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OVERVIEW 

 

In Unit 3, we examined waste collection system that subsumes activities such as 

waste collection, storage and transportation. As a logical sequence, the wastes 
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collected should properly be disposed of to avoid health and environmental 

hazards, and this is the focus of Unit 4. We will begin this Unit by explaining the 

key issues in waste disposal followed by disposal options and selection criteria. 

Then, we will discuss the engineered waste disposal option in detail and explain 

the principles, processes, environmental concerns and issues related to its 

design, construction and monitoring. Finally, we will present a case study of 

disposal option.  

 

LEARNING OBJECTIVES  

 

After completing this Unit, you should be able to: 

 

 assess key issues associated with waste disposal;  

 evaluate the various options for disposal of wastes and their selection criteria;  

 explain the design, operation and maintenance of sanitary landfill;  

 determine the most viable disposal option for your locality.  

 

 

4.1 KEY ISSUES IN WASTE DISPOSAL 

 

 

Let us first get one thing very clear: there is no option but to dispose of wastes. 

Disposal is the final element in the SWM system. It is the ultimate fate of all solid 

wastes, be they residential wastes collected and transported directly to a landfill 

site, semisolid waste (sludge) from municipal and industrial treatment plants, 

incinerator residue, compost or other substances from various solid waste 

processing plants that are of no further use to society. It is, therefore, imperative 

to have a proper plan in place for safe disposal of solid wastes, which involves 

appropriate handling of residual matter after solid wastes have been processed 

and the recovery of conversion products/energy has been achieved. It follows 

that an efficient SWM system must provide an environmentally sound disposal 

option for waste that cannot be reduced, recycled, composted, combusted, or 

processed further (Ali, et al 1999). 
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However, in these days, indiscriminate disposal of wastes in many regions is 

very common, giving rise to such problems as: 

 

 health hazards (e.g., residents in the vicinity of wastes inhale dust and smoke 

when the wastes are burnt; workers and rag pickers come into direct contact with 

wastes, etc.);  

 pollution due to smoke; 

 pollution from waste leachate and gas; 

 blockage of open drains and sewers.  

 

Clearly, safe disposal of solid wastes is important for safeguarding both public 

health and the environment.  

 

Issues to be overcome 

 

To achieve effective waste disposal, we must overcome the following the 

constraints:  

 

(i) Municipal capacities: With the increasing volume of waste generation, 

collection of wastes gets more attention than disposal. Furthermore, in India, only 

a few municipalities seem to have the required experience or capacity for 

controlled disposal. Some municipalities may have identified disposal sites but 

still only few may actively manage them. In some places, contracting out waste 

disposal is seen as a solution. But, municipalities are not equipped to deal with 

the problems associated with it, such as issues of privatisation and monitoring of 

the contract. 

 

(ii) Political commitment: SWM is more than a technical issue, as any 

successful programme needs effective political and governmental support. This 

is rarely a priority of government authorities, unless there is a strong and active 

public interest as well as international interventions.   
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(iii) Finance and cost recovery: Development of a sanitary landfill site 

represents a major investment and it generally receives less priority over other 

resource demands. And, even when establishment costs are secured for a 

disposal site, recurrent costs to maintain it always pose problems.  

 

(iv) Technical guidelines: Standards established for waste disposal in one 

country need not necessarily be appropriate for another, due to reasons such as 

climatic conditions, resources availability, institutional infrastructure, socio-

cultural values, etc. In the absence of adequate data and/or the means of 

collecting/acquiring it, officials often struggle to plan a safe and economically 

viable disposal option.  

 

(v) Institutional role and responsibility: A disposal site may be located 

outside the boundary of a town and may serve more than one town. This 

necessitates the co-ordination of all authorities concerned, and the roles and 

responsibilities of different departments need to be clearly defined and accepted 

by all concerned. 

 

(vi) Location: The accessibility of a disposal site, especially its distance from 

town, is an important factor in site selection, especially when staff and public do 

not have a strong incentive to use it, when compared to indiscriminate dumping. 

Site selection is perhaps the most difficult stage in the development of suitable 

disposal option.  
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4.2 DISPOSAL OPTIONS AND SELECTION  

 CRITERIA 

 

 

The most common disposal option practised currently in many countries is either 

uncontrolled dumping or dumping with moderate control. The environmental 

costs of uncontrolled dumping include breeding of disease causing vectors (e.g., 

flies, mosquitoes and rodents), pollution, odour and smoke.  In Subsection 4.2.1, 

we will discuss some of the options available for waste disposal.  However, it 

LEARNING ACTIVITY 4.1 

 

Identify waste disposal constraints faced by municipal authorities of your 
locality. 
 
Note: 
a) Write your answer in the space given below. 
b) Check your answer with the one given at the end of this Unit. 
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should be noted that the option selected for waste disposal must mesh with the 

existing socio-cultural milieu, infrastructure, etc., and this we will discuss in 

Subsection 4.2.2. 

 

4.2.1  Disposal options 

 

In this Subsection, we will touch upon some the options available for waste 

disposal, and in that respect, we will consider the following:    

 

(i) Uncontrolled dumping or non-engineered disposal:  As mentioned, 

this is the most common method being practised in many parts of the world, and 

India is no exception. In this method, wastes are dumped at a designated site 

without any environmental control. They tend to remain there for a long period of 

time, pose health risks and cause environmental degradation. Due to the adverse 

health and environmental impact associated with it, the non-engineered disposal 

is not considered a viable and safe option.  

 

(ii) Sanitary landfill: Unlike the non-engineered disposal, sanitary landfill is 

a fully engineered disposal option in that the selected location or wasteland is 

carefully engineered in advance before it is pressed into service. Operators of 

sanitary landfills can minimise the effects of leachate (i.e., polluted water which 

flows from a landfill) and gas production through proper site selection, 

preparation and management. This particular option of waste disposal is suitable 

when the land is available at an affordable price, and adequate workforce and 

technical resources are available to operate and manage the site. We will 

discuss this option in detail in Section 4.3. 

 

(iii) Composting: This is a biological process of decomposition in which 

organisms, under controlled conditions of ventilation, temperature and moisture, 

convert the organic portion of solid waste into humus-like material. If this process 

is carried out effectively, what we get as the final product is a stable, odour-free 

soil conditioner. Generally, the option of composting is considered, when a 

considerable amount of biodegradable waste is available in the waste stream 

and there is use or market for composts. Composting can be either centralised or 
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small-scale. Centralised composting plants are possible, if adequate skilled 

workforce and equipments are available. And, small-scale composting practices 

can be effective at household level, but this needs public awareness. We will 

discuss composting processes, methods, technologies and environmental 

consequences in detail in Unit 7.  

