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ABSTRACT
This paper unfolds by narrating the story of the age old problem of the humankind- management of
solid waste. It outlines the various types of solid waste, the various methods of analysis, the importance
of the constituents that make up the solid waste and discusses the existing and emerging technologies
available to safely and cleverly dispose off the solid waste. The paper discusses a typical solid waste
management issue of a sponge iron plant, identifies various sources of generation of solid waste at
each stage of the production cycle, defines its constituents, its hazards and identifies options available
to manage this kind of waste. The paper talks about the various methods of landfill disposal, identifies
the various governing factors for the design and operation of such landfill sites and discusses the
performance indicators associated with such sites. This paper winds up with the discussion on the
water quality aspects of the region within the vicinity of such sites. It outlines the preventive
measures and offers remedial solutions to prevent the underground water reserves locked up in the
aquifers.
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         INTRODUCTION
It has become a vital concern in the recent past
to manage the large volume of solid wastes
coming out every day from the urban areas as
because of the space limitations in crowded cities
which are already running out of space.  Further
the methods of reusing such solid wastes have
not been developed upto the mark which has given
rise to the piling of solid refuses into a substantial
mass creating a lot of hygienic and environmental
problems. The citizens have been compelled to
live with this nuisance in the absence of any proper
methods for reutilization of these wastes. At the
threshold of new technological era, we are
compelled to face many problems in conjugation
with the upgradation in technology and production
methods.1 Majority of us are firmly trenched in
traditional value and way of life. Industries have
posed severe problems to the mankind due to its
unrestrained development without giving due
consideration to their practical problems. Besides
the threat of exhaustion of harmful materials from
the industries and rapid depletion of natural

sources, the amount of various substances - solids,
liquids and gaseous discharge as wastes into the
atmosphere, water and soil through industrial
processes and above all, process of urbanization
itself is causing a severe strain to the nature’s
mechanism of self-purification. At the same time,
it has become a fact of vital consideration to think
again about the management of this huge mass
of solid waste being generated everyday in bulk
volume. Particularly the problem of disposal of
solid waste is becoming critical day by day due
to advent of industrialization and urbanization.

DISCUSSION
On analysis of a normal composition of a solid
waste, it can well be predicted that 60% of the
garbage contains unprocessed mixtures, which
in turn, converts into oxidised products after
reaction with the environmental oxygen
(atmospheric air). It will be unbelievable to note
that these wastes having green vegetable
products (fresh) and cow-dung in excess are
capable to convert a fallow land into fertile one.
In some southern provinces of USA, this type of

Review Paper(NS-1)



445

J. Environ. Res. Develop.
Journal  of  Environmental  Research  And  Development                  Vol. 7 No. 1A, July-September  2012
experiment have been successfully conducted and
scientists observing this technique as an effective
solution to solid waste management. They also
are useful sources of natural fertilizers.2

Traditionally, the solid wastes were burnt after
their occurrence and although crude, the same
practice still persists in many parts of the world.
It has now been established that even if the
calorific value of the waste is utilised as a fuel, it
won’t work without an external aid of fuel. Also
being a mixture of inanimate organism the waste
burning may cause the evolution of poisonous
gases viz. methane and CO. The solid wastes of
urban area contains moisture in considerable ratio,
hence it is unusual to burn this mixture without
drying it. Total moisture content sometimes
reaches upto 30-40% thus it is quite difficult to
burn it. In Table 1, the calorific values of the
constituents of solid wastes normally occurred in
urban areas have been indicated which gives an

idea whether the waste can sustain combustion
on its own without any external aid of fuel.
In the Table 1, typical arrangement of a 100 TPD
sponge iron manufacturing unit has been tabulated
which depicts the voluminous arrangement of
equipments in an industrial unit installed in order to
avoid solid waste as well as effluents to directly
pass into air. The capital cost consideration of
equipments as well as their running cost is quite
substantial and expensive which is the major cause
for the negligence in the installation of these pollution
control equipments by their promoters:
It can be observed from above table that the
temperature of effluent gases has to be reduced
from 950°C to 110°C and a dust load of 20 gm/
nm3 has to be handled by bag filters in order to
achieve an emission level of 110 mg/nm3 of effluent
gases. A total consumption of power is about
37.5kW or even more for higher capacity plants.

