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ABSTRACT 
In the advent of increasing stress on growth of population in urban and peri-urban centres of 
major Indian cities, solid waste production rate is also elevated rapidly in varying proportion 
from 3-7% per year. In some metropolitan cities, per capita waste production rate even exceeds 
1.0 kg/day. All the municipal authorities are facing an uphill task for scientific disposal of solid 
waste. Amongst various kinds of disposal methods, landfill is the most common and widely used 
practice. However, one of the major concerns of landfill site is leachate migration that results in 
ground water and other lithospheric pollution The removal of organics (COD, BOD), nutrients 
(NH4

+-N, NO3-N) from leachate is usual prerequisites before it mixes with surrounding water 
body. Over the last few years, activated carbon based adsorption phenomenon has been attracted 
as an efficient approach in the wastewater treatment process. During the past decade, a sizeable 
amount of research investigations were carried out by various researchers on activated carbon 
adsorption for treatment of leachate. They have successfully applied the method in the removal 
of organic compound and NH4

+-N from the sample. Activated carbon also acts as a useful 
material for separation of many refractory organics as well as heavy metals from the liquid 
phase. However, other carbon like materials such as rice husk, waste tea leaves, saw dust, 
bagasse ash etc. is less costly and alternately precursors as low cost carbonaceous adsorbent 
materials, which are being used to achieve equivalent efficiency of adsorptive leachate 
treatment. The present paper addresses state of environmental implications for leachate treatment 
by low-cost adsorption technology. It is deemed that the technology would be a very promising 
and potential tool for MSW landfill management leading to sustainable environmental 
conservation. 
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INTRODUCTION 

Rapid wide spread of urbanization, in cessing 
presence of human settlement; development of 
modern e- business, in and around metro-
politan cities leads a surge of solid waste 
production within the corporation jurisdiction.1 
The scare of land area further aggravates the 
disposal problem of large volume of waste 
generation. In addition to various environment-
tal problem associated with landfill system of 
MSW disposal, leachate is gaining a serious 
threat to the society as it has potential for 
causing ground water pollution along with 
partial contribution for negative effect on soil 
fertility.  Affluent   life   style, use of electronic  

articles, commercial activities and small scale 
industrial activities are also acting as catalyst 
indirectly for adding more solid waste quantity 
in community level. The problem of disposal 
of solid waste due to uncontrolled economical 
development has been also described in 
literature.2 The impact of solid waste dumping 
in indiscriminate manner resulted ground water 
pollution in some of the important cities has 
been observed. 2 It is suggested that 
appropriate and sustainable practice must be 
employed in order to protect the environmental 
and human health3 and also to move from a 
sense of despair to one of hope from crisis to 
cure. Leachate contains large amount of 
organic  matter  of which humic substances are  *Author for correspondence 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development        Vol. 8 No. 2, October-December 2013  

366 
 

the major group along with ammonia nitrogen, 
toxic metals, chlorinated organic, phenolic 
compounds even pesticidal residues etc. 
Biological process is conventionally preferred to 
physico-chemical methods but application of 
biological treatment alone does not fulfil the 
satisfactory requirement of effluent quality 
confirming to standard of regulatory board due to 
presence of many dissolved toxic constituents in 
leachate. Due to heterogeneous mixture of solid 
waste, different types of non biodegradable 
organics and xenobiotic, pesticides also emanate 
through leachate. The chemicals such as BTEX, 
PAH, Phenols and its derivatives, chlorinated 
pesticides, organo-phosphoric pesticides etc.are 
found in leachate.4 Adsorption process is a 
conventional and economical process for 
treatment of dissolved toxic and organic matters. 
Activated carbon is widely used materials for 
adsorption system. However, various other low 
cost carbonaceous materials are also being used 
and explored for using them as adsorbent 5-7  

AIMS AND OBJECTIVES 
To describe the toxic characteristic of leachate 
and its treatment by various low cost adsorbents.  