 

(iv) Incineration: This refers to the controlled burning of wastes, at a high 

temperature (roughly 1200 – 1500 C), which sterilises and stabilises the waste in 

addition to reducing its volume. In the process, most of the combustible materials 

(i.e., self-sustaining combustible matter, which saves the energy needed to 

maintain the combustion) such as paper or plastics get converted into carbon 

dioxide and ash. Incineration may be used as a disposal option, when land filling 

is not possible and the waste composition is highly combustible. An appropriate 

technology, infrastructure and skilled workforce are required to operate and 

maintain the plant. We will discuss in detail the process, technology and 

environmental concerns of incineration, which is generally limited to hospital and 

other biological wastes, in Unit 8.   

 

(v) Gasification: This is the partial combustion of carbonaceous material 

(through combustion) at high temperature (roughly 1000 C) forming a gas, 

comprising mainly carbon dioxide, carbon monoxide, nitrogen, hydrogen, water 

vapour and methane, which can be used as fuel. We will discuss the aspects of 

energy recovery, including gasification and refuse-derived fuel (RDF), described 

below, in Unit 8.  

 

(vi) Refuse-derived fuel (RDF): This is the combustible part of raw waste, 

separated for burning as fuel. Various physical processes such as screening, 

size reduction, magnetic separation, etc., are used to separate the combustibles 

(see Unit 8 for details).  

 

(vii) Pyrolysis: This is the thermal degradation of carbonaceous material to 

gaseous, liquid and solid fraction in the absence of oxygen. This occurs at a 

temperature between 200 and 900 C. The product of pyrolysis is a gas of 
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relatively high calorific value of 20,000 joules per gram with oils, tars and solid 

burned residue (Ali, et al 1999). 

 

Relative merits of some options 

 

Having touched upon several disposal options, let us now present the merits and 

demerits of some of them in Table 4.1: 

 

Table 4.1 
Relative Merits of Disposal Options 

 

Disposal Option  Non-
engineered 

Disposal  

Sanitary 
Landfill 

Composting Incineration 

Sustainability Indicator 

Volume reduction     

Expensive     

Long term maintenance     

By product recovery      

Adaptability to all wastes     

Adverse environmental 
effect  

    

 

Source: http//ces.iisc.ernet.in/energy/SWMTR/TR85.html 

 

4.2.2 Selection criteria  

 

With the help of proper frameworks and sub-frameworks, we can assess the 

effectiveness of each of the waste disposal options (see Subsection 4.2.1). While 

a framework represents an aid to decision-making and helps to ensure the key 

issues are considered, a sub-framework explains how and why the necessary 

information should be obtained (Ali, et al 1999). A framework contains a list of 

issues and questions pertaining to the technical, institutional, financial, social and 

environmental features of a waste disposal system to assess the capacity of a 

disposal option to meet the requirements. For example, an appraisal of waste 

disposal option must include the following:  

 

(i) Technical: This feature, involving efficient and effective operation of the 

technology being used, evaluates the following components of a SWM system:  
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 composition of wastes, e.g., type, characteristics and quantity.  

 existing practices, e.g., collection, transport, and recycling process. 

 siting, e.g., location of disposal site, engineering material, etc.  

 technology, e.g., operation, maintenance, technical support, etc. 

 impact, e.g., anticipated by-product, requirement for their treatment and 

disposal, etc. 

 

(ii) Institutional: This involves the ability and willingness of responsible 

agencies to operate and manage the system by evaluating the following: 

 

 structures, roles and responsibilities, e.g., current institutional 

frameworks. 

 operational capacity, e.g., municipal capacities, local experience and 

staff training. 

 incentives, e.g., management improvement and waste disposal 

practices. 

 innovation and partnership.  

 

(iii) Financial: This assesses the ability to finance the implementation, 

operation and maintenance of the system by evaluating the following:  

 

 financing and cost recovery, e.g., willingness to raise finance for waste 

management. 

 current revenue and expenditure on waste management. 

 potential need for external finance for capital cost. 

 

(iv) Social: This helps in avoiding adverse social impact by evaluating the 

following: 

 

 waste picking, which has an impact on livelihood and access to waste 

pickers. 
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 health and income implication. 

 public opinions on the existing and proposed system. 

 

(v) Environmental: This means setting up an environment friendly disposal 

system by evaluating the following:  

 

 initial environmental risks, i.e., impact of existing and proposed disposal 

option. 

 long-term environmental risks, i.e., long-term implication (future 

impacts). 

 

 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 

 

 

LEARNING ACTIVITY 4.2 

 

Considering the selection criteria, suggest the best disposal option for your 
locality. 
 
Note: 
a) Write your answer in the space given below. 
b) Check your answer with the one given at the end of this Unit. 
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We touched upon the various disposal options alongside the selection criteria for 

disposal options. One such option we mentioned is engineered disposal, often 

referred to as sanitary landfill. Although in several countries, uncontrolled 

dumping is still the most prevalent disposal option, sanitary landfill is gradually 

taking precedence as the ill effects of uncontrolled dumping are increasing. This 

being so, we will discuss the principle, processes, design, construction and 

monitoring aspects of sanitary landfill next. 

 

 

4.3 SANITARY LANDFILL 

 

 

The term landfill generally refers to an engineered deposit of wastes either in 

pits/trenches or on the surface. And, a sanitary landfill is essentially a landfill, 

where proper mechanisms are available to control the environmental risks 

associated with the disposal of wastes and to make available the land, 

subsequent to disposal, for other purposes. However, you must note that a 

landfill need not necessarily be an engineered site, when the waste is largely 

inert at final disposal, as in rural areas, where wastes contain a large proportion 

of soil and dirt. This practice  

is generally designated as non-engineered disposal method. When compared to 

uncontrolled dumping, engineered landfills are more likely to have pre-planned 

installations, environmental monitoring, and organised and trained workforce. 

Sanitary landfill implementation, therefore, requires careful site selection, 

preparation and management. 

 

The four minimum requirements you need to consider for a sanitary landfill are:  

 

 

(i) full or partial hydrological isolation;  

(ii) formal engineering preparation; 

(iii) permanent control; 

(iv) planned waste emplacement and covering.  
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Against this background, let us now discuss the principles, processes and 

operation of sanitary landfills.   

 

4.3.1  Principle  

 

The purpose of land filling is to bury or alter the chemical composition of the 

wastes so that they do not pose any threat to the environment or public health.  

Landfills are not homogeneous and are usually made up of cells in which a 

discrete volume of waste is kept isolated from adjacent waste cells by a suitable 

barrier.  The barriers between cells generally consist of a layer of natural soil 

(i.e., clay), which restricts downward or lateral escape of the waste constituents 

or leachate.  