Table 1 : Typical parameters of pollution control equipments in a 100TE sponge iron unit

  S/N                 Parameters Recommended value
Water cooled heat exchangers

   1. No. of water cooled heat exchangers 1
   2. Flue gas inlet temperature 950°C
   3. Fue gas outlet temperature 400°C
   4. No. of passes 1

Air cooled heat exchangers
   1. No. of air cooled heat exchangers required 1
   2. Flue gas inlet temperature 400°C
   3. Flue gas outlet temperature 110°C
   4. Axial flow fans kW 9.3 x 3 Nos.

Bag filters
   1. Flue gas temperature 110°C
   2. Dust load 20 gm/nm3

   3. Emission level desired 110 mg/nm3

   4. Type of bag filter Pulse jet
   5. Total filtration area 244 m2

   6. Compressed air requirement @6-8 kg/cm2 45CFM
   7. MOC/Thickness ms/3thk
   8. Dust discharge mechanism Rotary valve 250mm

Centrifugal blower
   1. Capacity 25000 mm3/hr
   2. Pressure mm we 335
  3. Power 37.5 KW
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Common types of solid wastes
Apart from many types of solid wastes generated
in large volumes in everyday life, the most common
types can broadly be defined as industrial waste,
domestic waste, garbage, bio-mass, mining waste
etc. Due to any human process, if a bi-product is
generated which in its original form doesn’t have
any significant useful applications, it may be kept
under the category of solid waste.(Table 2)
When a mass of organic matter is anaerobically
digested under given conditions, mixture of
methane and other gases are found. Digestion is
the breaking down of organic matter by bacteria,
some of which are strictly anaerobic. This process

takes place only under oxygen free conditions with
the material being kept above ambient temperature
i.e. in the range of 12-40°C and at normal
pressure. In practice, the main feedstocks for
digestion are animal waste products and green
plant matter.3

It may be seen from the Table 3 that the solid
waste has maximum contain of garden waste
which have very low calorific value i.e. 500-4000
kcal/kg. The constituents having high calorific
value viz. plastics etc.  are found in low
percentages thus the self sustained combustion
capacity is low in these wastes. Hence it is not
advisable to burn it.

S/N           Type of  waste                              Description

1. Rubbish Non-decomposable wastes, either combustible (such as
paper wood and cloth) or noncombustible (such as metal,
glass, and ceramics)

2. Ashes Residues of the combustion of solid fuels. Fly ash is one
such major produce of industrial solid fuels which has cre-
ated a lot of disposable problems.

3. Large wastes Demolition and construction debris and trees

4. Dead animals Dead animals.

5. Sewage-treatment solids Material retained on sewage-treatment screens, settled
solids and biomass sludge

6. Industrial wastes Such materials as chemicals paints, and sand

7. Mining wastes Slag heaps and coal refuse piles

8. Agricultural wastes Farm animal manure and crop residues

Table 2 : Classification of solid wastes

Table 3 : Calorific values and percentage occurrence of some common
constituents of solid wastes

Component Percentage occurrence Calorific value Kcal/Kg

Paper 10-20 2500 - 4000
Wood 15-25 4000 - 5000
Rubber 5-10 5000 - 6500
Garden waste 50 - 70 500 - 4000
Rags 10-15 3500 - 4500
Plastics 2 - 5 5500 - 9000
Cow-dung 5 - 15 500 - 3000
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Solid waste having cow-dung, wood and garden
waste in excess contains the nitrides and
phosphides in considerable volume. These also
have the traces of Mn, Mo, Bo which are essential
for the growth of the plants. When these are
allowed to develop in an open atmosphere this
mixture is oxidized giving rise to phospher oxides.
After a certain period of time, when the chemical
reaction have been completed, various parts of
this mixture mingles with each other producing a
fertile product. Although this can not be used alone
for agriculture, but can play an important role

when are being used in addition with other
chemical fertilizers. For pre-formation of soil, these
fertilizers are very much useful. It is a good soil
conditioner and increases the texture of soil,
particularly in light sandy oil. It has capability to
improve the ion exchange and water retaining
capacity of the soil. The organic matter in soil in
tropical climates gets depleted rapidly by microbial
activity.  The product obtained commonly known
as compost adds stabilized organic matter, thus
improving the soil and giving better sniftering
capacity.4 (Table 4)

Table 4 : Annual municipal solid waste generated (countrywise)