DISCUSSION 
Landfill leachate 
In the ancient times, the early concept of solid 
waste management was developed by the Indian 
cities with the construction of brick drains during 
the 3500 B.C. (before century), which in 1900 
B.C., the installation of a sewage disposal system 
(including water closets) in the ancient city of 
Knossos, and the regulations against littering in 
the Roman Empire had been introduced. 
Meanwhile, in the 1920s, the first household 
waste collection system was pioneered in an 
apartment house in Stockholm, with the 
invention of vehicles equipped specially for 
waste transportation. Until 1959, the first 
technical municipal solid waste disposal 
guidelines have been published, of which the 
controlled disposal of municipal solid waste was 
recognized as an activity falling within the 
sphere of the civil engineers in the early of 
1930s.In the 1970s, concomitant with the 
industrialization progress and modernization 
growth,   intensive   widespread  of  a  substantial  

amount of new packing materials (newspapers, 
glass, plastic and metals) has inspired a drastic 
rise of the contents and volumes of household 
wastes.8 In the early fills, it was a common 
practice to dispose refuse by uncontrolled tipping 
or dumping, an operation in which waste is 
tipped or dumped to fill in a pre-existing hole, or 
in low economic value open dumps on selected 
pieces of land (inundated swampland, abandoned 
sand mines and quarries),without taking care of 
the surrounding environment, nor considering 
any precautions to compact, cover and prohibit 
the spreading of leachate to underlying 
waterways, with the intention of redeveloping the 
landscape.8 Most of the solid waste disposal 
ground is laid unscientific way and these sites are 
sources of generation of contaminated leachate.1 
Today, the application of scientific, engineering, 
and economic principles has been adopted 
towards the framework transformation of 
landfills, of which the monitoring of leachate has 
routinely performed by the landfill operators and 
prescribed by the authorities.4 
Leachate pollution 
Landfill leachate is defined as any contaminated 
liquid effluent percolating through deposited 
waste due to infiltration of rain water and 
hydrolysis of waste product from the 
contaminant within the filling material and 
emitted within a landfill or dump site.8 More 
precisely, it is a soluble organic and mineral 
compound formed when water infiltrates into the 
refuse layers, extracts a series of contaminants 
and instigates a complex interplay between the 
hydrological and biogeochemical reactions that 
acts as a mass transfer mechanisms for producing 
of moisture content sufficiently high to initiate 
the liquid flow, induced by the gravity force, 
precipitation, irrigation, surface runoff, rainfall, 
snowmelt, recirculation, liquid waste co-disposal, 
refuse decomposition, groundwater intrusion and 
initial moisture content present within the 
landfills .Under normal conditions, leachate 
migrates down through the pores within the 
waste mass, and in modern containment landfills, 
it drains away in the engineered drainage layer, 
collected at the lowest point in a sump or storage 
reservoir. Landfill leachate is a potential 
pollution agent liquid, which unless returned to 
the environment in a carefully controlled manner 
cause   harmful  effects  on the groundwater and  
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surface water surrounding to a landfill site. 
Leachate from a biodegradable landfill 
contains significant concentrations of 
substances such as ammonical-nitrogen, which 
is toxic to many organisms. The quality of 
leachate is determined primarily by the 
composition and solubility of the waste 
constituents. If waste is changing in 
composition, for example due to weathering or 
biodegradation, then leachate quality will 
change with time. This is particularly the case 
in landfills containing municipal waste. The 
stages in the generation of leachate set out 
below are representative of landfills that have 
received non-hazardous municipal waste.9 

