 20 10 5987.50 13 0.65
BODs 0.061 2641.58 45 2.75 1343.25 32 1.95
COD 0.062 5653 66 4.09 2775 55 341
TKN 0.053 5529.22 100 5.30 2846 94 5.0
NHs-N 0.051 1681.67 100 5.10 1341.28 100 5.10
Total Fe 0.045 4.26 5 0.23 3.16 5 0.23
Cu 0.050 0.32 6 0.30 0.27 6 0.30
Ni 0.052 0.51 6 0.31 0.43 6 031
Zn 0.056 7.61 7 0.39 3.26 6 0.34
Pb 0.063 0.60 7 0.44 0.69 8 0.50
Total Cr 0.064 3.22 17 1.09 119 7 0.45
Hg 0.062 0.87 81 5.02 1.20 92 5.70
As 0.061 0.03 5 0.31 0.22 5 031
Phenolic 0057 025 5 0.29 018 5 0.29
compounds
cl™ 0.048 4050.73 34 1.63 3740.23 31 1.49
CN™ 0.058 0.03 5 0.29 0.02 5 0.29
TCB 0.052 8x10’ 100 5.2 7x10° 100 5.2
Total 34.02 31.80
LPI value 34.02 31.80

(using Eg.1) (usingEq.1)

aExcept pH and TCB (MPN/100 ml)

reactions (Erseset al., 2008). K* canalso beused asa
conservative pollutant and dilution indicator in the
leachate system (Demirbilek et al., 2013). Thus high
concentrations of Na"and K*were found in both the
dumping groundswith mean values being 2196.42 mg/
L and 1794.30 mg/L respectively for the active dumping
ground and 2105.64 mg/L and 1297.61 mg/L respectively
for the closed dumping ground. At the pH range of 7.0-
8.6, HCO, ionsaremainly responsiblefor the alkalinity
of the leachate samples (Clement et al., 1995). High
values of bicarbonate concentrations were observed
with themean values being 51049.38 mg/L for the active
dumping ground and 22073.46 mg/L for the closed
dumping ground. PO,® - Pismainly released into the
leachate by the biological degradation of the organic
matter containing phospholipids and phosphoproteins
(Fatta et al., 1999). PO,® - P concentrations varied in
the range of 1.20 — 56.10 mg/L with the mean value
being 18.88 mg/L for the active dumping ground and
3.70-20.99 mg/L with the mean value being 9.09 mg/L
for the closed dumping ground. The concentration of
COD for the active dumping ground (5653 mg/L) was
slightly higher than the closed dumping ground (2775
mg/L). Similar results were also observed for BOD,.
Low concentrations of COD and BOD, indicated that

the leachate were in their intermediate stage asBOD,/
COD ratiowerein between 0.1 - 0.5 (Foo and Hameed,
2009). These intermediate biodegradability (BOD,/
COD) values were due to the continuous process of
waste deposition. High concentrations of ammoniacal
nitrogen were observed in both the active (1681.67 mg/
L) and closed dumping grounds (1341.28 mg/L) at
Dhapa. Decomposition of proteins may beresponsible
for the release of ammonia from the solid waste.
Increase in oxygen demand and eutrophication of the
aquatic resources are the notable consequences of
nitrogen pollution by ammoniacal nitrogen (Gupta et
al., 2015). TKN ranged between 631 — 9139 mg/L for
the active dumping ground and 891 — 3961 mg/L for the
closed dumping ground. TKN decreases during
stabilization (Abd El-Salamand Abu-Zuid, 2015) but in
the current study high concentrations of TKN were
attributed to the ongoing process of waste disposal.
Very low concentrations of cyanide and phenol were
observed in both of the dumping grounds with the
mean valuesbeing 0.03 mg/L and 0.25 mg/L respectively
for the active dumping ground; 0.02 mg/L and 0.18 mg/
L respectively for the closed dumping ground as
industrial wastes were not disposed in the concerned
landfill site (Kale et al., 2010). TCB is one of the
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Table 3: Sub-LPI for the active and closed dumping ground in Dhapa Kolkata