S/N Country Annual domestic waste per person
Kgs lbs

1. Australia 690 1,520
2. Belgium 480 1,060
3. Canada 630 1,390
4. Denmark 540 1,190
5. Finland 410 900
6. France 590 1,300
7. Germany 400 880
8. Italy 470 1,040
9. Japan 400 880
10. Mexico 300 660
11. Netherlands 570 1,260
12. Norway 590 1,300
13. South Korea 400 880
14. Spain 370 820
15. Sweden 440 970
16. United Kingdom 480 1,060
17. United States 720 1,590

Under unavoidable circumstances or till
installation of alternate facilities, land filling shall
be done following proper norms. Land filling shall
meet the following criteria
i. Landfill siding and construction shall be done

after proper care. However, in respect of
cities having population over five lakh, proper
environmental impact assessment shall be
conducted by municipal authority before
selecting a site.

ii. Provision for future land filling sites shall be
included in the land use plan of city/town.

iii. The future and existing landfill site shall
comply with the norms for control of air and
water (ground and surface water) pollution
and other environmental norms as laid down
specifications/standards.

iv. Waste at disposal site shall not be burnt. Sites
here waste is to be burnt as an interim measure
shall not cause air pollution. Ambient air quality
shall be monitored for compliance.

Sanitary landfill is one solution to such problems.
In a modern landfill, refuse is spread in thin layers,



J. Environ. Res. Develop.
Journal  of  Environmental  Research  And  Development                  Vol. 7 No. 1A, July-September  2012

448

each of which is compacted by a bulldozer before
the next is spread. When about 3 m (about 10 ft)
of refuse has been laid down, it is covered by a
thin layer of clean earth, which also is compacted.
Pollution of surface and groundwater is minimized
by lining and contouring the fill, compacting and
planting the cover, selecting proper soil, diverting
upland drainage and placing wastes in sites not
subject to flooding or high groundwater levels.
Gases are generated in landfills through anaerobic
decomposition of organic solid waste. If a
significant amount of methane is present, it may
be explosive proper venting eliminates this
problem. Although it seems that sanitary landfill
is the cheapest satisfactory means of disposal,
but only if suitable land is within economic range
of the source of the wastes typically, collection
and transportation account for 75 percent of the
total cost of solid waste management.
Specification of landfill sites
The municipal authority of the concerned district
and town shall identify, develop and maintain one
or more landfill sites as the case may be for the
disposal of municipal solid wastes. Prior to
commencement of land filling, the landfill site shall
be planned and designed with proper
documentation of a phased construction plan as
well as a closure plan.
The municipal authority shall identify the disposal
site after environment impact assessment in a city/
town having population more than five lakh (a half
million) and taking into consideration the views of
the competent town planning authority. The
identified sites shall be brought into public notice
for their views.
The landfill sites shall be selected to make use of
nearby wastes processing facility. Otherwise,
wastes processing facility shall be planned as an
integral part of the landfill site.
The existing landfill sites that continue to be used
for more than five years, shall be improved in
accordance of these specifications.
The landfill sites in municipal bodies having more
than 5 lakh population shall be used only for those
municipal solid wastes that are not suitable for
bio-composting or recycling.
Biomedical waste, slaughter  house waste
(including fish, meat, poultry processing), industrial
wastes, sludge and other hazardous wastes shall

not be dumped at landfill site meant for disposal
of non-hazardous and non-biodegradable wastes,
Biomedical wastes shall be disposed off as per
the biomedical wastes (Management and
Handling) Rules, 1989.
Site selection
The landfill site shall be large enough to last for
20-25 years and preferably within 5 km from
present city limits.
The site shall be at least 0.5 km away from
habitation clusters, forest areas, monuments,
National Parks, Wetlands and places of important
cultural, historical or religious interest.
Landfill site shall be atleast 20 km away from
airport including airbase, municipal authorities shall
obtain approval of airport/airbase authorities prior
to the setting up of the landfill site.
A 500m wide buffer zone of no-development be
maintained around landfill site and shall be
incorporated in the Town Planning Department’s
land-use plans.
Specifications for land filling
Wastes subjected to land filling shall be compacted
in thin layers using landfill compactors to achieve
high density of the wastes.
Wastes shall be covered immediately or at the
end of each working day with 7.5 to 10 cm of
soil/sweet earth. In case of non-availability of such
material, demolition and construction material shall
be used.
Prior to the commencement of monsoon season,
an intermediate cover of 40-65 cm thickness of
soil shall be placed on the landfill with proper
compaction and grading to prevent infiltration
during monsoon. Proper drainage shall be
constructed to divert run-off away from the active
cell of the landfill.
After completion of landfill a final cover shall be
designed to minimize infiltration and erosion. The
final cover shall meet the following specifications
a. The final cover shall have a barrier soil layer

comprising of 60cms of clay/amended soil
with permeability less than 1 x 10-7 cm/sec.