Environmental impact 
Despite the evolution of landfill technology, 
from open uncontrolled dumps to highly 
engineered facilities for eliminating or 
minimizing the potential adverse impact of the 
waste on the surrounding environment, the 
leachate generation is an inevitable 
consequence of the practice of waste disposal 
in landfills.10 A poorly managed, landfill 
become a source of hydro-geological 
contamination due to the risk of leachate 
infiltrating into the natural environment and 
groundwater table, thus poses a multiple, 
synergistic, carcinogenic and acute toxicity and 
genotoxicity. Relatively, a couple of 100 
hazardous compounds have been identified in 
the heterogeneous landfill leachate (aromatic 
compounds, halogenated compounds, phenols, 
pesticides, heavy metals and ammonium), 
which present an accumulative, threatening 
and detrimental effect to the survival of aquatic 
life form, ecology and food chains, by 
imposing a significant influence on the 
mobilization and attenuation towards the 
complexation of organic ligands and colloidal 
matters. 
Toxic pollutants in landfill leachate 
Typically, the characteristic of the landfill 
leachate is represented by Chemical Oxygen 
Demand (COD), Total Organic Carbon (TOC), 
Biochemical Oxygen Demand (BOD), 
BOD/COD ratio, pH, Suspended Solids (SS), 
Ammonium Nitrogen (NH3-N), Total Kjeldahl 
Nitrogen (TKN), bacterial count, turbidity      
or   heavy   metals content, which   provided   a  

prerequisite insight into the prediction of 
future trends of leachate quality and the design 
and operation of leachate management 
facilities.11 Accordingly, four successive stages 
are involved in the degradation processes: (1) 
Aerobic stage; (2) hydrolysis and fermentation 
stage; (3) anaerobic acetogenic stage; and (4) 
anaerobic methanogenic stage, of which each 
stage is dynamic and dependent on the 
formation of a suitable environment by the 
preceding stage (the competing ability of the 
microbiological community to function within 
a changing chemical environment, leading 
directly towards the gas and leachate 
production.  
Leachate treatment 
The generated leachate to be collected properly 
and must be appropriately treated before being 
discharged into the environment. The options for 
treatment include recirculating the leachate back 
to the landfill, treating for sanitary sewer 
discharge, or treating for local surface water 
discharge. The treatment of landfill leachate 
together with municipal wastewater is not 
advised due to the accumulation of hazardous 
compounds (XOCs, heavy metals) from the 
leachates in the activated sludge during the 
treatment process. It makes the use of this sludge 
as fertiliser in agriculture impossible. 
Technologies meant for leachate treatment can be 
classified as follows (i) biological methods (ii) 
chemical and physical methods. However, in 
order to meet strict quality Standards for direct 
discharge of leachate into the surface water, a 
development of integrated methods of treatment, 
i.e. a combination of chemical, physical and 
biological steps, are recommended.5 
Treatment methods 
Following methods are recommended for 
treating leachate generate from landfill site 
A. Biological treatment processes 
1. Rotating biological contactors 
2. Aerobic activated sludge 
3. Anaerobic systems 
4. Aerobic systems 
B. Physico-chemical techniques 
1. Coagulation–flocculation 
2. Adsorption process 
3. Membrane process 
4. Chemical oxidation, AOP processes 
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C. Combined physico-chemical and biological 
methods—Landfill leachate treatment plants 
case 

1. Nitrification/denitrification-O3/UV-post-
biological oxidation 

2. Nitrification/denitrification–precipitation–
ozonation 

3. Chemical precipitation-Membrane Bioreac-
tor (MBR)—Reverse Osmosis (RO) 

4. Coagulation-2 stages of reverse osmosis 
neutralization/sterilization 

5. Biological pre-treatment—TiO2/UV-post-
biological oxidation 

Adsorption process 
Over the last decade a sizeable research 
investigations have been undertaken by various 
scientists for landfill leachate treatment using 
activated carbon adsorption process. Adsorption 
process is a surface phenomenon where mixture 
of many components present in liquid or waste 
water is treated by forming an attachment bond 
by physical and chemical processes. The surface 
area pore structure, thermo stability and low acid 
base reactivity also play determination factor for 
obtaining efficiency of adsorption system. The 
adsorption process is used for integrated 
treatment of leachate by combined chemical–
physical–biological processes or simultaneously 
combined biological process.12 The most 
frequently used adsorbent is granular or 
powdered activated carbon. It is reported that 
Carbon adsorption are effective for 50–70% 
removal of both COD and ammonia nitrogen, 
also ensure final polishing level by removing 
toxic heavy metals or organics i.e. AOXs, PCB, 
etc. and  to support the microorganisms. Apart 
from activated carbon other materials used as 
adsorbents were zeolite, vermiculite, illite, 
keolinite, activated alumina and municipal waste 
incinerator bottom ash. 
Adsorption of landfill leachate on activated 
carbons prepared from rice husk and 
sugarcane bagasse 
The landfill leachate was treated by the three 
different adsorbents viz. Rice husk, commercial 
activated carbon (PAC), Zeolitised fly ash 
material (CV-Z)13 COD removals obtained with 
zeolitised fly ash material (CV-Z) were very low, 
5% and 14%, for CV-Z doses of 10 and 30mg/L 
respectively. However, the rice husk activated 
carbon (RH AC) treatment achieved a COD 

