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1. EXECUTIVE SUMMARY

1.1 Rapid Urbanisation :-

Rapid urbanization during last few decade has led to several 1ssues,
including management and disposal of Municipal Solid Waste (MSW).
The studies indicate that the quantum of waste generated 1s higher in bigger
cities due to high level of economic activities and consumption pattern.
The management of Municipal Solid Waste (MSW)1s the obhigatory duty of
the urban local bodies, howewver, in the cities and towns in India leaves much
to the desire, and is the root cause of public health and environment
problems. Taking cogmzance of the consequences of mismanagement of
Municipal Solid Waste particularly in the wake of Surat Plague in 1994, the
Supreme Court of India set up an Expert Committee to recommend the
measures to improve the waste management particularly in Class-1I cities in
the country. Simultaneously, the Ministry of Environment & Forest,
Government of India, notified the Municipal Solid Waste (Management &
Handling) Rules 2000. These rules alongwith the recommendations of the
Expert Committee of the Supreme Court mandate scientific method of
MSW collection, transportation, treatment and its disposal at sanitary
landfill. The underlying principle of these rule is of recycling of waste and
the disposal of residual waste into sanitary land fills which will protect the
environment from being polluted by the erroneous city waste.

1.2 MSW in Mumbai :-

The City of Mumbai which is one of the largest urban
agglomerations in the World, generates about 7000 MT of waste evervday.
This is disposed off at three land fill sites namely Gorai; Mulund and Deonar
located outskirts of Mumbai. These landfills are fast heading towards a
saturation level. Landfill sites may lead to severe environmental problems
which will affect the people living in the City. Already there has been a
demand to close the land fill at Gorai similarly either to close or drastically
improve the sites at Deonar and Mulund. As per estimates prepared by the
Solid Waste Management Cell of the Government of Maharashtra, Mumbai,
more than 700 hectares of land will be required during the next 25 years, if
all waste is disposed in the way it is done at present. In a city with limited
geographical area and the constraints of Coastal Regulation Zone along
with heavy pressure of colonization, the availability of land of this size may
be no better than a dream. The only option therefore, is to reduce the waste
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itselt at the point of generation through segregation and recycling, and also
to enhance the capacity of the existing landfill through waste treatment and
perhaps by mining and recycling the old stabilized material.

1.3 Research Project :-

Municipal Corporation of Greater Mumbai in collaboration with
Veermata Jijabai Technological Institute (VITI), Mumbai, carried out a
three pilot studies focusing on utlisation of old stabilized material for
making construction bricks. The objective of this study was to establish the
technology of converting stabilized waste into building bricks. The study
carried out prima facie indicates that the MSW can work as soil substitute in
making building blocks and bricks. The study concluded that, if the
stabilized waste could be used as soil substitute, it would reduce erosion of
the agricultural land to a great extent which takes place as a result of removal
ol top sol for normal brick making.

Considering the encouraging results of the study, the MCGM and
VITI approached the Solid Waste Management Cell of the Govt. of
Maharashtra and All India Institute of Local Self Gowt. (AIILSG) for
supporting further study which could firmly establish the technical
feasibility of the above technology and help in establishing a reliable option
of waste utilization. The SWM Cell, Municipal Corporation of Greater
Mumbai and the VJTI moved a research study proposal to Mumbai
Metropolitan Region Environment Improvement Society (MMR-EIS) for
financial support. After several rounds of presentations and discussions, the
MMR-EIS approved the research project.

1.4 Objective of Study :-

The over all objective of the research study is to establish a process
and technical feasibility of brick making by using Municipal Solid Waste,
stabilized over vears at the landfill sites. It is also intended under the project
to identify the environmental implications, if any, of brick making activity,
if started within the city area. A reference to marketability of such burnt
bricks is also a part of the objective.

L5 Methodology :-

The methodology for this research project is to draw MSW samples
at various strata from landfill site at Deonar, testing and analysing the
samples at Soil Mechanics Laboratory, Structural Engineering Department
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and Environmental Laboratory of Civil Engineering Department in the
VITI. The methodology also included bacteriological analysis at G.S.
Medical College, K.E.M. Hospital with a view to identify possible health
and environmental hazards while making bricks from this material. The
lhiteratures overview and consultation with experts involved in civil
engineering activities and building material technology was also accepted
as part of the methodology.

Accordingly, 128 numbers of samples were drawn by trial pit and
boring method employing an agency through the bidding process, The
samples were analysed for physical and chemical composition; similarly for
microbiological analysis. Number of brick kilns were set up at Deonar to
burn the bricks made from wvarious mixes drawn by permutations and
combinations of various quantities of MSW, agricultural soil and fly ash.
These bricks were tested for compressive strength and water absorption,
The results obtained from the testing provided deep imsight of not only of the
possibility of making good bricks of acceptable standards from MSW but
also of the technological improvements in making bricks. The conclusions
drawn will help the brick making industries at large. A workshop was also
conducted in November, 2004, to discuss the preliminary findings of
samples drawn and the test reports of the bricks, with experts from building
activities, environmentalists and scientists from environmental and civil
engineers streams.

1.6 Enlarged scope of study :-

During the course of the study, the scope of research work was
extended to the issue of handling debris waste which is deposited in huge
quantity and needs immediate solution. Analysis of M5W in Mumbai
indicates nearly 17.5% to 37.5% of debris component in the MSW. It was
discussed that if the demolition debris, in particular, could be recycled into
making building material such as building blocks, the problem of disposal
of MSW could be significantly mitigated. Fly ash from Thermal Power
Plants, currently poses another threat to environment, could also be used for
brick making along with solid waste. The research study explored the
possibility, to use fly ash as one of the ingredients for MSW based bricks, in
order to reach a desired level of chemical and physical composition of the
raw material required. The project team also visited the fly ash based brick
making unit in Koradi near Nagpur to study how fly ash is being used in this
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activity and the extent to which fly ash could be used to strengthen the MW
and agricultural soil combinations.

1.7 Indian Standards for Brick Making and Working Hypothesis :-

As a part of this research project, Indian Standards of Brick Making
were considered as theoretical base to test the feasibility of making bricks
from different materials.

Traditionally building bricks are made by cutting top layer of
agricultural soil which generally has the following chemical composition:-

Silica (810, ) 37% to 48%

Alumina (ALO,) 20% to 32%

Calcium Oxide (Ca0) 5%to7%

Ferric Oxide (Fe,0,) 11%to 13%

The working hypothesis were that the combination of different
material should be able to make the above percentage of these chemicals in
order to give bricks of desired and approved standards.

Process of brick making comprises :-

Mixing of raw material in such quantity to satisfy the above
chemical standards, make brick block, drying and burning in age old
traditional bhatti / kiln, so that brick gains strength more than 30 and water
absorption limit of maximum of 25%.

The results obtained from this research study indicate that M3W
soil can be used for brick making in combination with fly ash andfor
agricultural soil.

1.8 Building blocks from debris :-

As mentioned earlier, the research study was extended to include
the treatment of building demolition debris, to explore the possibility of
making building blocks. The project team approached several Industrial
Units and experimented use of debris for making building blocks,
The results of the experiment indicates that the combination of debris along
with cement, sand, aggregates, can give building blocks of required guality.
In addition, it is established that even paver blocks prepared by using debnis,
cement, etc.; can also provide foot path pavers.

1.9 Impact on Environment :-

The project team carried out a environmental study of the brick
making activity at Deonar. The survey of ambient air quality due to brick
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burning was carried out 1n collaboration with Air Pollution Monitoring Unit
of Thane Municipal Corporation. The results indicate that there is no
significant increase in the pollutants as a result of brick buring.

1.10 Demonstration of the Technology :-

During the course of study the project team organized consultation
with the Builders and Developers in collaboration with Indian Merchants
Chamber. The consultation highly appreciated innovative work being
carried out under this project and recommended that the bricks made of
MSW should actually be used to demonstrate the technology. Accordingly,
the bricks used during the pilot project, were first used to construct the
flower bed in the Cathedral & John Cannon School, Middle School, 4,
Maharishi Dadhichi Marg, Mumbai-400 001, These bricks were also used
in making flower beds along Ridge Road at Malabar Hill in collaboration
with a NGO called AGNI. A structure constructed at Deonar Dumping
Ground itself'to study the reliability of these bricks in building making. The
structure withstood heavy rains of July 2005 and still intact without any
damage or effect on strength.

1.11 Broad Conclusions :-

#  MSW excavated at any location is found to content about 47%
to 52% soil material of less than 10mm in size thereby can be
used formaking the bricks,

#  The remaining 48% to 53% of material is greater than 10mm
size and 15 also very useful, as it contains various kinds of
recyclable material and if it is segregated properly it would be
very useful product and fetch a good value.