Pollutant e Pollutant e Lgachate Treated
conc. (Active conc. o (Closed disposal leachate Treated
Index Parameters W, (Actl_ve pi dumping (Clos_ed dumping standards _sub— leachate
dumping dumping (Inland index Wip;
ground)? ground) ground)® ground) surfacewater)  valuep;
COD 0.267 5653 66 17.62 2775 55 14.69 250 10 2.67
BODs 0.263 264158 45 11.84 134325 32 8.42 30 6 158
LRl phenolic ~ 0246  0.25 5 1.23 0.18 5 1.23 1.0 5 1.23
organic  compounds
LPlo TCB 0224  8x10’ 100  22.40 7x10° 100 2240 -
summation  1.000 53.09 46.74 5.48
LPl 53.09 46.74 7.03
pH 0.214 8.2 5 1.07 8.2 5 1.07 55-9.0 5 1.07
TKN 0.206 5529.22 100  20.60 2846 94 19.36 100 6 1.24
LPI NHa-N 0198  1681.67 100  19.80 134128 100  19.80 50 7 1.39
Inorgan  TpsS 0.195 10014.17 20 3.90 598750 13 2.54 2100 7 1.37
Ic cl- 0.187 405073 34 6.36 374023 31 5.80 1000 8 1.50
LPliy summation  1.000 51.73 4857 6.57
LPli, 51.73 4857 6.57
Total Cr 0.125 3.22 17 2.13 119 7 0.88 2.0 9 113
Pb 0.123 0.60 7 0.86 0.69 8 0.98 0.1 5 0.62
Hg 0.121 0.87 81 9.80 1.20 92 11.13 0.01 6 0.73
As 0.119 0.03 5 0.60 0.22 5 0.60 0.2 5 0.60
LPI CN™ 0114 003 5 0.57 0.02 5 0.57 0.2 6 0.68
heavy Zn 0.110 7.61 7 0.77 3.26 6 0.66 5.0 6 0.66
metals Ni 0.102 051 6 0.61 0.43 6 0.61 3.0 10 1.02
LPlpm Cu 0.098 0.32 6 0.59 0.27 6 0.59 30 18 1.76
Total Fe 0.088 4.26 5 0.44 3.16 5 0.44 - - -
summation  1.000 16.37 16.46 7.2
LPlym 16.37 16.46 7.89

All values are in mg/L except pH and TCB (M PN/100 ml)

indicators of organic pollution of water and wastewater
quality (Matejczyk et al., 2011). As septic tank sludge
were directly released on the Dhapa landfill site, very
high concentrations of TCB were found in the range of
4x107 - 11x10” MPN/100 ml for the active dumping
ground and 6x106 - 9x10° MPN/100 ml for the closed
dumping ground.

Leachates of the Dhapa landfill site were in the
methanogenic phase as relatively low concentrations
of COD, slightly alkaline pH, intermediate
biodegradability (BOD_/COD) and high concentrations
of NH,-N were observed. Leachates in the
methanogenic phase are also characterized by lower
concentrations of heavy metals (Kjeldsen et al., 2002)
asaresult of sorption and precipitation reactions with
the co-existing sulphides, carbonates and hydroxides
(Lo, 1996). But some of the heavy metalswere observed
inthe higher rangein the leachate samples of the Dhapa
landfill site as the concentrations of the sulphides,
carbonates and hydroxideswere low or insufficient for
the adsorption or precipitation reactions. Thus high