removal of 34% and 70% for the same 
concentrations of dose. Rodriguez et al.14 used a 
granulated AC with a surface area of 1000m2/g 
and three resins to remove COD from landfill 
leachate. Amongst all the four adsorbents, the AC 
showed the highest COD removal, reducing the 
COD level from 1300 to 200 mg/L after 2 h of 
contact, which corresponds to a reduction of 
85%.Regarding NH4-N, CV-Z removed just 
10% at 10 g/L, but at 30 g/L the removal of 
ammonium-N significantly increased to 
74%.CV-Z did not remove any colour. The 
colour of the leachate was efficiently removed 
using PAC at 30 g/L under the same conditions. 
Removal efficiencies obtained were 79% and 
98%, for 10 and 30 g/L of PAC, respectively. The 
RH AC removed 31% and 60% of colour when 
10 and 30 g/L were used, respectively. Therefore, 
RH AC showed at 30 g/L a similar adsorption 
capacity to the commercial AC in the case of 
COD. 
Landfill leachate treatment via granular 
activated carbon and powder activated 
carbon adsorption process 
The leachate from the Goslar landfill, Germany 
was evaluated using a Granular Activated Carbon 
(GAC) column in 1995 that illustrated a COD 
removal of 91% with an initial concentration of 
940mg/L.8 Accordingly, film diffusion and 
internal surface diffusion were demonstrated to 
play a key role in determining its kinetic rate. In 
Greece (Thessaloniki landfill), a similar kind of 
study was conducted with powder activated 
carbons (PAC) of varying doses (from 0.2 to 10.0 
g/L), suggesting the fitting of the experimental 
data in Freundlich isotherm with a COD removal 
of 95% (initial concentration of 5690 mg/L). 
Separate investigation have been carried out 
utilizing granular activated carbon, granular 
activated alumina and ferric chloride for the 
treatment of heavy metals [Cd (II), Cu (II), Cr 
(III), Mn (II), Pb (II) and Zn (II)], indicating 
granular activated carbon to be the most 
important adsorbent with the removal of 80–
96%, at a pH range of 6–7.7 (initial concentration 
of 184mg/L). In a comparative study for the 
removal of ammonium nitrogen was undertaken 
using granular activated carbons and limestone in 
the Burung Island landfill, Malaysia. 
Approximately 40% of ammonium nitrogen with 
an    initial    concentration   of    1909 mg/L  was  
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eliminated with 42 g/L of GAC while 19% 
removal was achieved using 56 g/L of limestone 
under the initial concentration. 
Removal of non-biodegradable organic matter 
from landfill leachates by adsorption 
Leachates produced at the La Zoreda landfill in 
Asturias, Spain, were recirculated through a 
simulated landfill pilot plant. Prior to 
recirculation, three loads of different amounts of 
Municipal Solid Waste (MSW) were added to the 
plant, forming in this way consecutive layers. 
When anaerobic digestion was almost 
completed, the leachates from the landfill were 
recirculated. After recirculation, a new load of 
MSW was added and recirculation was carried 
out. The organic load of the three landfill 
leachates recirculated through the anaerobic pilot 
plant was decreased from initial values of 5108, 
3782 and 2560 mg/l to values of between 1500 
and 1600 mg/l. Despite achieving reductions in 
the organic load, a residual organic load was still 
left behind was mainly composed of non- 
biodegradable organic constituents such as humic 
substances. Similar values of the Chemical 
Oxygen Demand (COD) were obtained when the 
landfill leachate was treated by a pressurised 
anoxic–aerobic process followed by ultra 
filtration. After recirculation through the pilot 
plant, physico-chemical treatment was carried 
out to reduce the COD of the leachate. The pH of 
the leachate was decreased to a value of 1.5 to 
precipitate the humic fraction, obtaining a 
reduction in COD of about 13.5%. The 
supernatant liquid was treated with activated 
carbon and different resins, XAD-8, XAD-4 and 
IR-120. Activated carbon presented the highest 
adsorption capacities, obtaining COD values for 
the treated leachate in the order of 200 mg/L. 
Similar results were obtained when treating with 
activated carbon, the leachate from the biological 
treatment plant at the La Zoreda landfill; in this 
case without decreasing the pH.14 
Treatment of landfill leachate using Palm 
Shell-Activated Carbon column (PSAC) 
A low cost Palm Shell Activated Carbon (PSAC) 
was prepared from palm shell and grounded to 
size range of 0.6 -1.18 mm in separate 
investigation. The surface area and pore volume 
of PSAC were found as 595m2/g and 0.36 cm3/g 
respectively. 