# MSW has deficiency in silica, alumina and ferric oxide and
calcium oxide as compared to the brick clay / agricultural soil.
Similarly, the quantum of finer material is less in it. These
deficiencies could be removed by addition of fly ash from
Thermal Power Station or agricultural soil.

#  Presence of heavy metals like chromium, lead, copper, zinc in
MSW is in traces.

# On the basis of microbiological analysis it is seen that
precautions in terms of cloth mask, gloves, gum boot ete. to the
labourers will be essential while making the bricks from the
MSW. Regular health check up of the people working in this
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field 15 also advisable.

The brick cannot be made exclusively from MSW soil
however, by addition of agricultural soil or fly ash to the
minimum extent of 10%, the bricks can be made which
satisfies the required standard.

Very experienced personnel needs to be employed for all these
activities.

The handling of bricks before and after burning needs to be
carried out very carefully to avoid its damages.

During these experiments the cost of making brick varies from
Rs. 1.00to Rs, 4.00 per brick.

Considering requirement of brick in the city the process of
manufacturing needs to be mechanized.

(On mechanization or even with conventional process if bricks
are manufactured in large quantity the cost may be around
Rs. 1.00 per brick.

[t is to mention that, normally, the cost of regular brick in the
market is varies from Rs. 1.80to Rs. 2.50 perbrick.

Presently bricks are coming in city by transport [rom almost 70
to 80 kms distance and by virtue of making bricks at dumping
ground the transport will reduce. Therefore, savings in fuel,
reduction in fuel emission which leads to reduction in cost of
bricks and protection of environment.

The room constructed by use of these bricks at Deonar
dumping ground about two year back has shown very good
result,

Ambient Air Samples collected during the burning of bricks
shows that all values of 50, and NOx and SPM are within the
permissible limit.

Some of the benefits derived from making of bricks by use of
MSW and fly ash are as follows :-

Huge quantum of MSW will be used.

Expansion of dumping ground will stop thereby no
requirement of new land for dumping ground.

It will facilitate extensive segregation and use of recyclable
material.
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Provides solution for conversion of complete MSW into useful
products.

The recyclable material will provide very good value.

The fly ash will be used in huge quantity.

The cost of brick will be less.

The bricks will be available in huge quantity and as per
requirement,

The manufacturing process will take place at single location
thereby complete quality control can be maintained.

The size and shape of brick can be made as per requirement of
client.

Mechanisation will facilitate manufacturing even during
monsoon which is not the case with normal bricks.
Barranization of agriculture field will stop to great extent.

Due to stoppage of expansion of dumping ground the damage
to the environment will also stop,

There will be saving in fuel and reduction in fuel emission.
Exploitation of labourer will be stopped.

At the end, this research work provides very innovative and
extremely environment friendly solution to almost all
problems created by two major solid waste i.e. MSW and fly
ash.

1.12  Future Activity :-

To develop the guidelines for the Commercial Viability,
Manutfacturing and Marketing, so that Entrepreneurs can come forward at
various locations for utilizing Decomposed Municipal Solid Wastes and
other Solid Wastes for construction industry.

Commercial Viability 1s needed to realize the concept from this
study and to make the project into reality. Studied guidelines for the
Manulacturing and Marketing are necessary to raise the confidence levels
of the prospective entreprencurs.

The activities involved are as follows :-

Identifying Preferred Mix Designs for various items, uses and
commercial viability.

Requirements of Manufacturing

Preparing samples and offering commercial use and observing
their reactions.
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®  Guidelines for promotion of construction materials made from
Municipal and other solid wastes including incentives from
various authorities.

e  [ssueofcarboncredit.

.13  Implementation :-

Who so ever interested in resolving the issue of dumping of MSW
and unable to carry out brick making activity due to non availability of
agricultural soil and number of other reasons, may start utilising this
research work. Depending on site conditions and availability of raw
material number of combination of mixes can be used, however, following
combinations are suggested for getting better burnt bricks, provided
uniform heating and cooling is achieved in kiln, for optimum results.

Quantity in %
MSW Fly Ash F2 Agricultural Soil

75 25 -
50 30 -
&0 10 10
70 - 30 |

IR (O L

I,
(08




2. BACKGROUND

2.1 Introduction :-

Urbanisation is a common phenomena seen worldwide, mainly due

to concentration of economic activity, shifting of population, etc. Many
places, itis also seen that areas which were earlier rural, is getting converted
into urban localities. Urbanisation has very important feature of increased
standard of living, demand of more and quality services, The population
becomes more and more dependent on each other for various services,
particularly civic services, It has become stupendous task for the Urban
Manager to provide civic services and satisfy the demands of population.
The most essential services like water supply, roads, drainage, electricity,
MSW, etc., are being generally provided by the Govt. organisations and
local bodies, however, it 1s seen that the citizens are not fully satisfied and
the MSW is one of such issue. MSW involves collection, transportation and
disposal of garbage. Procedures are laid down for all these activities,
however, due to various factors it could not be followed in totality.
Generally, it is seen that, Solid Waste is disposed off at low-lying areas,
which are normally called as "land fill sites". Land fill sites are generally
located at the outskirts of the cities, however, by its expansion, such sites
become a part of city and nuisance to the population living around.
Maost of the disposal sites in India are just uncontrolled dumps where a
mixture of domestic, commercial, industrial and hospital wastes are
dumped together. This creates air pollution, ground water and soil
contamination etc. Open dumping of wastes generally becomes ground for
various dreadiul diseases, particularly in the vicinity of the disposal sites.

F oy Municipal Wastes Management and Handling :-

In order to streamline MSW management, Ministry of
Environment and Forest (MOEF ) has promulgated the "Municipal Wastes
{Management and Handling) Rules, 2000" under Environment Protection
Act (1986) which addresses various aspects of waste management viz.
collection, transportation, storage, recyeling, processing, disposal, etc.
These Rules emphasizes integrated approach starting from house-to-house
collection to processing of organic waste and scientific disposal of nert
wastes. As perthe rules, implementation time schedule was as follows:-



|. Improvement of existing landfill sites by 31.12.2001
2. Identification of landfill sites for future use and making site
ready for operation by 31.12.2002.
3. Setting up of waste processing and disposal facilities by
31.12.2003.
4. Monitoring the performance of waste processing and disposal
facilities once in six months.
From above it is clear that apart from scientific way ol management
of solid waste in the city; the Rules have stipulated specific dates for
complying with the requirements.

2.3 Existing methods of disposal of solid waste :-

The number of innovative methods have been tried for reducing and
reusing the Solid waste. Methods available for both consuming and reusing
the Solid waste is found either time consuming or economically not viable.
At the same time, these methods are unable to take care of huge Solid waste
generated. Methods like Vermiculture, Composting, Pellatisation,
Biomethanation, Generation of electricity etc., are being tried, however, it1s
found that these all methods are expensive and require large quantum of
land, which normally searce in the urban area.

For effective disposal of urban solid waste Bureau ol Indian
Standards, has framed guidelines under Indian Standard 9533 of 1980
which are reproduced below.

2.3.1 Sanitary land filling :-

e Urban solid wastes may be dumped on land. Such uncontrolled,
haphazard dumping leads to unhygienic conditions and is objectionable
from aesthetic point of view. Such dumps often attract rag-pickers who,
during their activities, scatter the material, thus forming an eyesore to the
residents of the surrounding areas. These disposal sites may also result in

prolific breeding of rats and other vermin thereby endangering public
health.

b

» However, a large majority of Indian cities continue to use this
method and some reclaim low lying land by using slightly modified form of
land filling. This process has been systematized and made more sanitary and
efficient and is known as sanitary land filling.

> In this method the waste is deposited in 1.0 to 4.5 meters thick
layers in either natural or man-made depressions and then compacted to the
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smallest practical volume and covered at least once a day by adequate
quantities of soil or other inorganic material. This covering precludes the
possibility of fly breeding, rat burrowing, etc.
¥ Sanitary land filling may be carried out in three ways as follows ;

a} Trench method,

b) Areamethod, and

c) Ramp method.
Vo The trench method is preferred for flat terrain, the area method for
irregular, undulating or marshy land, and the ramp method for flat or gently
rolling areas, Itis possible to adopt sanitary land filling for disposal of all
types of wastes onall types of land. As mostthe cities already use the crude
form of dumping, suitable sites already exist which, after minor
modifications and investment, can be converted into sanitary landfills.
> Sanitary land fill sites should be properly selected so as to avoid
possible pollution of surface or ground water. The amount of pollution in
g/kg ot refuse, based on studies carried out in India is given in Table below.
For the sake ol comparison and suitable modifications under Indian
conditions data from Switzerland is also given.,

Sr.No. | Constituents Indian Refuse Swiss Refuse
(1972) (1968)
i) Sulphate | 0.12 0.54 |
i) Chloride . 1.76 0.232 i
i) Nitrite 0.00032 0.00002 i
v) Nitrate 0.00347 (.034 |
V) Ammonia 0.30 0.0001
vi) Permanganate value | (1.288 0.078
vii) | BOD 17.56 0.011
. The larger organic content in Indian refuse is reflected in larger

pollution values. To avoid such pollution, sites should be properly selected
and in cases where pollution is likely occur, suitable measures should be
taken to stabilize the soil by compaction, addition of chemical reagents to
the surrounding soil., or by interposing plastics membrane between landfill
and the surrounding soil,

F Some studies have revealed that under Indian conditions, a volume
of 9 to 10 M? is adequate to take care of 100 tones of refuse per day for 25
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years, The area needed for the landfill can, hence, be calculated when depth
ofthe fill is known,

» Land fill sites should be provided with suitable water for fire-
fighting and for drinking purposes. Necessary mechanical equipment, such
as bulldozers and scrapers should also be provided.