 

Land filling relies on containment rather than treatment (for control) of wastes. If 

properly executed, it is a safer and cheaper method than incineration (see Unit 

8). An environmentally sound sanitary landfill comprises appropriate liners for 

protection of the groundwater (from contaminated leachate), run-off controls, 

leachate collection and treatment, monitoring wells and appropriate final cover 

design (Phelps, 1995). Figure 4.1 below gives a schematic layout of sanitary 

landfill along with its various components: 
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Figure 4.1 
Schematic Layout of Sanitary Landfill  

 
 

Ground Water

WasteLiner 
(synthetic 
or natural)

M ethane  M on ito r ing F inal cover 
Gas control

Ground water 
monitoring

Leachate 
collection 

system

Design components in a subtitle D Landfill
 

P: precipitation; J: irrigation or leachate recirculation; R: surface runoff; R*: runoff from external 

areas; ET: actual evapotranspiration; Pi = P+J+R*- R-ET+/ Us; Us: water contents in soil; Uw: 
water content in waste; S: water added in sludge disposal; b : water production (if>0) or 
consumption (if <0) caused by biological degradation of organic matter; Is/Ig: water from natural 

aquifers; L=Pi+S+Ig+b +/- Uw; L: total leachate production; Li: infiltration into aquifers; Lr: leachate 
collected by drains. 

 

Before we take up landfill processes for discussion in Subsection 4.3.2, let us 

touch upon the phases in the life cycle of a landfill, and these are:  
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 Planning phase: This typically involves preliminary hydro-geological and 

geo-technical site investigations as a basis for actual design. 

 Construction phase: This involves earthworks, road and facility construction 

and preparation (liners and drains) of the fill area. 

 Operation phase (5 – 20 years): This phase has a high intensity of traffic, 

work at the front of the fill, operation of environmental installations and 

completion of finished sections. 

 Completed phase (20 – 100 years): This phase involves the termination of 

the actual filling to the time when the environmental installations need no longer 

be operated.  The emissions may have by then decreased to a level where they 

do not need any further treatment and can be discharged freely into the 

surroundings. 

 Final storage phase: In this phase, the landfill is integrated into the 

surroundings for other purposes, and no longer needs special attention. 

 
4.3.2 Landfill processes   

 

The feasibility of land disposal of solid wastes depends on factors such as the 

type, quantity and characteristics of wastes, the prevailing laws and regulations, 

and soil and site characteristics. Let us now explain some of these processes. 

  

(i) Site selection process and considerations: This requires the 

development of a working plan – a plan, or a series of plans, outlining the 

development and descriptions of site location, operation, engineering and site 

restoration. Considerations for site include public opinion, traffic patterns and 

congestion, climate, zoning requirements, availability of cover material and liner 

as well, high trees or buffer in the site perimeter, historic buildings, and 

endangered species, wetlands, and site land environmental factors, speed limits, 

underpass limitations, load limits on roadways, bridge capacities, and proximity 

of major roadways, haul distance, hydrology and detours.  

(ii) Settling process: The waste body of a landfill undergoes different stages 

of settling or deformation. Figure 4.2 below illustrates these stages:  

Figure 4.2 
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Settling Processes in Landfill 

 

 

The three stages shown in the figure above are described below: 

 

 Primary consolidation: During this stage, a substantial amount of 

settling occurs.  This settlement is caused by the weight of the waste layers.  The 

movement of trucks, bulldozers or mechanical compactors will also enhance this 

process.  After this primary consolidation, or short-term deformation stage, 

aerobic degradation processes occur. 

 Secondary compression: During this stage, the rate of settling is 

much lower than that in the primary consolidation stage, as the settling occurs 

through compression, which cannot be enhanced. 

 Decomposition: During the degradation processes, organic material is 

converted into gas and leachate.  The settling rate during this stage increases 

compared to the secondary compression stage, and continues until all 

decomposable organic matter is degraded.  The settling rate, however, gradually 

decreases with the passage of time. 

 

To appropriately design protective liners, and gas and leachate collection 

systems, it is, therefore, necessary to have a proper knowledge of the settling 

process of wastes.   
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(iii) Microbial degradation process: The microbial degradation process is 

the most important biological process occurring in a landfill.  These processes 

induce changes in the chemical and physical environment within the waste body, 

which determine the quality of leachate and both the quality and quantity of 

landfill gas (see Subsection 4.3.2). Assuming that landfills mostly receive organic 

wastes, microbial processes will dominate the stabilisation of the waste and 

therefore govern landfill gas generation and leachate composition. Soon after 

disposal, the predominant part of the wastes becomes anaerobic, and the 

bacteria will start degrading the solid organic carbon, eventually to produce 

carbon dioxide and methane.  The anaerobic degradation process undergoes the 

following stages: 

 

 Solid and complex dissolved organic compounds are hydrolysed and 

fermented by the fermenters primarily to volatile fatty acids, alcohols, hydrogen 

and carbon dioxide.  

 An acidogenic group of bacteria converts the products of the first stage 

to acetic acid, hydrogen and carbon dioxide.  

 Methanogenic bacteria convert acetic acid to methane and carbon 

dioxide and hydrogenophilic bacteria convert hydrogen and carbon dioxide to 

methane. 

 

The biotic factors that affect methane formation in the landfill are pH, alkalinity, 

nutrients, temperature, oxygen and moisture content. 

 

Enhancement of degradation 

 

Enhancement of the degradation processes in landfills will result in a faster 

stabilisation of the waste in the landfill, which enhances gas production, and we 

can achieve this by:  

 

 Adding partly composted waste: As the readily degradable organic matter 

has already been decomposed aerobically, the rapid acid production phase is 

overcome, and the balance of acid and methane production bacteria can develop 

earlier and the consequent dilution effect lowers the organic acid concentration.  
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 Recirculating leachate: This may have positive effects since a slow 

increase in moisture will cause a long period of gas production. During warmer 

periods, recirculated leachate will evaporate, resulting in lower amounts of 

excess leachate. 

LEARNING ACTIVITY 4.3 

 

Do you think a sanitary landfill is possible to manage wastes in your locality? 
List at least three reasons to support your answer. 
 
Note: 
a) Write your answer in the space given below. 
b) Check your answer with the one given at the end of this Unit. 
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We mentioned earlier that microbial degradation of waste under anaerobic 

conditions induces gas emission and leachate formation.  We will explain this 

further, next. 

 

Landfill gas and leachate  

 

Leachate and landfill gas comprise the major hazards associated with a landfill.  

While leachate may contaminate the surrounding land and water, landfill gas can 

be toxic and lead to global warming and explosion leading to human catastrophe 

(Phelps, 1995). (Note that global warming, also known as greenhouse effect, 

refers to the warming of the earth’s atmosphere by the accumulation of gases 

(e.g., methane, carbon dioxide and chlorofluorocarbons) that absorbs reflected 

solar radiation.) The factors, which affect the production of leachate and landfill 

gas, are the following:   

 

 Nature of waste: The deposition of waste containing biodegradable matter 

invariably leads to the production of gas and leachate, and the amount depends 

on the content of biodegradable material in the waste. 

 Moisture content: Most micro-organisms require a minimum of 

approximately 12% (by weight) moisture for growth, and thus the moisture 

content of landfill waste is an important factor in determining the amount and 

extent of leachate and gas production. 

 pH: The methanogenic bacteria within a landfill produce methane gas, which 

will grow only at low pH range around neutrality.  