Removal of 4-chlorophenol using coconut 
shell waste pre-treated with chemical agents 
At concentration higher than 1 mg/L, 4-
chlorophenol (4-CP) is very toxic to living 
organisms, and if ingested beyond the permitted 
concentration it causes health disorders such as 
cancer and mutation. A laboratory study 
investigation was done further treatment of 
contaminated water laden with 4-CP using 
coconut shell charcoal (CSC) waste. Batch 
studies were conducted to study the effects of 
dose, pH, and equilibrium time on 4-CP removal. 
To improve 4-CP removal, surface modification 
of the adsorbent with TiO2, HNO3, and/or 
NaOH was undertaken. The result showed at an 
initial 4-CP concentration of 25 mg/L under 
optimized conditions (dose 13.5 g/L, pH 2.0; 
agitation speed 150 rpm and 50 min equilibrium 
time), the NaOH-treated CSC demonstrated a 
greater removal of 4-CP (71%)than those 
oxidized with HNO3 (40%) and/or coated with 
TiO2 (52%). The adsorption capacity of the 
NaOH-treated CSC (54.65 mg/g) was higher 
than those treated with HNO3 (23.13 mg/ g) or 
coated with TiO2 (48.42 mg/ g). Although 
treatment results using the NaOH-treated CSC 
alone were promising, the treated effluents were 
still unable to meet the required limit of less than 
1mg/L. Therefore, subsequent treatments are still 
required to complement the removal of 4-CP 
from the wastewater.15 

CONCLUSION 
Landfill leachate is a hazardous liquid emanates 
from municipal landfill sites. It contains high 
level of biodegradable organics, inorganic heavy 
metals, non-degradable organic hydrocarbon, 
phenols and Xenobiotic compound including 
pesticides. A sizable research works are carried 
out by various scientists for assessing the quality 
of leachate for MSW landfill sites. They have 
mentioned that organic pollutant (high strength 
COD) is predominant over other pollutants. 
Limited amount of work have been done in 
Indian context to assess the potential of pollutant 
emanated from landfill sites evaluating LPI. 
Though sizeable amount of work have been done 
by some of the early research investigators to 
determine the efficiency of adsorbing materials 
viz. activated carbon, commercial charcoal, fly 
ash etc, for treatment of toxic organic and heavy  
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metals from leachate, still further study is needed 
to explore the efficiency of low cost adsorption 
system to treat leachate particularly phenols and 
Xenobiotic compound present in leachate. Under 
these circumstances it is urged to explore the 
adsorption system for treatment of leachate along 
with secondary treatment of leachate or in 
combination of biological process for further 
polishing of effluent. 
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Our environmental problems 
originate in the hubris of imagining 
ourselves as the central nervous 
system or the brain of nature. We're 
not the brain, we are a cancer on 
nature. 

                              Dave Foreman 

 