» Pollution of Ground water by refuses (g/kgs)

LS

e Sanitary land fill can accept all types of wastes. However, it is
desirable to provide separate land fill sites for hazardous wastes. Even ifthe
principal disposal method is composting or incineration, sanitary landfills
should always be provided for disposal of non-decomposable material and
incinerator residue.

» The advantages and disadvantages of sanitary land filling when
compared with other methods are as follows:

Advantages :-

a) The process can be made sanitary;

b} Highly skilled personnel is not needed;

¢} Itcanbe safely overloaded without causing any problems;

d) It converts low lying marshy waste land to useful areas having
aresale value;

e) NMatural resources are returned to soil and recycled;

f) Stabilized material may be excavated and reused, if necessary
and then the land may again be used for filling; and

g} This has been found to be the cheapest method of disposal
in India.

Disadvantages :-

a) A large land-space is required and this is mostly available
away from the town. Due to larger distance, the transportation
cost is substantial; and

b) Spontaneous ignition may occur due to methane formation in
wet weather.

232 COMPOSTING:-

The degradable fraction of the waste, as a result of biochemical
reactions, is degraded to a stable form called 'compost'. This compost, when
applied to soil, is known to increase the moisture retaining and ion-
exchange capacity of the soil. It also contains a small proportion of plant
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:

nutrients (N,P,K) which cannot be easily leached away and are observed to
be slowly released for utilization by plants.

The composting process may be carried out either aerobically or
anacrobically. During the acrobic process, more energy is released and
comparatively higher temperatures up to 70°C are recorded, thereby
ensuring hygienic safety of the product. Also, due to the faster rate of
reaction, the final product is obtamed much earlier.

Advantages :-
# It increases water retaining and ion-exchange capacity of soil
to which it 1s added;
# In addition to Municipal solid waste, a number of industrial
solid wastes can be treated by this method;
# ltcan be sold, thereby reducing the cost of disposal; and
# Recyeling of soil nutrients.

Disadvantages :-
# Mechanization involves relatively high capital and operation
COSLs;
» Disposal of non-compostables has to be done separately; and
# The product does not have an assured market.

2.3.3  INCINERATION :-

e Incineration is a refuse reduction process wherein the organic part
and moisture of refuse is converted to normal components of atmosphere by
enclosed and controlled combustion. The primary products are carbon
dioxide, water vapour and nitrogen and a solid residue of broken glass,
ceramics, metals and mineral ash. Normally 200 to 300 percent excess air is
supplied. to ensure complete combustion, which carries away the gaseous
products while the solid residue, termed as clinker, is removed separately.

» There are various types of units, each suitable for a specific
purpose. The modern trend is to use heat utilisation type units rather than the
non-heat-utilisation type. In a still modified form, utilisation of refuse (after
some treatment) as a fuel along with or as fuel alone in thermal power plants
15 being increasingly preferred. The heat can be utilised for raising steam or
power generation, the latter being commonly preferred. To obtain proper
and complete combustion, movable grates are increasingly preferred to
fixed grates. Also it is desirable to maintain high furnace temperature and
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avoid high grate temperature, so as to avoid clinkers blocking the grates.
To ensure complete combustion of the charge, and to reduce air pollution
problems, the rates of primary and secondary air supply have also been
standardized.

¥ The tendency of enacting more and more stringent air pollution
control regulation has resulted in provision of more complicated and hence
costly air pollution control equipment which is making the operation of the
incinerators more costly. However, it has to be borne in mind that the
pollutants likely to be introduced by incinerators are negligible as compared
to those introduced by industries and automobiles.

» For economic operation of incinerators the refuse should be such as
would give a self-sustaining combustion reaction. Figure 1 shows the zone
in which such a reaction can be obtained. It can also be seen from Fig. that
majority of Indian refuse lines outside this zone and would need auxiliary
fuel, thereby boosting the cost of incineration. Hence, in India, incineration
would prove to be economical in cases where either a self-sustaining
combustion reaction can be obtained or where the total cost of collection
and disposal will be reduced due to its location within city limits,
The incineration method is commonly used for the disposal of hazardous
toxic wastes.

s

> The advantages and disadvantages of this process, as compared to
other methods of disposal are as follows.

Advantages :-

» Residue is only 20 to 25 percent of the original mass,
The clinker and fly ash can both be utilised after suitable
treatment;

# Itrequires very little space;

# It can be located within city limits which reduces the cost of
transportation: and

% This process is safest from the point of view of hygiene,

Disadvantages:-
# Its capital and operating cost is higher,
# Itneeds skilled personnel, and
# ltmay cause air pollution.
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2.3.4 PYROLYSIS:-

» In this process, solid waste is burnt in the presence of insufficient
oxygen when a number of intermediate products are formed and recovered.
If the burning temperature 15 above 900°C, a fuel gas is mainly produced
along with some other residue. In case of burning is carried out at 600°C, an
oily liquid having properties similar to diesel fuel and char are obtained.
The char can be used after suitable treatment.

- Full-scale units of high temperature pyrolysis type have been
constructed and the mass balance obtained is given in Table below. Part of
the gas (85 percent of total) can be used in the plant itself and the remainder
15 percent {having heat value 910 kJ/kg refuse input) can be sold. The char
can be converted to activate charcoal and used in water and sewerage
treatment, or sold. Some unburnt or partially burnt residue has to be land
filled and the waste water has to be let off to sewers.

Mass Balance in high temperature Pyrolysis*

INPUT OUTPUT
Amount | Energy Amount Energy
I Kg Net Calorific | 0.285 kg dry slag | Calorific value 10 470
Refuse | Value7330 kj'kg ki'kg Net - 3.000 kj

0.285 kg water -

0.35 kg (0.5m*) | Calorific value 12 140
kj/m* Net = 6 070 kj

(.04 kg scrap

0.04 kg losses | -

* For a plant in Kalundborg,

Low temperature pyrolysis units have not yet been constructed on
full-scale unit size. However, pilot plant studies indicate the possible
problems in utilization of o1l due toits high viscosity which may cause
problems inits transportation and burning.
> Pyrolysis units offer one major advantage, that is, lesser pollution
of air as the air supply is lesser than the stoichiometric oxygen enquirement
in incineration. Its running cost is also claimed to be lesser than incineration.

2.3.5 Methodsunder development :-
» Conversion to Biogas - Anaerobic digestion of the organic fraction
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of Municipal solid waste is also feasible. The process produces a mixture of
methane and carbon dioxide which may be used as fuel. The residue
contains most of the plant nutrients, like nitrogen, phosphorus and
potassium, and can be conveniently used as manure. The inorganic fraction
has to be separately disposed offby land filling.

k-

- Calorific value of the gas produced by this method is the same as
that of the gas from digestion of sewage sludge. However, design criteria
and economics of the process have to be properly established before the
process can be considered for use by civic authornties,

» Conversion to Single Cell Protein - It is feasible to convert cellulytic
fraction of municipal solid wastes to single cell protein which can be easily
used as cattle feed. The produet is known to be very rich in most of the

essential amino acids.

e A detailed analysis of the process needs to be carried out so as to
evaluate the economic feasibility of the process.
¥ Recycling and Reuse of Components - Vanious organisations have

developed processes for segregation and reuse of solid waste components,
such as paper, metals and glass. These have a larger application in developed
countries where the proportion of these constituents in municipal solid
waste is large. In India, most of these materials are reclaimed at the source
itself'and do not reach solid waste collection sites.

2.3.6 Observations :-

Considering the advantages and disadvantages of various methods
of disposal of MSW none of the method is in position to provide
considerable solution to the problem. Particularly in view of the huge
quantum of MSW generated, lack of space, ete.
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3. RESEARCH INITIATIVE
INNOVATIVE CONCEPT OF USE OF MSW,

3.1 INTRODUCTION :-

It is natural that any thing buried in the earth, gets converted into
carth itself. The same principle applies to the MSW lying at dumping
ground. MSW - dumped is subject to extensive chemical, physical and
micro-biological processes - collectively called as decomposition. This
process converts MSW into decomposed solid waste, new biomass,
generates gases, contaminants in solution (leachate), heat, etc. The process
of decomposition 1s most active during the first few years, but it may
typically continue for several decades, The period of conversion varies from
the type of MSW and its contents. For example the compostable matter,
gets converted into soil within 3 months to one year. The other major
component which is inert material generally ash, fine earth, debris,
construction materials, etc..., gets disintegrated and becomes soil
depending on the strength of its binding material. As regards glass, metal,
plastic, etc.. it takes long time may be hundreds of years to convert.