 Particle size and density: The size of waste particle affects the density that 

can be achieved upon compaction and affects the surface area and hence 

volume. Both affect moisture absorption and therefore are potential for biological 

degradation. 

 Temperature: An increase in temperature tends to increase gas production. 

The temperature affects the microbial activity to the extent that it is possible to 

segregate bacteria, according to their optimum temperature operating conditions.  
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Note that the composition of waste, which varies with region and climate 

(season), determines the variation in pollution potential. Carbohydrates comprise 

a large percentage of biodegradable matter within municipal waste, the overall 

breakdown of which can be represented by the following equation:  

 

               (Bacteria) 

     C6 H12 O6        CH4       +          CO2           +      Biomass + Heat 

(Carbohydrate)        (Methane)     (Carbon dioxide)         

 

Let us now discuss landfill leachate and gas emission in detail along with their 

composition and adverse effects. 

 

 

4.4 LANDFILL GAS EMISSION 

 

   

Landfill gas contains a high percentage of methane due to the anaerobic 

decomposition of organic matter, which can be utilised as a source of energy. In 

Subsections 4.4.1 to 4.4.4, we will explain the composition and properties, risks, 

migration and control of landfill gas.  

 

4.4.1 Composition and properties 

 

We can predict the amount and composition of the gas generated for different 

substrates, depending on the general anaerobic decomposition of wastes added.  

Climatic and environmental conditions also influence gas composition.  Due to 

the heterogeneous nature of the landfill, some acid-phase anaerobic 

decomposition occurs along with the methanogenic decomposition.  Since 

aerobic and acid-phase degradation give rise to carbon dioxide and not methane, 

there may be a higher carbon dioxide content in the gas generated than what 

would otherwise be expected.  Furthermore, depending on the moisture 

distribution, some carbon dioxide goes into solution.  This may appear to 

increase (artificially) the methane content of the gas measured in the landfill. A 

typical landfill gas contains a number of components such as the following, which 

tend to occur within a characteristic range:  
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 Methane: This is a colourless, odourless and flammable gas with a density 

lighter than air, typically making up 50 – 60% of the landfill gas. 

 Carbon dioxide: This is a colourless, odourless and non-inflammable gas 

that is denser than air, typically accounting for 30 – 40%. 

 Oxygen: The flammability of methane depends on the percentage of oxygen. 

It is, therefore, important to control oxygen levels, where gas abstraction is 

undertaken. 

 Nitrogen: This is essentially inert and will have little effect, except to modify 

the explosive range of methane.  

 

It is difficult to convert the amount of gas measured to the maximum landfill gas 

production value because gas is withdrawn from a small part of the landfill only, 

referred to as zone of influence during measurement.  In other words, it is very 

difficult to determine this zone and relate it to the whole landfill area. 

 

4.4.2 Hazards 

 

Landfill gas consists of a mixture of flammable, asphyxiating and noxious gases 

and may be hazardous to health and safety, and hence the need for precautions. 

Some of the major hazards are listed below: 

 

 Explosion and fire: Methane is flammable in air within the range of 5 – 15% 

by volume, while hydrogen is flammable within the range of 4.1 – 7.5% (in the 

presence of oxygen) and potentially explosive. Fire, occurring within the waste, 

can be difficult to extinguish and can lead to unpredictable and uncontrolled 

subsidence as well as production of smoke and toxic fumes. 

 Trace components: These comprise mostly alkanes and alkenes, and their 

oxidation products such as aldehydes, alcohols and esters. Many of them are 

recognised as toxicants, when present in air at concentrations above 

occupational exposure standards. 
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 Global warming: Known also as greenhouse effect, it is the warming of the 

earth’s atmosphere by the accumulation of gases (methane, carbon dioxide and 

chlorofluorocarbons) that absorbs reflected solar radiation. 

 

4.4.3 Migration 

 

During landfill development, most of the gas produced is vented to the 

atmosphere, provided the permeable intermediate cover has been used. While 

biological and chemical processes affect gas composition through methane 

oxidation, which converts methane to carbon dioxide, physical factors affect gas 

migration. The physical factors that affect gas migration include:  

 

 Environmental conditions: These affect the rate of degradation and gas 

pressure build up. 

 Geophysical conditions: These affect migration pathways. In the presence 

of fractured geological strata or a mineshaft, the gas may travel large distances, 

unless restricted by the water table. 

 Climatic conditions: Falling atmospheric pressure, rainfall and water 

infiltration rate affect landfill gas migration. 

 

The proportion of void space in the ground, rather than permeability, determines 

the variability of gas emission. If the escape of landfill gas is controlled and 

proper extraction system is designed, this gas can be utilised as a source of 

energy. If landfill gas is not utilised, it should be burnt by means of flaring. 

However, landfill gas utilisation can save on the use of fossil fuels since its 

heating value is approximately 6 kWh/m3 and can be utilised in internal 

combustion engines for production of electricity and heat.  

 

It is important that landfill gas is extracted during the operation phase. It is 

extracted out of the landfill by means of gas wells, which are normally drilled by 

auger and are driven into the landfill at a spacing of 40 – 70 m. In addition, 

horizontal systems can be installed during operation of the landfill. The gas wells 

consist mainly of perforated plastic pipes surrounded by coarse gravel and are 

connected with the gas transportation pipe with flexible tubing.  The vacuum 
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necessary for gas extraction and transportation is created by means of a blower. 

The most important factors influencing planning and construction of landfill gas 

extraction systems are settling of waste, water tables in landfills and gas quality.  

 

4.4.4 Control  

 

To control gas emission, it is necessary to control the following:  

 

 waste inputs (i.e., restrict the amount of organic waste). 

 processes within the waste (i.e., minimise moisture content to limit gas 

production).  

 migration process (i.e., provide physical barriers or vents to remove the gas 

from the site and reduce gas pressure). Note that since gas migration cannot be 

easily prevented, removal is often the preferred option. This is done by using 

vents (extraction wells) within the waste or stone filled vents, which are often 

placed around the periphery of the landfill site. Some of the gas collection 

systems include impermeable cap, granular material, collection pipes and 

treatment systems. 
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4.5 LEACHATE FORMATION 

 

 

Leachate can pollute both groundwater and surface water supplies. The degree 

of pollution will depend on local geology and hydrogeology, nature of waste and 

the proximity of susceptible receptors. Once groundwater is contaminated, it is 

very costly to clean it up. Landfills, therefore, undergo siting, design and 

construction procedures that control leachate migration. 

 

 

 
 

LEARNING ACTIVITY 4.4 

 

Identify adverse effects of landfill gas and list appropriate control measures. 
 
Note: 
a) Write your answer in the space given below. 
b) Check your answer with the one given at the end of this Unit. 
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4.5.1 Composition and properties 

 

Leachate comprises soluble components of waste and its degradation products 

enter water, as it percolates through the landfill. The amount of leachate 

generated depends on: 

 

 water availability; 

 landfill surface condition; 

 refuse state; 

 condition of surrounding strata. 