b. On top of the barrier soil layer, there shall be
a drainage layer of 15 cm.

c. On top of the drainage layer, there shall be a
vegetative layer of 45 cm to support natural
plant growth and to minimize erosion.



449

J. Environ. Res. Develop.
Journal  of  Environmental  Research  And  Development                  Vol. 7 No. 1A, July-September  2012
Pollution prevention
In order to prevent pollution problems from landfill
operations, the following provisions shall be made
a. Diversion of storm water drains to minimize

leachate generation and prevent pollution of
surface water and also for avoiding flooding
and creation of marshy conditions.

b. Construction of a non-permeable lining system
at the base and wall of waste disposal area.
The low permeability lining system must have
barrier soil layer (clay/amended soil) of
minimum 60cm thickness with admitted
permeability not greater than allowable range
if waste reaching the landfill is non-
biodegradable and inert. For landfill receiving
residues of waste processing facilities or
mixed waste or waste having contamination
of hazardous materials (such as aerosols,
bleaches, polishes, batteries, waste oils, paint
products and pesticides) minimum liner
specifications shall be a composite barrier
having 1.5 (min) high density polyethylene
(HDPE) geomembrane (or equivalent)
overlying, 90cm of soil (clay/amended soil)
having appropriate permeability. The highest
level of water table shall be at least 2.0 meter
below the base of clay/amended soil barrier
layer.

c. Provision for management of leachates
collection and treatment. The treated

leachates shall meet the standards laid down
in schedule-IV.

d. Prevention of run-off from landfill area
entering any stream, river, lake or pond.7

Water quality monitoring
Monitoring of ground water quality shall be done
in cities having population of more than 1 million
during pre- landfill operations, filling and also
during operational and post-operational period at
such locations preferably, to cover one up-gradient
and two down-gradient monitoring wells.
The monitoring schedule for cities having
population less than a million, shall be worked out
by Pollution Central Boards in States and Pollution
Control Committees in Union Territories in
consultation with municipal bodies.
Ground water in and around landfill site shall not
be used for drinking purposes or otherwise, unless
it meets specified standards for that particular use.
The ground water quality shall conform to
following maximum acceptable limits. (Table 5)
Where ground water is deep below the landfill,
monitoring shall be undertaken using pore-liquid
samplers and pore-gas samplers.
A birds eye-view over the situation will depict the
fact that the solid waste may well be managed
because of their aggregated nature of deposition.
Its normally been possible to store the solid wastes
at a particular place which is not possible in case

 S/N Parameters Maximum acceptable limit
  1. Arsenic 0.02 mg/1
  2. Cadmium 0.01 mg/1
  3. Chromium (hexavalent) 0.02 mg/1
  4. Fluoride 1.5 mg/1
  5. Lead 0.05 mg/1
  6. Mercury 0.001 mg/1
  7. Nitrate 10.0 mg/1
  8. Ph 6.3-7.5
  9. Conductivity 100-200 p mhos/ cm
  10. Total dissolved solids 500 mg/1
  11. Chlorides 250 mg/1
  12. Sulphates 1 g/1
  13. Colour 5 Hazon units
  14. Bio-chemical oxygen demand 30 mg/1 or lower
  15. Chemical oxygen demand 250 mg/l or lower

Table 5 : Maximum permissible content of ingredient of ground water in landfill area
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of liquid waste or gaseous effluents as they get
spread in unguided directions in a wide horizon.
Thus certain specific utility processes may be
incurred with the solid wastes. On coalition of
various organisms, plastic wastes packing
materials, fresh and unprocessed vegetables, cow-
dung, rubbish and similar things the solid wastes
are being formed. The chemical change of some
of these wastes evolves certain useful products
viz.  nitrogen and phosphorus which are
significantly in use for agricultural purposes since
ages. Bio-gas and gobar gas have already been
developed which are nothing but the product

obtained after the reprocessing of cowdung. The
compostible matter is found to possess high
moisture content due to the use of fresh elements
which gives these wastes rather better chemical
characteristics.5 (Table 6)
Ash ponds and dams
Technology has been demonstrated in field for
raising of ash dykes (Dams/ Bunds) to enhance
the capacity of fly ash ponds by vertical expansion
rather than horizontal expansion of ash dykes. This
reduces the demand on land. Further, the raising
of ash dams/ bunds by using fly ash itself has also