3.2 Innovative Concept of Use of MSW :-

Sinee the land fill method for disposal of MSW is adopted for the
past several yvears in Deonar Dumping Ground, the organic matters in
dumped MSW deposits must have been decomposed and got converted into
soll. Keeping in mind this principle, Mr. S.8. Shinde, Dy. Municipal
Commissioner, Municipal Corporation of Greater Mumbai, Mumbai, has
thought of making such product which will consume the decomposed soil of
MSW. And thus he visualised an innovative concept of making building
bricks by using decomposed MSW Soil. He also tried to establish that the
bricks made from decomposed MSW has following features:-

F Consumption of Huge quantity of MSW.
# Low capital investment.

- Employment generation.

= Environment friendly.

> Economically viable,

To examine the viability of this thought, since October 2002, three
experiments have been carried out, at Deonar dumping ground. For carrying

P —
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out these experiments, screened MSW soil was obtamed by taking trial pits
at one of the corner in dumping ground,

3.3
L)

2)
3)
4)
5)
6)

7)
8)
9)

10)

i1}
12)
13)

14)

15)
16)
17)

18)

Stages involved in carrying out experiment were as under : -
The total area has been inspected to fix the locations for pits then the
quarrying of soil was done and kept for drying.

The dried soil then sieved.

Sample of soil sent to laboratory for soil investigation.

The soils from agriculture field were brought.

The pits were excavated for mixing & making clay.

The dumping ground sieved soil and agriculture field soil was
mixed in various proportion and then put in pits, which was filled
with water.

The mixing was done manually.

During the process of mixing, removed the material like plastic,
stones, etc... which could not be segregated during sieving.

The above mixed material kept in pit for 24 hours for soaking,

After 24 hours the above mixed material got converted into mud
which was brought out from pits and kept along sides for about 12
hours to increase its plasticity.

Then bricks/blocks were made from this mud.

These bricks/blocks were kept for sun drying.

After confirming that the blocks are well dried, the bhatti/kiln was
arranged for burning of these bricks in cubical shape on platform
prepared on the ground.

The bhatti was then encased to avoid heat loss by arranging already
burnt bricks all around the periphery of the bhatti and by keeping
4" gap.

The 4" gap was filled by paddy foliage to keep the bhatti burning.
Then the bhatti was kept burning using paddy foliage/coal.

After burning bhatti was allowed to cool down and then it was
opened.

On opening the bricks/blocks were tested as per 1.S. Code 1077 in
Municipal and V.J.T.I. Laboratories.



Experiment wise details of activities and resources used is as

follows:
E Description Experiment | | Experiment 11 | Experiment 11
 No.
I | No. of bricks made IR00 1350 70000
2 |MSW Soil collected| 5 locations | 4 locations | 10 locations
from
3 | Quantity of MSW 25T IR T 540 T
excavated.
4 |Sieving up to gramn, 10 mm 10 mm 10 mm
size. down down down
5 |Quantity of graded I3 T 9T 225 T
soil found.
6 |Quantity of non 12 T 9T 35 T
graded soil found.
T | Whether soil from Yes No Yes
agriculture field were
brought.
8 |Quantity of paddy| 350 kg 500 kg 15000 kg
foliage used.
9 |Quantity of sea sand| 25 kg S0 kg 800 kg
used,
10 |No. of labourers used.
1) For sieving of soil. a0 60 180
ii) For mixing of soil. G 6 282
tit) For arranging 4 4 97
Bhatti.
iv) for other works. 10 18
11 | Machinery used. -
1)1.C.B. for ¢ hours 6 hours 18 hours
excavation.
1i)Dumpers for 10 12 185
transportation,
i) Water tanker for 3 2 36
water supply.
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Description

Experiment |

Experiment I1 | Experiment I11 |

NO. _

iv) Electricity. I Halogen | | Halogen I Halogen
lamp lamp lamp

12 | Quantity of salt used. Mil. 25 kg Nil.

13 | Type of coal used. MNilgai Chandrapur | Chandrapur

14 | Quantity of coal, 500 kg 1000 kg 3800 kg

15 | Quantity of water| 4000 lit. 3000 lit. 180000 lit.

used.

16 | No. of pits excavated 2 6 10

for mixing of'soil.

17 | Location of pits in Mear Near Open plot in
Deonar Dumping Conference | Conference Bulldozer
Ground. Hall open Hall open garage and

ground. ground. near bldg.

18 | % ofagriculture soil. | 10% to 15% Mil 10%

19 | Mixing of soil, Thoroughly | Thoroughly | Thoroughly

20 | Number of laborers| One labour | Two labours | 2 labourers in

deployed for mixing in each pit. each pit.
of soil.

21 | The mud was keptin| 24 hours 24 hours 24 hours

the said pits for

22 | To increase 12 hours 12 hours 10to 12

plasticity of mud it hours
was kept along pit
for

23 | Blocks/bricks were | 4 to 5 days. | 7 to & days. 4 to 5 days.

| sun dried for.

24 | Blocks/bricks were | 2 to 3 days. | 2to 3 days. 15 days.

dried from other side
for,

25 | The size of Kiln in 10'x8'x 8" 20'x 10'x5' 20'x40'x 12

feet. L¥W*H
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Sr. Description Experiment | | Experiment [1 | Experiment 11

No.

26 | Encasing of Kiln |Ground was|/Arranging [Arranging
to avoid heat leveled by soil| two layers of | two layers of
loss. and also by| already bumt | already burnt

arranging/bricks for | bricks for
already bumntfb ot tom bottom
bricks. All| platform and | platform and
around the|by arranging | by arranging
periphery of] already burnt | already burnt
bhatti by|bricks all|bricks all
keeping 4"[around the|around the
gap from|periphery of | periphery of
Bhatti. Bhatti by |Bhatti by
keeping 4" | keeping 4"
gap from|gap from
layers. layers.

27 | The Kiln was bum| 6 days 10 days 12 days
with paddy foliage
for

28 |[The Kiln was| 2 days 4 days 6 days
allowed to cool down|

| for

29 | Period for carryingE 25 days, 30 days. 60 days
out this whole|
process. | |

30 | Visual physical properties of bricks on opening the Kiln.

1} Color I Red Red Red

ii) Shape Partly bent Partly bent | Good
due to excess| due to excess
burning | burning

111} Sound After striking - After striking
each other it each other it
creates creates
wringing wringing

i sound. sound.
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Sr. Description Experiment | E;:perimenl I | Expertment 111

No, |

31 | Observations of Top layers Most of the | Bricks are in
bricks in kiln are of brittle | bricks are good

nature. brittle in conditions.
Bottom layer | nature. Edges are
WHS SEen as good.
normal bricks

with normal

edges.

32 | Skilled persons in Wada Neral, Usgaon,
this field were Metheram, Vasai
brought from village, Karjat
Experiement No. 1 Details of samples along with soil used

Sample | Mark Quarried | Quarried Fine | Agricultural

No. up to depth | out from | material | soil added
in metre | dumping after in %
ground | sieving
in MT in MT
I No Mark Lid 6 3 10
2 I Hole 1.5 6 3 10
3 2 Holes L5 5 3 10
4 3 Holes 135 5 2 5
5 KBK e 4 2 5
Experiement No. 1 Test report as per IS Code 1077
sample Mark | Municipal Laboratory V.1 T.1. Laboratory
Pk %o Water |[Compressive| % Water |Compressive
Absorption| strength | Absorption|  strength
kghem’ kghem'
| No Mark 13.582 33.10 17.90 70.50
2 | Hole 19.80 39.00 18.50 75.90
2 2 Holes 20.15 24.90 18,40 51.50
4 3 Holes 17.36 33.50 19.82 64.00
5 KBK 22.40 20,70 18.20 66.00
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Ambient air quality study was carried out by MPCB Officers for 6
hours. From the result, it was felt that burming ot bhatti has not produced any
harmiul elements in the air.
Ambient Air Quality Monitoring

Sample Received from
Sample Collected on
Sample Received On

F_-lzmmt_c DETCE_]_S_ J‘»’S Nt’_‘.l / Station

: Sub Regional Office Mumbai - 11
: 16.11.2002
: 18.12.2002

Date of | Timeof | S02
sampling | sampling
16.11.02 11.15AM | 8.0

15.19 PM | 4.0

: Deonar Dumping Ground

.b;'ﬂl]]p]E Collected by
Name, Designation & Seal No.