 

The major factor, i.e., water availability, is affected by precipitation, surface 

runoff, waste decomposition and liquid waste disposal. The water balance 

equation for landfill requires negative or zero (“Lo”) so that no excess leachate is 

produced.  This is calculated using the following formula: 

 

Lo = I – E – aW  

i.e. I – E < aW 

 

where, Lo = free leachate retained at site (equivalent to leachate production 

minus leachate leaving the site); I = total liquid input;  

E = evapotranspiration losses; a = absorption capacity of waste; 

W = weight of waste disposed. 

 

Common toxic components in leachate are ammonia and heavy metals, which 

can be hazardous even at low levels, if they accumulate in the food chain. The 

presence of ammoniacal nitrogen means that leachate often has to be treated 

off-site before being discharged to a sewer, since there is no natural bio-chemical 

path for its removal  (Ali, et al., 1995).  Leachate composition varies with time 

and location. Table 4.2 shows a typical leachate properties and composition at 

various stages of waste decomposition:  
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Table 4.2 
Properties and Composition of Leachate at Various Stages of 
Decomposition (mg/l except pH) 

 

Components Fresh 
wastes 

Aged 
wastes 

Wastes with high 
moisture 

pH 6.2 7.5 8.0 

COD 23800 1160 1500 

BOD 11900 260 500 

TOC 8000 465 450 

Volatile acid (as C) 5688 5 12 

NH3-N
 

790 370 1000 

NO3-N 3 1 1.0 

Ortho-P 0.73 1.4 1.0 

Cl 1315 2080 1390 

Na 9601 300 1900 

Mg 252 185 186 

K 780 590 570 

Ca 1820 250 158 

Mn 27 2.1 0.05 

Fe 540 23 2.0 

Cu 0.12 0.03 - 

Zn 21.5 0.4 0.5 

Pb 0.40 0.14 - 

 

Source: Ali et al., 1995 

 

4.5.2 Leachate migration  

 

It is generally difficult to predict the movement of escaped leachate accurately. 

The main controlling factors are the surrounding geology and hydrogeology. 

Escape to surface water may be relatively easy to control, but if it escapes to 

groundwater sources, it can be very difficult both to control and clean up. The 

degree of groundwater contamination is affected by physical, chemical and 

biological actions. The relative importance of each process may change, 

however, if the leachate moves from the landfill to the sub-surface region. 
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4.5.3 Control  

 

The best way to control leachate is through prevention, which should be integral 

to the site design. In most cases, it is necessary to control liquid access, 

collection and treatment, all of which can be done using the following landfill 

liners:  

 

 Natural liners: These refer to compacted clay or shale, bitumen or soil 

sealants, etc., and are generally less permeable, resistant to chemical attack and 

have good sorption properties. They generally do not act as true containment 

barriers, because sometimes leachate migrates through them.  

 Synthetic (geo-membrane) liners: These are typically made up of high or 

medium density polyethylene and are generally less permeable, easy to install, 

relatively strong and have good deformation characteristics. They sometimes 

expand or shrink according to temperature and age. 

 

Note that natural and geo-membrane liners are often combined to enhance the 

overall efficiency of the containment system. Some of the leachate collection 

systems include impermeable liner, granular material, collection piping, leachate 

storage tank; leachate is trucked to a wastewater treatment facility.  

 

4.5.4 Treatment  

Concentrations of various substances occurring in leachate are too high to be 

discharged to surface water or into a sewer system.  These concentrations, 

therefore, have to be reduced by removal, treatment or both. The various 

treatments of leachate include: 

 

 Leachate recirculation: It is one of the simplest forms of treatment. 

Recirculation of leachate reduces the hazardous nature of leachate and helps 

wet the waste, increasing its potential for biological degradation.  

 Biological treatment: This removes BOD, ammonia and suspended solids. 

Leachate from land filled waste can be readily degraded by biological means, 

due to high content of volatile fatty acids (VFAs). The common methods are 

aerated lagoons (i.e., special devices which enhance the aerobic processes of 



Municipal Solid Waste Management  

 

172 

degradation of organic substances over the entire depth of the tank) and 

activated sludge process, which differs from aerated lagoons in that discharged 

sludge is recirculated and is often used for BOD and ammonia removal. While 

under conditions of low COD, rotating biological contactors (i.e., biomass is 

brought into contact with circular blades fixed to a common axle which is rotated) 

are very effective in removing ammonia. In an anaerobic treatment system, 

complex organic molecules are fermented in filter. The common types are 

anaerobic filters, anaerobic lagoon and digesters. 

 Physicochemical treatment: After biological degradation, effluents still 

contain significant concentrations of different substances. Physicochemical 

treatment processes could be installed to improve the leachate effluent quality. 

Some of these processes are flocculation-precipitation. (Note that addition of 

chemicals to the water attracts the metal by floc formation). Separation of the floc 

from water takes place by sedimentation, adsorption and reverse osmosis. 

 

 

 

 

 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 

LEARNING ACTIVITY 4.5 

 
State how you would control and treat leachate. 
 
Note: 
a) Write your answer in the space given below. 
b) Check your answer with the one given at the end of this Unit. 
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4.6 ENVIRONMENTAL EFFECTS OF LANDFILL 

 

 

The environmental effects of a landfill include wind-blown litter and dust, noise, 

obnoxious odour, vermin and insects attracted by the waste, surface runoff and 

inaesthetic conditions.  Gas and leachate problems also arise during the 

operation phase and require significant environmental controls. In what follows, 

we will describe some of the major environmental effects below: 

 

(i) Wind-blown litter and dust are continuous problems of the ongoing landfill 

operation and a nuisance to the neighbourhood.  Covering the waste cells with 

soil and spraying water on dirt roads and waste in dry periods, in combination 

with fencing and movable screens, may minimise the problem of wind-blown litter 

and dust. However, note that the problem will remain at the tipping front of the 

landfill. 

 

(ii) Movement of waste collection vehicles, emptying of wastes from them, 

compactors, earthmoving equipment, etc., produce noise.  Improving the 

technical capability of the equipment, surrounding the fill area with soil 

embankments and plantations, limiting the working hours and appropriately 

training the workforce will help minimise noise pollution.   

 

(iii) Birds (e.g., scavengers), vermin, insects and animals are attracted to the 

landfill for feeding and breeding.  Since many of these may act as disease 

vectors, their presence is a potential health problem. 

 

(iv) Surface run-off, which has been in contact with the land filled waste, may 

be a problem in areas of intense rainfall.  If not controlled, heavily polluted run-off 

may enter directly into creeks and streams.  Careful design and maintenance of 

surface drains and ditches, together with a final soil cover on completed landfill 

sections, can help eliminate this problem. 
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(v) An operating landfill, where equipment and waste are exposed, appears 

inaesthetic.  This problem may be reduced by careful design of screening soil 

embankments, plantings, rapid covering and re-vegetation of filled sections. 