concentrations of Hg and Pb were found in both the
dumping grounds at Dhapa with the mean values of
0.87 mg/L and 0.6 mg/L respectively for the active
dumping ground; 1.20 mg/L and 0.69 mg/L respectively
for the closed dumping ground. The occurence of Hg
in leachate indicated the disposal of household
batteries, fluorescent lamps, medical thermometers,
thermostats etc. along with MSW. Anthropogenic
sources like Pb batteries, Pb based paints and pipes
may be attributed to the high levels of Pb in leachate
(Mor et al., 2006). L eachate from the active dumping
ground exhibited high mean values of total Cr (3.22
mg/L) and Zn (7.61 mg/L). The sources of Cr in the
leachate samples may be attributed to the presence of
Pb-Cr batteries, coloured polythene bags, discarded
plastic materials and empty paint containers in the
disposal site (Parth et al., 2011). L eather tanning and
electroplating effluents are al so a significant source of
Cr (Aravind et al., 2015). Agro-chemicalslikefertilizers
and pesticides are themgjor sourcesof Zn (Parthet al.,
2011). Total Cr and Zn were present with the mean
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values of 1.19 mg/L and 3.26 mg/L for the closed
dumping ground. Leachates were very dark blackish
brown in color which may due to the changes in the
oxidation state of Fe (ferrousion) to Fe™ (ferricion).
Fe eventually form ferric hydroxide colloidsand fulvic
complexes attributing the blackish brown color of the
leachate (Chu et al., 1994). Total Fe was found in the
range of 0.80 — 11.25 mg/L for the active dumping
ground and 1.02 — 9.37 mg/L for the closed dumping
ground which may be due to the presence of Fe and
steel based scrap (Mor et al., 2006). Other heavy metals
which were examined and found to be below the
permissible limit of leachate discharge standards as
per the MoEF ruleswere As, Cu and Ni with the mean
values being 0.03 mg/L, 0.32 mg/L and 0.51 mg/L

respectively for the active dumping ground; 0.22 mg/
L, 0.27 mg/L and 0.43 mg/L respectively for the closed
dumping ground. The presence of heavy metals in
leachate can be attributed to the disposal of
unsegregated MSW in the landfill site.

LPI and Sub-LPI

The mean concentrations of the 18 leachate
pollutantsfor calculating LPI for the active and closed
dumping grounds are represented in column 3 and 6
respectively of Table 2. The sub-index scores of theit"
leachate pollutant i.e. p, value, were obtained from the
sub-index curves as described by Kumar and Alappat,
2005a. Thus on the basis of the p, values, TCB and
ammoniacal nitrogen scored the highest value of 100

LPI organic (53.09)

compounds
1%

LPI inorganic (51.73)

pH
2%

LPI heavy metals (16.37)

As CN~
4% 30p Zn
5% Ni

gx

(a)

(b)

()

Fig. 2: Percentage distribution of the components of (a) LPI organic, (b) LPI inorganic and (c) LPI heavy metals for the

active dumping ground at Dhapa, Kolkata

LPI organic (46.74)

Phenolic i)
componnds _——

3%

LPI inorganic (48.57) LPI heavv metals (16.46)
pH As CONT
2% 4% 3o Z0 N
1% 405

4

Cu

_.1qu Total Fe|
- 3%

~ Tetal Cr
5%

. A ¥ Pb
W v

(a)

Fig. 3: Percentage distribution of the components of (a) LPI organic, (b) LPI inorganic and (c) LPI

(b)

closed dumping ground at Dhapa, Kolkata
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indicating the maximum pollution potentiality in both
the dumping ground at Dhapa. TKN scored a pollution
rating of 100 and 94 for active and closed dumping ground
respectively. Mercury had the p, value of 81 (active
dumping ground) and 92 (cl osed dumping ground) which
implies that it was one of the dominant leachate
pollutants present in the Dhapa landfill site. COD, BOD,
and ClI' had moderate p, values of 66, 45 and 34 for the
active dumping ground; 55, 32 and 31 for the closed
dumping ground respectively. TDS and total Cr had the
p, value of 20 and 17 respectively for the active dumping
ground. The p, values of al other parameters for the
active dumping ground (50% of the parameters) remained
within 8 and for the closed dumping ground (77% of the
parameters) remained within 13 indicating least pollution
potentiality.