NOx | NH3 | RSPM | sPM ‘ Pb
69.0 68.0 :
330 680 | -

- SRO Mumbai - 11
:B.P. & P. P. Jagtap (C. Q.)
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Photo 3.5 ; While taking ambient air samples
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On completion of first experiment and testing of burnt bricks, it was telt that
from the mixture of soil drawn from the dumping ground and agriculture
soil, the bricks can be made, However, our intention since beginning was to
make bricks by use of 100% soil drawn from the dumping ground.
Therefore, 1t was decided to conduct second experiment by use of only soil
drawn from dumping ground of which details are as follows :-

Experiement No. 2 Details of samples along with soil used

sample
No.

|

o= o

Mark

No Mark

| 1 Hole
2 Holes
3 Holes
4 Holes
3 Holes

Quarried | Quarried Fine | Agricultural |
up to depth | out from | material | soil added
in metre | dumping alter in %
ground | sieving
in MT in MT
1.5 4 2z il
1.5 5 2 N1l
1.5 3 1.5 N1l
1.3 3 I3 il
k.3 3 1.5 Mil
Gr. Level 3 1.5 Mil

Photo 3.9 : Preparing pit for mixing,
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Photo 3.12 : While arranging the brick kiln.
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Photo 3.15 : While arranging the Kiln,
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Photo 3.18 : While burming the kiln.
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Photo 3.21 : On opening the kiln making observations.
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From Experiment No.2, we could not get any brick in proper shape
as most of the bricks were brittle and crumbling at site itself. Therefore,
testing ol these bricks could not be done. Again to see the viability of making
large numbers of bricks by mixture of soil drawn from the dumping ground
and agriculture soil, itwas decided to conduct third experiment of about one
lakh bricks and the details are as follows:

Experiement No. 3 Details of samples along with soil used

Sample Mark Quarried | Quarried Fine | Agricultural
MNo. up to depth | out from | material | soil added
in metre | dumping after in %
ground sieving
in MT in MT
1 VBV 4 50 | 20 10
2 BMC 4 50 _ 20 10
3 3 4 60 | 24 10
4 i 4 4 ISE} 24 10
5 3 4 55 22 10)
. G 6 4 &l 24 10
7 7 4_ 45 13 10
8 8 | N 50 20 10
9 9 4 50 20 10
i 10 10 4 o) 24 10
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It 1s to mention that, while conducting third experiment, there was a strike
called by Truck Owners. Therefore, required agriculture soil could not be
transported at site. However, soil (not agricultural seil) which was brought
to the dumping ground as part of MSW garbage has been used for this
experiment. Therefore, in this experiment also, we could not get the
required quality bricks. On analyzing, it was felt that may be due to

improper heating and also due to quality of 501l used, bricks could not be
made of the required standard.

Fhoto 3.23 : Completed kiln of experiment No, 3 .

While conducting third experiment, we came across number of experts and

the people who are concerned with the problem created by MSW dumped at
dumping ground.

During these expenments, number of people encouraged us,
patticularly, the then Municipal Commissioner, who visited and appreciated
the work being carried out,

The outcome of these experiments and encouragements from all the
concerned, a feeling is created that we must continue to work on above lines
and provide a solution to the one of the major problem of the Urban area.




4. LABORATORY WORK

4.1 Introduction :-

From the outcome of first three experiments, it was felt that, further detail
study 1s required to establish that, from the mix of MSW soil and agricultural
s01l, the bricks of required standard can be made. For these three
experiments we have already spent Rs. 145,135/~ out of which some
money was taken on loan. For detail study, fund is required thereby we were
in search for financial support.

Meanwhile we came to know that one of the Organization of
MMRDA viz. MMR Environment Improvement Society provides financial
assistance for the rescarch work carried out in the sector of environment
protection. Therefore, it was decided to make a formal application to the
MMR- Environmental Improvement Society for seeking grant. Then
question came, to whose account such money shall be drawn and it was felt
that it would be easier to operate, ifmoney is drawn on account of " All India
Local Self Government"” for which AILSG has also agreed. Team formed
and application made to MME Environment Improvement Society.

The team members are :-

1. Shri(G.B. Chaudhari, Asst. Professor, V.J.T.I. Team Leader

2. ShriA K. Jain, Sr. Advisor, AIILSG

3. Shn 5.5. Shinde, Dy. Municipal Commissioner, M.C.G.M.

Dr. P.F. Bhave, Lecturer, Civil Engineering Dept., VITI

. ShriA. Y. Mukadam, Executive Engineer, M.C.G.M. (Retd.)

. Shri Pramod Kalme, Civil Engineer

(7. Dr. M. G. Karmarkar, Associate Professor, G. 8. Medical
Collage, K.E.M. Hospital, Parel, Mumbai has helped to carry out
Microbiological Analysis.)

= T

The activities identified in the proposal were as follows :-

s Taking 20 trial pits up to 4 m. depth at various locations in
Deonar Dumping Ground and drawing samples of soil at every
1 Mt. depth.

e Taking 5 trial bores up to 10 m. depth at various locations in Deonar

dumping ground and drawing undisturbed samples.

e Analysing samples of soil and leachate drawn, for engineering and
chemical properties,
e Preparing 20 mix designs with various types of soil sample in
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4.2

various proportions in the laboratory and testing of same.
Manufacturing of 6000 brick samples from various mixes of MSW
sotland agricultural soal.

Carrying out various test as per IS 1077 on bricks.

Preparing research report.

Scope of research work

Study the engineering and chemical properties of the MSW soil and
brick clay / agricultural soil.

Prepare mix designs for making brick from mix of MSW soil and
agricultural sml,

Suggest the mixes for making bricks of required standard
in which maximum quantity of MSW could be used.

Manufacturing bricks by using appropriate mixes.

Ascertain the fulfillment of prescribed standard by such brick.

To suggest further course of action.

After series of meetings and presentation before the members of
MMER Environment Improvement Society, the acceptance of

proposal was received in the month of February 2004 and thereafter
work has started.

SAMPLING :-
As a first step to start research work, it was decided to collect the

samples of MSW soil from Deonar dumping ground and brick clay/

agricultural soil from wvarious places of brick manufacturing sites.
The samples of MSW were collected by taking trial pits and trial bores,

Photo 4.1 : Aenal view of Deonar dumping ground
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Photo 4.4 : Aerial view of Deonar dumping ground
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4.2.1 Trial Pits :-

Trial pits were located in such a way so that they are spaced evenly
through out the dumping ground area. Deonar dumping ground, which 1s a
huge land, (about 70 Hectares ) divided in twenty portions and in each
portion, one trial pit of 4m x 4m x 4m depth was taken. Ineach trial pit, for
each one metre depth, one sample of one cubic feet MSW was collected.
Similarly, wherever found, the leachate samples were also taken.

To get the wet weight of each one cubic feet of MSW samples
collected from trial pits, at each metre depthi. ¢. for O to Im, 1 to 2m, 2to 3m
& 3 to 4m, were immediately weighed at site. Thereby, in all 80 numbers of
MSW samples were collected from 20 trial pits. These samples were sun
dried at site and later on sieved with 10mm size sieve, to segregate 10 mm
down and above size material. After segregating, both these materials were
weighed separaiely and transported to So1l Mechanics Laboratory VI T.1L
for further analysis. Along withit, some samples were collected in sterilised
glass tube and immediately transported for microbiological analysis at G.S.
Medical College, k.E.M. Hospital, Parel, Mumbai. In addition to above,
from every one metre depth of trial pit, 15 numbers of one cubic feet of
10mm down size screened MSW was separately collected and bagged.
Thereby, from each trial pit, 60 numbers of 10mm down size screened MSW
was collected and bagged.

4.2.2 Trial Bore :-

Along with the trial pits, to get the depth and other details of MSW
dumped at dumping ground, 5 trial bores were taken by appointing a
geotechnical rotary drilling contractor. For taking these bores, the area of
dumping ground was divided into five even parts. While drilling bores, the
undisturbed samples of MSW were collected in 4" diameter and 2 feet long
M.S. tubes. Borehole samples were collected from ground level upto 10
meters depth. From bore log it is found that generally the depth of MSW is
upto 7 to 9 meters from present ground level, Below 7 to 9 meters depth,
cenerally, marine clay exists. Even in each 2 feet long undisturbed
samples{UDS), the recovery of actual sample was much less and it is due to
presence of cloth, plaste, tyres, etc... which obstruct the collection of
sample.

These undisturbed samples collected were transported to Soil
Mechanics Laboratory, V.J.T.I. for turther engineering and environmental

analysis.The Leachate, samples were also collected, where ever it was
available. Details ofbore holes is as follows:-
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| Bore No | No. of samples

L 10 |
EN 9 |
‘ 3 | 11 ‘
4 | 10
‘ 5 | 6 |

On 10.4.2004, the Members of MMR Environment Society had
visited the site, appreciated the work being carried out and gave some
suggestions,

e *: ;
Photo 4.6 : While inspecting trial pit
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Photo 4.7 : Excavated trial pit.