 

(vi) Gas released, as a result of degradation or volatilisation of waste 

components, causes odour, flammability, health problems and damage of the 

vegetation (due to oxygen depletion in the root zone).  The measures to control 

this include liners, soil covers, passive venting or active extraction of gas for 

treatment before discharge into the atmosphere. 

 

(vii) Polluted leachate appears shortly after disposal of the waste.  This may 

cause groundwater pollution and pollution of streams through sub-surface 

migration. Liners, drainage collection, treatment of leachate, and groundwater 

and downstream water quality monitoring are necessary to control this problem. 

 

Figure 4.3 gives a summary of the environmental emissions from a sanitary 

landfill:  

Figure 4.3 
Environmental Emissions from a Sanitary Landfill 
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Besides the emissions shown in Figure 4.3, incidental events such as flooding, 

fires, landslides and earthquakes result in severe environmental impacts, and 

may require preventive measures with respect to landfill site selection, design 

and operation. In the main, to minimise adverse environmental impacts due to 

sanitary landfill, proper attention must be paid to the environmental aspects at all 

stages and phases of landfill management, viz., site selection, design, 

construction, operation and maintenance (Ali, et al., 1995).  

 

Regulations for Landfills:  

Regulations include restrictions on distances from airports, flood plains, and fault 

areas, as well as limitations on construction in wetlands and others. Prevention of 

contamination of groundwater and land resources requires synthetic liner. 

(Hutzler, 2004). Adequate buffer  with the restricted activities around the landfill.  

 

LEARNING ACTIVITY 4.6 

 

Compare sanitary landfill and uncontrolled dumping from the point of view 
of public health and the environment. 
 
Note: 
a) Write your answer in the space given below. 

b) Check your answer with the one given at the end of this Unit. 
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4.7 LANDFILL OPERATION ISSUES 

 

 

Once a potential site has been identified/selected, an assessment of design 

aspects, including costs for civil works, begins. Important issues to be looked into 

in this regard are land requirements, types of wastes that are handled, evaluation 

of seepage potential, design of drainage and seepage control facilities, 

development of a general operation plan, design of solid waste filling plan and 

determination of equipment requirements.  

 

With this in view, we will discuss some important factors required for successful 

implementation and operation of a sanitary landfill in Subsections 4.7.1 to 4.7.3.  

 

4.7.1 Design and construction 

 

The design and construction process involves site infrastructure, i.e., the position 

of the buildings, roads and facilities that are necessary to the efficient running of 

the site and site engineering, i.e., the basic engineering works needed to shape 

the site for the reception of wastes and to meet the technical requirements of the 

working plan (Phelps, 1995). At the outset, however, the potential operator and 

the licensing authority should agree upon a working plan for the landfill.  The 

disposal license includes the design, earthworks and procedures in the working 

plan.  

 

What are the processes involved in design and construction?  We will study 

these below: 

 

(i) Site infrastructure: The size, type and number of buildings required 

at a landfill depend on factors such as the level of waste input, the expected life 

of the site and environmental factors.  Depending on the size and complexity of 

the landfill, buildings range from single portable cabins to big complexes.  

However, certain aspects such as the following are common: 
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 need to comply with planning, building, fire, health and safety 

regulations and controls; 

 security and resistance to vandalism; 

 durability of service and the possible need to relocate accommodation 

during the lifetime of the site operations; 

 ease of cleaning and maintenance; 

 availability of services such as electricity, water, drainage and 

telecommunication.   

 

Paying some attention to the appearance of the site entrance is necessary, as it 

influences the perception of the public about the landfill site. All landfill sites need 

to control and keep records of vehicles entering and leaving the site, and have a 

weighbridge to record waste input data, which can be analysed by a site control 

office. Note that at small sites, the site control office can be accommodated at the 

site itself.  

 

(ii) Earthworks: Various features of landfill operations may require 

substantial earthworks, and therefore, the working plan must include earthworks 

to be carried out before wastes can be deposited. Details about earthworks gain 

significance, if artificial liners are to be installed, which involves grading the base 

and sides of the site (including construction of 25 slopes to drain leachate to the 

collection areas) and the formation of embankments.  Material may also have to 

be placed in stockpiles for later use at the site.  The cell method of operation 

requires the construction of cell walls.  At some sites, it may be necessary to 

construct earth banks around the site perimeter to screen the landfill operations 

from the public.  Trees or shrubs may then be planted on the banks to enhance 

the screening effect.  The construction of roads leading to disposal sites also 

involves earthworks.  

 

(iii) Lining landfill sites: Where the use of a liner is envisaged, the suitability 

of a site for lining should be evaluated at the site investigation stage.  However, 

they should not be installed, until the site has been properly prepared.  The area 
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to be lined should be free of objects likely to cause physical damage to the liner, 

such as vegetation and hard rocks.  If synthetic liner materials are used, a 

binding layer of suitable fine-grained material should be laid to support the liner.  

However, if the supporting layer consists of low permeable material (e.g., clay), 

the synthetic liner must be placed on top of this layer.  A layer of similar fine-

grained material with the thickness of 25 – 30 cm should also be laid above the 

liner to protect it from subsequent mechanical and environmental damage. 

During the early phase of operation, particular care should be taken to ensure 

that the traffic does not damage the liner. Monitoring the quality of groundwater 

close to the site is necessary to get the feedback on the performance of a liner.  

 

(iv) Leachate and landfill gas management: The basic elements of the 

leachate collection system (i.e., drain pipes, drainage layers, collection pipes, 

sumps, etc.) must be installed immediately above the liner, before any waste is 

deposited.  Particular care must also be taken to prevent the drain and collection 

pipes from settling.  During landfill operations, waste cells are covered with soil to 

avoid additional contact between waste and the environment.  The soil layers 

have to be sufficiently permeable to allow downward leachate transport. Landfill 

gas is not extracted before completion, which includes construction of final cover, 

of the waste body. Extraction wells (diameter 0.3 to 1.0 m) may be constructed 

during or after operation.   

 

(v) Landfill capping: Capping is required to control and minimise leachate 

generation (by minimising water ingress into the landfill) and facilitate landfill gas 

control or collection (by installing a low permeability cap over the whole site). A 

cap may consist of natural (e.g., clay) or synthetic (e.g., poly-ethylene) material 

with thickness of at least 1 m. An uneven settlement of the waste may be a major 

cause of cap failure. Designs for capping should, therefore, include consideration 

of leachate and landfill gas collection wells or vents. For the cap to remain 

effective, it must be protected from agricultural machinery, drying and cracking, 

plant root penetration, burrowing animals and erosion. 

 

4.7.2 Operation 
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To secure public acceptability, landfill operations require careful planning and 

determination of the extent of environmental effects. The basic factor influencing 

the planning of site operations is the nature and quantity of incoming wastes.  

The various aspects of this include the following: 

 

(i) Methods of filling: The following variations in land filling techniques are 

available (Burner and Kelly, 1972): 

 

 Trench method: This involves the excavation of a trench into which 

waste is deposited, and the excavated material is then used as cover. 