The calculated LPI values for the active and closed
dumping grounds were 34.02 and 31.80 respectively.
These LPI values were much higher than the standard
LPI valuefor the treated | eachate disposal limit for inland
surfacewater, 7.378 (Kumar and Alaappat, 2003b). These
high LPI values signify that the dumping grounds were
highly contaminated and the leachate should be
properly treated before discharging it into the inland
surface water. L Pl of the closed dumping ground is still
high since it was active till 2009 and any kind of post
closure reclamation works had not been performed on
the closed dumping ground.

Thesub-LPI scoresfor the active and closed dumping
ground as well as for the treated leachate disposal
standards for inland surface water are represented in
Table 3. For the active dumping ground, the values of
LPI_, LPI , and LPI,_ were 53.09, 51.73 and 16.37
respectively and for the closed dumping ground, were
46.74; 48.57 and 16.46 respectively. The three sub-LPI
values for both the dumping grounds were much higher
than the sub-indices values of the standards for treated
leachate (LPI _, 7.03; LPI ,6.57andLPI,__,7.89) before
disposal to the inland surface water.

TCB was the mgjor pollutant in LPI_ contributing
about 42% in active dumping ground (Fig. 2a) and 48%
in closed dumping ground (Fig. 38). Themajor pollutants
for the LPI, were TKN and NH_-N which contributed
about 40% and 38% respectively in active dumping
ground (Fig. 2b) and 40% and 41% respectively in closed
dumping ground (Fig. 3b). Among the heavy metals, Hg
was the dominant pollutant in LPI,_which contributed
about 60% in active dumping ground (Fig. 2c) and 67%
in closed dumping ground (Fig. 3c).
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CONCLUSION

Leachate generated from the Dhapa MSW
uncontrolled landfill Site demonstrated that it wasinits
methanogenic phasewithintermedi ate biodegradability,
dightly alkaline pH with high concentrationsof NH_-N
and heavy metals. As LPl is a very useful method to
identify the leachate pollution potential of different
landfills, LPI valueof 34.02for theactive dumping ground
and 31.80 for the closed dumping ground at Dhapa,
Kolkataimpliesthat the dumping grounds were highly
unstabilized and hazardous largely exceeding the LPI
vauefor theleachate disposal standards(7.378) for the
inland surface water. The sub-LPI scores of the active
dumping ground, LPI_, 53.09; LPI, ,51.73and LPI _,
16.37 and closed dumping ground, LPI , 46.74; LPI_
4857and LPI, , 16.46indicated thet thevauesaremuch
higher than the leachate disposal standard values of
7.03,6.57 and 7.89 respectively for inland surface water.
As per the individual pollution rating, the major
pollutants identified in the Dhapa active and closed
dumping groundswere TCB, TKN, NH,-N andHg. High
values of LPI_ were mgjorly due to the abundance of
TCB which indicated sanitary and epidemiological
hazard. High LPI,_values were due to the high
concentrations of TKN and NH_-N which showed the
vulnerability of the surrounding groundwater aquifers
and the moderate values of LPI,  were mainly due to
the presence of Hg, one of the priority hazardous
substanceswhich undergoes bio-accumulation and bio-
magnification.

RECOMMENDATIONS

Necessary remedial action should be taken to meet
the discharge standards before leachate is being
properly disposed inthe Dhapalandfill site. Immediate
attention is required as leachate pose threat to the
sorrounding ecosystems and human health. Regular
monitoring is essential to avoid the contamination of
the sub-surface and adjacent aquatic environment.
Leachate treatment processes should also be
encouraged to mitigate furthur environmental problems.
Moreover an engineered sustainable sanitary landfill
site should be designed for solid waste dumping as
thelife span of the existing uncontrolled landfill site at
Dhapais almost exhausted.
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