Photo 4.8 : Excavated trial pit.
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Photo 4.9 ; "-"-"]1'1]131|1.~;pu:::ing trial pit.
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Photo 4.12 : Duning visit to dumping ground.
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Photo 4.15 : While inspecting the trial bore.
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Photo 4.18 : While discussing further course of action
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4.2.3  Brick Making Soil :-

Various types of agricultural soil is used for making bricks. The
samples of soil from which the normal bricks are made were collected from
the locations of brick making sites in four villages of Thane District. In
these cases mixture of black cotton soil and vellow soil is used. Two types of
agricultural soil samples were collected from each sites: one sample of
black cotton soil and second of yellow soil. Similarly brick clay i.e. mixture
of above two soils and other additives like paddy foliage etc. was also
collected.

Details are as follows :-

| Village MNo. of Samples Collected
Agncultural Soil Brick Clay
Varai Pargaon 4 |
Gothivali 5 1
Chana 5 1
Taloja 3 I

4.24 FlyAsh:-

In the meantime, we felt that as like, mumicipal solid waste, fly ash s
also generated in huge quantity at all the thermal power station and its
disposal is a major problem. As like municipal solid waste, the fly ash 1s
also causing serious threat to the environment by polluting the water, air etc.
Number of experiments have been carried out to make bricks from the fly
ash by the compression and other methods, We have also decided to
experiment the use of fly ash along with MSW for making the bricks. To get
the more information on fly ash, we visited the Tata Thermal Power Station,
Trombay on 26.6.2004 and on 23.1.2005, Koradi Power Station, MSEB
MNagpur. The samples of fly ash collected are as follows.

F1:Flyash from Tata Thermal Power Station
F2: Fly ash from Reliance Thermal Power Station, Dahanu,
All samples collected were transported simultancously to the

laboratories for carrying out various analysis. The analysis were basically of
four types as under.

> Engineering properties
> Chemical/environmental properties
> Micro-biological analysis

042




> Preparation of Mix design

Analysis of Engineering properties were carried out in Soil
Mechanics Laboratory, Chemical and environmental properties at
Environmental Engineering Laboratory at V.ITI., Mumbai. Micro-

biological analyses at G.5. Medical College, K.E.M. Hospital, Parel,
hMumbai.

4.3 Engineering Properties :-
To ascertain various engineering properties of samples following
tests were carried out:-
> Sieve analysis
> Atterberg Limits
> Standard Proctor Compaction Test (SPCT)
> Airdry loose density
4.3.1 Engineering properties of 10 mm down size MSW Soil
Sample :-
The 10 mm down size MSW soil samples drawn from trial pit were

seived at dumping ground and then brought to VITI Laboratory for further

analysis. The details of engineering properties of 10 mm down size MSW
s0il 1s as follows :-

Sieve Analysis | Atterberg Limits| S.P.C.T.
, in % Lunse; m %
Trial | 10 | 475 | < | dry |[L.L.|PL.|SL.|odd. |ome.
Pit to to  |0.075 |density gmice | Yo

475 | 0.075 | mm |gmice |
mm | mm |

29.90 [ 66.20 | 3.90 | 0.674 | 43 | 262 (242 | 1618 15.8

32.50 | 63.78 | 3.72 | 0.434 | Non-Plastic .| 1.307 | 29.5
48,45 | 48.30 | 3.25 | 0.240 | Non-Plastic 1.168 | 32.0

2016 | 61.50 | 9.34 | 0382 | Non-Plastic 1277 J 26.0

24.65 | 71.75 | 3.60 | 0.436 | Non-Plastic 1.502 | 21.4

31.30 | 52.90 | 6.80 | 0.432 | 42 [31.25/19.23] 1.608 | 21.2
29.13 | 66.78 | 4.09 | 0.424 | Non-Plastic | 1.050 | 32.0
41.48 | 5228 | 6.24 | 0.304 | Non-Plastic | 1252 | 27.5
33.78 | 58.60 | 7.62 | 0255 | Non-Plasic | 1.250 | 26.0

L S T (EE N = T R R SN TR
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Sieve Analysis Atterberg Limits | S.PC.T.

in % — in %
Trial | 10 | 475 | < | dry |LL.|PL.|SL | 0dd |omec.
Pit to to [0.075 |density gmice | %
4.75 | 0.075 | mm | gmice
mm | mm
10 31.85 | 64.33 | 3.82 | 0.436 Non-Plastic 1.328. | 26.5
11 3335|6273 | 392 | 0.423 Non-Plastic 1217 | 316

12 [39.70 | 5350 | 6,80 | 0.357 | Non-Plastic 1.276 | 28.2
13 3240 | 63.00 | 460 | 0.563 | Non-Plastic 1.348 | 24.0
15 20055 | 7553 | 392 | 0.600 | Non-Plastic 1.489 | 22.0
16 [33.00 6193 | 507 (0486 | Non-Plastic 1.476 | 20.0
17 |21.73 | 7537 | 290 (0437 | Non-Plastic 1.352 | 24.0
18 [29.33 | 70.00 | 0.67 |0.551 Non-Plastic 1.300 | 26.3

| 19 2556 | 72,19 | 1.65 [ 0436 | Non-Plastic 1.556 | 19.0
| 20 24.52 | 74.67 | 0.82 | 0.48] MNon-Plastic 1.548 | 20.5
¥ L.L. - Liquid Limit, P.L. - Plastic Limit, 5.L.. - Shrinkage Limit,

o.d.d. - optimum dry density, o.m.c. - optimum moisture content.
S, PC.T. - Standard Proctor Compaction Test.
From above it indicates that :

> In MSW soil, the amount of finer material i.e. lessthan 0.075 mm
size is very less.
> The MSW soil is non-plastic material i.e. non-cohesive

in characteristics.
> The optimum dry density of MSW soil ranges between
1.005 gmice and 1.618 gm/cc.

4.3.2  Engineering Properties of agricultural soil sample :-

Conventionally, the bricks are made by use of agricultural soil
removed from the agricultural field. The brick clay is formed generally by
mixture of agricultural and wellow soil. The details of engineering
properties of agricultural soil sample collected from various brick making
sites is as follows :-



Location - Varai Pareaon Village
£ g

Sieve ,&,nal}rgis m % Att:‘:rht:rg Limits SECT
!Sumpit‘: 10t 47510 (<0075 | L.L.| PL.| S.L.| S.G. |odd. [om.c.
No. | 475 | 0.075 | mm % | % | % gmicc| %o

mm | mm [
I 34 24.6 720 |495(22.31117.0{2.542| 1.620| 21.5
2 48 | 41.0 | 542 - |NP| - [2479|1.678| 17.8
3 3.0 16.4 80.6 | 475 (24.48|16.0(2.547 | 1.630 | 21.7
4 (0.8 13.4 3.8 |48.0 (23.70|17.3(2.564| 1.650 | 21.7
3 1.6 5.2 90.2 | 48.0 |23.08| - |2.553| 1.656| 21.6
_______ Location - Gothivah Village B
Sieve Analysis in % | fktmrbﬂrg Limits S.PC.T.
Sample| 10to (475to{<0075| LL.| PL.|SL.| S.G. | 0.dd. |om.c.
No. | 475 [ 0075 | mm |% % | % gmice| %
mm | mm
| 1.3 | 14.12 | B4.54 [48.5 (22.70(17.9|2.553| 1.616 [21.60
2 1.28 17.02 | 81,70 |47.5|22.86|18.1 | 2.542| 1.700 |18.20
3 4.18 | 34834 | 6098 - N.P | - |2.469] 1.402 [23.00
4 388 | 1532 | 8080 - | NP | - |2.532]| 1.695 (17.00
5 TO98 | 21.68 | 7034 | 478 |22.84(17.2|2.546| 1.625 |19.25
f .66 14.50 | 83.34 | 495 |21.96(19.8|2.459| 1.390 (22.50
Location - Chana Village
Sieve Analysis in % | Atterberg Limits BPC.T.
sample| 10t0 4.75t0|<0075| LLL.| PL.| S.L.| 5.G. | o.dd. [o.m.c.
No. | 475 (0075 | mm |[% % | %o gmice| %
mm | mm .
1 8.0 40.8 | 51.29 | 44 |25.87|16.9| - 1.677| 19
2 108 | 67.8 | 21.40 | 45 2587|164 - - -
3 3.6 05 | 538.60 | 46 (2933|156 - 1604 | 24
4 4.0 202 | 7283 | 50 |2635/155| - - -
J 0.8 34.6 5060 | 45 (2585|164 - - -
6 | 82 | 344 | 5340 | 46 |2595/16.6| - S
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Location - Taloja, Ova. Village