 Area method: Wastes may be deposited in layers and so form terraces 

over the available area.  However, with this type of operation, excessive leachate 

generation may occur, which may render the control difficult. 

 Cell method: This method involves the deposition of wastes within pre-

constructed bounded area.  It is now the preferred method in the industrialised 

world, since it encourages the concept of progressive filling and restoration.  

Operating a cellular method of filling enables wastes to be deposited in a tidy 

manner, as the cells serve both to conceal the tipping operation and trap much of 

the litter that has been generated. 

 Canyon/depression: This method refers to the placing of suitable 

wastes against lined canyon or ravine slide slopes. (Slope stability and leachate 

gas emission control are critical issues for this type of waste placement.) 

 

Figure 4.4 illustrates the land filling methods touched upon above:  
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Figure 4.4 
Commonly Used Land Filling Methods 

 

 

(a) trench (b) area and (c) canyon/depression methods 

(ii) Refuse placement: The working space should be sufficiently extensive 

to permit vehicles to manoeuvre and unload quickly and safely without impeding 

refuse spreading, and allow easy operation of the site equipment. Depositing 

waste in thin layers and using a compactor enables a high waste density to be 

achieved.  Each progressive layer should not be more than 30 cm thick.  The 

number of passes by a machine over the waste determines the level of 

compaction. 

 

(iii) Covering of waste: At the end of each working day, all exposed 

surfaces, including the flanks and working space, should be covered with a 

suitable inert material to a depth of at least 15 cm. This daily cover is considered 

essential, as it minimises windblown litter and helps reduce odours. Cover 

material may be obtained from on-site excavations or inert waste materials 
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coming to the site. Pulverised fuel ash or sewage sludge can also be used for 

this purpose. 

 

(iv) Site equipment and workforce orientation: The equipment most 

commonly used on landfill sites includes steel wheeled compactors, tracked 

dozers, loaders, earthmovers and hydraulic excavators. Scrapers are used for 

excavating and moving cover materials. In addition to appropriate equipment, 

proper training must be ensured for the workforce. They should be competent, 

and adequately supervised; training should include site safety and first aid.  

Since a landfill site may pose dangers to both site operators and users, it is 

necessary to lay down emergency plans and test them from time to time (Phelps, 

1995). 

 

4.7.3 Monitoring 

 

Landfill represents a complex process of transforming polluting wastes into 

environmentally acceptable deposits. Because of the complexity of these 

processes and their potential environmental effects, it is imperative to monitor 

and confirm that the landfill works, as expected. A monitoring scheme, for 

example, is required for collecting detailed information on the development of 

leachate and landfill gas within and beyond a landfill.  The scheme should be site 

specific, drawn at the site investigation stage and implemented. Monitoring is 

generally done for the following: 

 

(i) Leachate/gas: Monitoring of leachate/gas plays a vital role in the 

management of landfills.  Data on the volume of leachate/gas and their 

composition are essential for proper control of leachate/gas generation and its 

treatment. Knowledge of the chemical composition of leachate/gas is also 

required to confirm that attenuation processes within the landfill are proceeding 

as expected. Various systems for monitoring the leachate level are in use, and 

are mostly based on pipes installed prior to land filling.  Note that small bore 

perforated plastic pipes are relatively cheaper and easier to install, but have the 

disadvantage of getting damaged faster during infilling.  Placing pipes within a 

column or tyres may, however, offer some protection.   
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(ii) Groundwater: A continued groundwater-monitoring programme for 

confirming the integrity of the liner system is essential. At an early stage of site 

preparation, therefore, a number of monitoring boreholes need to be provided 

around the site. However, the location, design and number of boreholes depend 

on the size of the landfill, proximity to an aquifer, geology of the site and types of 

wastes deposited. Installation of a double liner system can make the monitoring 

exercise more accurate and easier to perform.  Water should be regularly flushed 

through the secondary leachate collection system. In case this water is polluted, 

the primary leachate barrier will be damaged, and if repair is not considered 

possible, the leachate collected must be transported to the leachate treatment 

facility. 

LEARNING ACTIVITY 4.7 

 
Explain the need for monitoring sanitary landfills.  
 
Note: 
a) Write your answer in the space given below. 
b) Check your answer with the one given at the end of this Unit. 
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4.8 WASTE DISPOSAL:  A CASE STUDY OF BANGALORE 

 

 

One of the critical concerns of a municipal corporation is planning for a proper 

waste disposal in response to the increasing volume and hazardous nature of 

urban wastes. When wastes are disposed unhygienically, they do spoil the 

aesthetic value of the city as well as create problems such as breeding of 

pathogenic organisms, which serve as carriers of diseases (Attarwalla, 1993, 

Areivala, 1971). Some of the principal problems associated with disposal of solid 

wastes can be categorised as under:  

 

 Diseases, i.e., rats, flies and other pests feed on the wastes and carry 

diseases. 

 Air/noise pollution, e.g., increase in vehicular traffic, smoke, fly ash and 

odours. 

 Ground and surface water pollution, e.g., runoff during the monsoon season 

causes surface water pollution, while percolation often causes groundwater 

contamination. 

 Unaesthetic appearance because of litter (Gotoh, 1989).   

  

However, we can minimise or satisfactorily deal with these problems through 

competent engineering and planning, selecting appropriate waste disposal sites 

and methods of operation, and making SWM strategies essentially local (see 

also http://stratema.sigis.net/cupum/pdf/E1.pdf).  

 

Against this backdrop, let us now assess the scenario in Bangalore. About two-

thirds of the waste (about 1600 tonnes/day) in the Bangalore city is getting 

dumped in the outskirts of the city. As there are no sanitary landfills in the city for 

proper dumping of waste, it is merely transported to the outskirts and disposed of 

in any abandoned open land, usually along public highways (Vagale, 1997). The 

Bangalore Mahanagara Palike (BMP) along with the Karnataka State Pollution 
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Control Board (KSPCB) has, however, identified 9 abandoned quarries around 

the city for sanitary landfills. Table 4.3 contains the list of these sites:  

 

Table 4.3 
Solid Waste Disposal Sites Identified by the BMP 

 

 

Sl No. 

 

Name of site 

 

Area (acres) 

 

1 

 

B. Narayanpura 

 

10.15 

2 Vibuthipura 8.01 

3 Devanachikkanahalli  6.09 

4 Sarakki 2.00 

5 Hongasandra 4.02 

6 Lakkasandra 10.04 

7 Hennur 10.00 

8 Kudittally 0.36 

9 Adugodi 2.00 

10 Mavalipura 35 

 

Source: Department of SWM, Bangalore Mahanagara Palike, Bangalore, 1998 

 

Of the sites listed in Table 4.3, only 3 have been selected after an assessment of 

suitability, viz. B. Narayanpura (situated about 10 km northeast of the city in 

Krishnarajapura hobli), Hennur (situated at a distance of about 9 km north of the 

city) and Devanachikkanahalli (situated about 10 km to the southeast of the city). 