S/N Parameters Acceptable Levels

  1. Sulphur dioxide 120 mg/m3 (24 hours)

  2. Suspended particulate matter 50 mg/ m3 (24 hours)

  3. Methane not to exceed 25 percent of the lower explosive
limit (equivalent to 650 mg/ m3)

  4. Ammonia daily average 0.4 mg/m3 (400 mg/ m3)
(Sampte duration 24 hrs)

Table 6 : Maximum permissible content of ingredient in ambient air in landfill area

been developed successfully. This results in
additional advantage of gainful utilisation of fly ash
in lieu of soil which is conventionally used for
construction of ash bunds. More than half a dozen
ash pond dykes have been constructed/ under
construction in India by using fly ash instead of soil.
Technologies has been demonstrated for
Densification of active ash ponds to create
additional capacity for disposal of fly ash create
sound footing for vertical raising of ash dykes
make them safe even in seismic conditions.
Reclamation of ash ponds for human settlement
techniques are also in practice nowadays by which
abandoned ash ponds can be used for human
settlements at other places and for plant expansion
purposes.6-9

CONCLUSION
Solid waste disposal has been a major concern
since the development of civilization as because
they occupy a lot of precious space irrespective
of gaseous or liquid wastes. In case they are not
organized properly, the health and hygienic
problems are created to the mankind because

there piling quantities and volumes are huge due
to non deteriorating type of solid wastes viz Plastic
waste, rubber waste etc. Incinerating such wastes
is always not advisable because of the emission
of harmful gases in incineration process. The
recycling of wastes are thus always desirable
wherever it can be done. The municipal wastes
can be recycled in order to get bio gas or gobar
gas which in turn is an excellent non conventional
energy source.
Future land-fill sites should be identified after
carrying out an environment impact assessment
and public hearing. All waste generated within
town and city limits should be subjected to
landfilling. Only wastes which are inert not
recyclable/reusable should be landfilled. Disposal
sites should be well maintained. Work should be
taken up to improve existing sites if the operating
conditions at these sites are not proper. Operating
sites should be maintained so that they do not pose
environmental pollution problem. Care should be
taken to protect ground water contamination, air
pollution and safety measures to protect other
associated environmental pollution problems at the



451

J. Environ. Res. Develop.
Journal  of  Environmental  Research  And  Development                  Vol. 7 No. 1A, July-September  2012

initial stage itself.
The ash output of industries, normally termed as
Fly Ash was a major concern for the production
engineers, because their generation is voluminous.
In addition, the fly ash also creates air pollution
problems; they are very fine particles and flying
in nature as the name depicts. These flying ash
particles are very harmful for biochemical reasons
and they give rise to lung and heart problems as
they mingle with the air in the area where they
are flying. Apart from this, the ash also covers
the surrounding land and affects the fertility of
such lands considerably. Now this fly ash is
recycled to manufacture the Fly Ash Bricks. These
bricks have been found to be suitable for any sort
of construction, and in few States of India it has
been decided to use these br icks for  all
construction purposes of government buildings by
year 2005 so that its use can be made universal.
This will reduce the fly ash disposal problem upto
considerable extent.
Overburden in coal mining is a threat to
environment, as they hardly contain any fertile
ingredients in it. However their salinity is being
increased by leaving them aside during few
rainfalls. The mineral content of the rainwater is
precipitated in solid mass in due course of time
making the contents saline. Afterwards plantation
is done on this mass.
It may thus be concluded that solid waste
management involves development of appropriate
methods at respective places. Certain specific
utility processes may be incurred with the solid
wastes. On coalition of various organisms, plastic
wastes, packing materials, fresh and unprocessed
vegetables, cow-dung, rubbish and similar things
the solid wastes are being formed and methods
of their safe disposal will vary accordingly.
However, once such method has been developed,
the solid waste can be recycled, reused or
destroyed safely in order to keep our environment

clean and healthy.
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