Sieve Analysis in % | Atterberg Limits | S.PC.T
Sample| 10to [4.7510<0.075| L.L.| PL.|S.L.| 5.G, | 0.dd. |o.m.c
No. | 475 [ 0075 | mm | % % [ % gmicc| %
mm | mm ,
1 1.8 470 | 51.2 | 46 |24.60 I"} 2 - I J06 | 2000
2 8.0 364 536 | 49 |26.85 l'Er 3 - - -
3 11.0 42 4 | 46.6 46 (3190|169 - - -
4 &8 396 al.6 | 48 (2BO5) 163 - 1.652 | 155

L.L. - Liquid Limit, P.L. - Plastic Limit, S.L. - Shrinkage Limit,
o.d.d. - optimum dry density, o.m.c. - optimum moisture content,
5.0, - Specific Gravity, S, P.C.T. - Standard Proctor Compaction
Test. N.P. - Non Plastic
From above analysis of agricultural soil and MSW following observation

are made.
Village Varai | Gothivali | Chana | Taloja | MSW
Minimum % of Fine 54.2 60.98 21.40 | 466 | 2.80 _
Maximum % of fine 90.2 84.54 T2R3 | 536 (2792
Minimum % of Liquid Limit | 47.5 47 .50 44.00 | 46.0 | N.P
Maximum % of Liquid Limit | 49.5 49 5() 50.00 | 49.0 (43.00
Graph showing Minimum & Maximum % of fines & Liquid
Limit of Brick Making Material
B Minimum % of Fines T Minimum % of Liquid Limit
B Maximum % of fines O Maximum % of Liquid Limit

£

= 100

T 80

= !

g 60

of £

2 40 -

a 20 1

o Gothivali  Taloja Chana

- Villages Deonar
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From above tests, it is indicated that :

»

>

»

4.4

41-4]-1

In agricultural soil the amount of finer material i.e. less than 0.075
mmin size ranges between 2 1.4% and 90.2%,

The agricultural soil is a plastic material i.e. cohesive in
characteristic,

The optimum dry density of agricultural soil ranges between 1.4
gmiccand .70 gm/ce.

Chemical Properties :-

To ascertain various chemical properties of the samples following
tests were carried out.

1) pH value

ii) % T.O.C. (Total Organic Carbon)- i.e. loss onignition.
11i)  Soluble Chlorides

iv)  Soluble Sulphates

v)  Soluble Phosphates,

vi)  Soluble Na(Sodium),

vil) Soluble K (Potassium),

viil) % 510, (5ilica)

ix)  %%ALO,(Alumina)

x) % Fe. O, (Ferric Oxide)

xi) % Ca0 (Calcium Oxide)

Chemical analysis ol MSW ; -

10 mm down grain size MSW soil were used for chemical analysis and the
results are as follows :-

Trial | pH | Bulk |M.C.|Chlo-|Sulph- | Phosp- | Sod-| Pota- | T.O.C
Pit Den- rides | ates ates | um | ssium
sity % Yo Yo % % Vo
gm/ce
1 [7.7] 936 | 31 (014|052 | 098 [0.39| 0.63 | 7.5]
2 |77 583 | 36 018 | 038 | 052 | 053] 058 | 817
3 | 7.7] 459 | 24 {056 | 0.71 | 1.17 |034| 096 | 11.97
4 | 7.8] 565 | 29 [0.14 | 077 | 0.65 |0.75| 0.45 | 9.07
5 |78 600 | 28 |0.24 | 0.95 | 035 [040| 0.64 | 8.14
6 83| 759 | 40 |0.22| 030 | 049 |0.79| 0.80 | 822
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Chlo-

sulph-

Sod-

Trial | pH | Bulk | M.C. Phosp- Pota- | T.O.C
Pit Den- rides | ates ates | lum | ssium
sity % | % % | % | % | %
| gmice |
7 |77 742 | 28 |09 134 | 099 [0.77] 0.44 | 11.12
8 |80 442 | 25 |037| 044 | 1.18 |0.68| 0.71 | 1018
9 |79 406 | 22 [0.13| 120 | 1.41 |090] 041 | 1151
10 |76] 715 | 40 [022] 081 | 151 [0.77] 054 | 8.68
1 | 7.7] 609 | 36 [0.11] 081 | 095 |0.63] 054 | 9.14
12 |73 486 | 43 [023] 020 | 158 [0.69] 063 | 1033
13 | 78| 786 | 40 [0.14] 121 | 1.02 |090] 085 | 9.64
14 |7.8| 768 | 37 |024 | 0.01 | 3.80 |0.99] 075 | 947 |
15 |83 750 | 36 [0.89] 0,14 | 170 0.94] 072 | 932
16 |77 689 | 40 (018 117 | 130 [o71] 060 | 814
17 78] 653 | 39 [089 | 014 | 1.13 [074] 068 | 822
18 | 78] 830 | 42 022|081 | 077 [081] 053 | 829
19 [77] 662 | 29 |0.11 | 0.81 | 694 [069] 063 | 9.87
20 [7.6] 706 | 37 |09 ] 011 | 426 [099] 075 | 11.22

M.C. - Moisture Content, T.O.C. - Total Organic Carbon

The graphical presentation of various parameters as per locations of Trial

Pits 15 as follows :-
8.4

8.2 pH of MSW

8

0 5 Trial Pit 10 15 20
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18 T.0.C.in MSW
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The main component of any soil is Silica, Alumina, Ferric Oxide and

Calcium Oxide which were also analysed for MSW samples drawn from
Trial Pits and the results are as follows :-

Trial Pit | Silica % | Alumina % | Ferric Oxide % | Calcium Oxide %
1 29.02 11.16 11.02 10.65
2 25.12 11.21 10.22 14.30
3 23.06 6.78 12.29 14.86
4 21.36 6.07 12.93 12.62
5 27.40 7.34 10,70 10.65
6 27.68 13.25 11.34 9.25
7 26.98 6.01 11.02 10.93
8 2474 | 20.44 14.21 18.78
9 25.14 8.51 13.73 23.55
10 33.04 7.09 11.02 1178
BT 26.46 5.45 13.41 11.78
12 | 3312 8.44 10.22 11.22
13 | 2550 | 7.75 12.93 15.42
14 26.60 9.87 12.30 13.18
15 | 3240 | 821 | 137 11.65
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Tnal Pit | Silica % | Alumina % | Ferric Oxide % | Caleium Oxide %
16 28.08 6.22 .02 | 1178
17 27.40 11.45 12.29 12.62
18 25.72 13.66 11.98 14.86
19 25.24 11.99 13.73 11.22
20 29.20 10.73 13.41 11.7%

100
90  Silica in MSW
Eﬂ —_— L
70 -
=
c 60
m 50
o . | _ .
10
0 | | |
0 5 10 15 20
Trial Pit
ED I
45 -~ Alumina in MSW
a0 | |
3= 35 ,
£ 30 |
225
En
< 15
101
5 |
0 | | |
0 5 10 15 20
Trial Pit
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Similarly the undisturbed samples of MSW drawn from boreholes
were also analysed for it's chemical properties which is as follows :-

{ 10mm down MSW soil)

BH/ | Depth | pH |T.O.C, .C'h]u— Sulph- | Phos- | Sodi- | Pota-
UDS | in meter % | rides ates |phate | um [ssium

% % | % | % | %

/1 | oot |72 | - [ o007 [ o010 | - 3 L

12 | 2103 | 74 | - | o1l | 013 | - = :

' 13 | 3104 | 73 | 852 | 021 | 021 | - : ;

|' 14 | 4105 | 74 [950 | 012 | 021 | - | :

| 15 | Ste6 | 72 | - | 043 | 015 | :