These sites were selected on the basis of the geo-technical assessment carried 

out after a site visit and review of data. However, a periodical assessment of 

ground water and air quality, before and during the process of land filling, is 

necessary.  

 

SUMMARY 

 

In this Unit, we discussed some of the problems associated with the 

indiscriminate disposal of wastes and the key issues involved in safe disposal. In 

this context, we said that safe disposal is constrained by various issues such as 
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inadequate municipal capacity, lack of political commitment, lack of finance, 

insufficient technical guidelines and lack of accountability of individuals and 

institutions. We, then, discussed some of the salient features of waste disposal 

including various disposal options such as uncontrolled dumping, sanitary landfill, 

composting, incineration, gasification, refuse-derived fuel and pyrolysis, and their 

selection criteria (i.e., technical, institutional, financial, social and environmental). 

Having given a background of waste disposal options, we discussed in detail 

sanitary landfill in terms of principle, processes, environmental effects, design, 

construction, operation and monitoring.  We closed the Unit by giving a case 

study of Bangalore.  
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Lecture 4 
 

Model Answers to Learning Activities 
 

LEARNING ACTIVITY 4.1 
 

Based on a general observation, some of the constraints municipal authorities in 

our locality face with regard to effective waste disposal include poor political back 

up, inadequate infrastructure, insufficient funds and lack of public support. Let me 

explain these below:   

 

(i) Waste disposal is as much a technical issue as a political one. For 

example, an elected representative, called a Corporator, administers a municipal 

ward, and is responsible for the general upliftment of the ward. But, generally, 

waste disposal is not considered a priority issue. However, our locality, and 

indeed, Bangalore is just awakening to the importance of waste disposal, and the 

Bangalore Agenda Task Force appointed by the State government has 

introduced a programme called the Swachha Bangalore. This programme 

involves door-to-door collection of solid waste. But, this is merely a temporary 

solution as the city, requires an integrated waste management system. In the 

main, for any programme to be successful, sufficient political and governmental 

backing is necessary. 

 

(ii) In our locality, importance is given to waste collection and not waste 

disposal. Due to the inadequate infrastructure, the municipality is unable to give 

sufficient importance to waste disposal.  

(iii) Waste disposal is a costly process and sufficient funds are not available 

to the municipality to adopt latest techniques such as pyrolysis, gasification, etc. 

 

(iv) Public support is essential for the success of any waste management 

programme. For example, people must stop dumping wastes indiscriminately on 

roadsides and in drains. Indiscriminate dumping makes waste collectors’ work 

tedious and time consuming. 
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LEARNING ACTIVITY 4.2 

 

Based on technical (i.e., composition of waste, existing practices and 

technology), social (i.e., health and income implication, and public opinions) and 

environmental (i.e., initial and long-term environmental risks) aspects, the best 

disposal option for our locality is composting. This is due to the fact that our 

locality is predominantly residential, generating mostly biodegradable wastes, 

and composting does not need long-term maintenance. Nor does it cause any 

adverse environmental effects. 

 

LEARNING ACTIVITY 4.3 

 

No, a sanitary landfill is not possible to manage wastes in our locality mainly 

because: 

 

 it is not economically feasible for a small locality such as ours; 

 composition of waste is mostly biodegradable; 

 sufficient land is not available for setting up a landfill site.  

 

LEARNING ACTIVITY 4.4 
 

Typical landfill gases include methane, carbon dioxide, oxygen and nitrogen, and 

these adversely impact on public health and the environment.  For example:  

 

 Methane is flammable in air and can lead to unpredictable and uncontrolled 

subsidence and production of smoke and toxic fumes. 

 Trace components such as aldehydes, alcohol and esters are toxicants when 

present in air at concentrations above occupational exposure standards. 

 The landfill gases lead to global warming as these absorb reflected solar 

radiations. 
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It is vital that these emissions are controlled, and we can achieve this by 

controlling: 

 

 waste inputs (i.e., restrict the amount of organic wastes); 

 processes within the waste (i.e., minimise the moisture content to limit gas 

production); 

 the migration process (i.e., put physical barriers or vents to remove the gas 

from the site and reduce gas pressure). 

 

Since gas emissions cannot be easily prevented, removal by vents within the 

waste or stonewalled vents is the preferred option. 

 

LEARNING ACTIVITY 4.5 
 

The best way to control leachate is through prevention, which can be done with 

natural liners and synthetic liners. 

 

 Natural liners, such as compacted clay or shale, bitumen or soil sediments, 

are less permeable, resistant to chemical attack and have good sorption 

properties.  

 Synthetic (geo-membranes) liners such as high density or medium density 

polyethylene, are less permeable, easy to install and relatively strong and have 

good deformation characteristics.  

 

Natural and synthetic liners can be combined to improve the efficiency of the 

containment system. The various treatments used to treat leachates are leachate 

recirculation, biological treatment (e.g., aerated lagoons, activated sludge 

process, rotating biological contactors, anaerobic treatments that include 

anaerobic filters, anaerobic lagoons and digesters) and physico-chemical 

treatment (e.g., flocculation-precipitation process). 
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LEARNING ACTIVITY 4.6 
 

A sanitary landfill is essentially an engineered waste disposal option, where the 

environmental risk is controlled at an appropriate and acceptable level. But, if it is 

not properly managed, it can cause the following problems: (i) noise pollution due 

to vehicles such as earthmovers, compactors, etc., (ii) scavenger birds, vermins, 

insects, etc., are attracted to the landfill for breeding and they constitute potential 

health problems, (iii) leachates, if not treated or controlled, may pollute 

groundwater and surface water and (iv) gas released, due to degradation or 

volatilisation of waste components, causes problems such as odour, flammability 

and damage to health and the environment. 

 

Uncontrolled disposal is a non-engineered waste disposal method in which 

wastes are dumped at a designated point without any environmental control, and 

it  (i) causes odour problems due to the putrification of biodegradable wastes, (ii) 

provides a breeding place for disease vectors such as flies, mosquitoes, etc, and 

(iii) causes visual pollution, etc. 

 

When properly managed, a landfill is a better and safer option of disposing 

wastes than uncontrolled dumping. Also, it is adaptable to all kinds of wastes and 

there is potential for by-product recovery. 

 

LEARNING ACTIVITY 4.7 
 

Landfill is a complex reactor where physical, chemical and biological processes 

transform polluting wastes into environmentally acceptable deposits. Due to the 

complexity of these processes and their potential environmental effects, 

monitoring is needed to confirm that the landfill works as expected. Knowledge of 

the chemical composition of leachate and gas is required, as leachates may 

contain toxic substances and, if not prevented, may contaminate the 

groundwater.  Landfill gases that may be flammable, asphyxiating and noxious, 

pose a health hazard.  A continued groundwater-monitoring programme is 

essential for confirming the integrity of the liner system. 
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