053




Depth

BH/ pH |T.0.C.| Chlo- | Sulph- | Phos- | Sodi- | Pota-
UDS | in meter Yo | rides ates |phate | um |ssium
e %o %o % Yo
/6 | 607 | 72 266 | 022 | - -
7 | 708 | 7.3 165 | 0.14 :
I8 | 8t09 | 74 |11.67] 139 | 2.10 |0.00 | 1.68 | 1.68
19 | 910 | 7.2 | 990 | 333 | 014 [025 | 432 |2.16
10 | 10to11 | 7.2 1284 235 | 018 [033 | 3.84 | 3.04
21 | ool | 78 | - 012 [ 678 | - 5 :
22 | 1w2 [ 80 | - o006 | 020 | - : | s
23 | 2103 | 80 | - o051 | 053 | - = | s
24 | 3104 | 80 | - |003 | 062 | - =
275 | 4t05 | 78 | 698 | 012 | 556 |000 | 0.60 | 1.36
26 | Sto6 | 78 | - | 015 | 668 | - : =
27 | 6t07 | 7.7 | 642 | 018 | 499 [000 | 048 | 0.86
28 | Tw8 | 7.8 | - | 009 | 050 | - : .
29 | 8w09 | 7.7 | 700 ]| 012 | 513 [025 | 078 | 118
i | 0wl | - | - 2 - ; 2 || =
32 | 1102 |76 | - 006 | 001 | - 2 || =
33 | 2103 | 76 | - | 006 | 001 | - : E
34 | 3tod | 76 | - | 009 | 003 | - e
35 | 405 | 7.6 | - | 004 | 020 .
36 | Sto6 | 7.6 | 457 | 0.04 | 0.18 | 0.00 | 0.64 | 1.06
37 | 6107 | 75 | 502|002 | 021 | - - :
38 | 78 | 76 | 457 | 003 | 008 [015 | 0.62 | 096
3/9 fto9 7.6 - 0.07 0.12 = - -
310 | 9to10 | 7.7 |11.13] 1.51 | 012 |00 | 2.80 | 240
i || 78 | - [ 211 o3 | - = | =
a4 | 3104 |75 | - o026 | 033 | - & || =

| 054




RBH/ Depth ; pH |T.0.C.| Chlo- | Sulph- | Phos- | Sodi- ' Pota-
UDS | in meter % | rides ates | phate | um | ssium
| % % | % | % | %
45 | 405 | 7.6 [1363] 0.14 | 043 |020 | 094 | 1,52
46 | Sto6 | 76 | - | 019 | 039 : -
47 | 6107 | 76 | - | 015 | 027 | - -
48 | 708 | 76 | 660 | 020 | 063 |013 | 088 | 1.68
49 | 8w9 | 77 | - | 177 | 046 - -
L4110 | 9to10 | 7.7 1400 243 | 047 |00 | 544 | 256
51 | ow2 | 76 | - |007 | 028 | - - i
| 52 | 2t04 | 74 | 738 | 013 [ 018 | - - -
53 | 4106 | 7.5 | 780 | 0.11 | 023 026 | 0.36 | 0.59
54 | 6108 | 7.4 | 737 | 064 | 018 | 021 | 0.63 | 0.64
55 | 809 | 78 | 694 | 078 | 000 | - | - -
56 | 9tw10 | - |704 | - - 025 | 092 | 09

The main component of any soil is Silica, Alumina, Ferric Oxide and
Calcium Oxide. These components were analysed seperately for the
undisturbed samples of MSW drawn from bore holes and the observations
are as follows ;- {1 0mm down MSW soil)

BH/ Depth Silica Alumina Ferric Calcium
UDS in meter % % Oxide Oxide
Yo Yo

1/8 BtoY 40.70 9.58 13.89 4.26
1/9 Qto 10 30.10 10.30 15.81 5.89
1/10 10 to 11 44.74 11.01 15.49 9.81
2/5 4to5 32.90 7.65 14.53 12.34
217 Gbto7 33.50 7.03 12.93 9.81
2/9 8to 9 32.44 10.91 14.85 4,21
3’6 5tof 35.84 6.47 Liox? 8.41
3/8 Tto B 37.26 8.21 11.95 560

| 055




BH/ Depth Silica Alumina - Fermnc CEIEC;H] -
UDSs in meter Yo Yo Oxide Oxide
Yo Yo
3/10 91 10 40.65 11.06 14.21 10.65
/5 dto 5 32.68 ¥ 12.45 11.50
4/ Tton 33.14 8.87 15.65 13.74
410 | 91010 | 3780 | 1035 1581 6.73
53 | 4to6 | 3270 6.68 10.54 7.29
5/4 6 to 8 35.00 7.95 11.65 10.93
6 910 10 4400 10.35 15.17 3.61

In general, from these results it is noticed that average % of

Soluble Chloride in trial pits i1s ranging between 0.11 to 0,89 %;
whereas in bore holes it 1s (1.02 % to 3.33 %,

Soluble Sulphate in trial pits is ranging between 0.01% to 1.34 %
whereas in bore holes it1s 0.01 % to 6,78 %,

Soluble Phosphates in trial pits is ranging between 0.35% to
6.94 % whereas in bore holesitis 0.0% to0.33%

Soluble Sodium in trial pits is ranging between 0.34 % to 0.99 %;
whereas in bore holes itis 0.36% to5.44%

Soluble Potassium in trial pits is ranging between 0.34 % to 0.41 %
whereas in bore holes itis 0.59 % to 3.04 %

Silica (510,) in trial pits is ranging between 21.36 % to 33.12 %;
whereas in bore holes it is30.10% 0 44.74 %

Aluminium (ALCOL) in trial pits is ranging between 545 % to
20.44 %; whereas in bore holes it 156,47 %ato 11.06%

Ferric Oxide (Fe,0,) in trial pits is ranging between 10.22 % to
14.21 %; whereas in bore holes itis 10.54 %10 17.57 %

Calcium Oxide in trial pits is ranging between 9.25 % to 23.55 %
whereas in bore holes itis 4.26 % to 13.74 %

Sr.No. | Composition Average Values
| | TP 1te0 BH.1to5
1 pH 7.80 7.60
| 2 Soluble Chlorides 0.62 % 1.67 %
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Sr.No. Composition | Average Values
T.P. 1 to 20 BH.lto5
3 Soluble Sulphate 0.94 % 3.55%
4 Soluble Phosphates 5.37% (.16 %
5 Soluble Sodium (.90 % 3.05%
6 Soluble Pottasium 0.65% | 180%
T 510, - Silica 29,50 % 35.00 %
B ALO, - Aluminium 10.00 % 8.75%
9 | Fe0,- Ferric Oxide 12.00 % 14.00 %
100 | Ca0 - Caleium Oxide 13.00 % 7.50%

Similarly, to get collective imformation of chemical content of the 10 mm.
down size MSW soil available in dumping ground, samples drawn from T.P.
No. 12, 14, 15, 19 & 20 were mixed in equal proportion and analysed for
chemical composition and results are as below,

Chemical | Complex MSW
Si0, 20,00
ALO, 11,00
Fel, 13.00
CaQ 11.80

From above it can be concluded that, there is no much variation in
chemical composition of MSW soil at various locations in the Deonar
Dumping Ground,

4.4.2 Chemical analysis of Brick making soil : -

Silica, Alumina, Ferric oxide, Calcium Oxide are the main
ingredients of the soil. The chemical analysis results on Agriculture Soil &
Brick Clay (mixture of agricultural, yvellow soil, paddy foilage) 1s given

below.
Composition Si0, AlLO, Fe.,O, CaO
Agricultural Soil | 47.00% | 32.00% | 11.82% | 6.80 %
Brick Clay 36.00% | 2000% | 13.45% | 5.20%
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The comparative study of chemical analysis of Agricultural Soil &
Brick Clay reveals that,

» %810, is more in Agricultural Seil.

> % ALO, is more in Agricultural Soil.

re % Fe,0, isslightly less in Agricultural Soil.
- % Ca0is slightly more in Agricultural Soil.

4.4.3 Chemical analysis of Fly Ash :-
Chemical composition of these samples is as follows:-

ltems | Tata T.P.S. Trombay | Reliance Energy, T.P.S.
Fly Ash (F1}) Dahanu, Fly Ash (F2)
%o S10, 2446 38.95
z % ALO, 24,78 571
% Fe.0, 15.33 6.86
_':'fn Cal) 7.60 1.96

Comparative study of these fly ashes reveal that,
% 510, is more in fly ashF,
% ALO, is more in fly ashF,
% Fe 0, is more in fly ashF,
% CaO is more in fly ashF,

YVYYY

4.4.4 Comparison of Chemical composition
Table below gives the chemical composition :-

Material | TO.C. | Silica | Alumina | Femic | Calcium
% | % _ Yo | Oxide % | Oxide %
Agricultural 597 4684 | 32.07 11.82 6.73
Soil |
BrickClay | 820 | 3600 | 1996 13.45 5.19
FlyAsh1 | 038 | 2446 2478 | 1533 7.57
FlyAsh2 | 059 | 5895 571 | 686 1.96
MSW L1012 | 29.06 11l | 1262 11.78

| 058




Graphical Presentation of Chemical Composition
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Comparison of MSW 10 mm down soil with other samples indicate that
% 510, 15 less in MSW as compared to other soil sample except fly ash F1

% ALO, is less in MSW as compared to Agricultural Soil, Brick Clay and Fly
Ash F, but is more as compared to Fly Ash F, in MSW

% Fe.O, in MSW is almost similar to that of Agricultural Soil, Brick Clay
and Fly Ash F, but is more as compared to Fly Ash F.

%% Ca() ismore in MSW as compared to other soil samples.

From above graph it is clear that for making bricks from MSW soil
it 15 essential that MSW soil needs to be blended so that it's chemical
composition can be brought nearer to the chemical composition of brick
clay and agricultural soil. The gap between the chemical composition of
brick clay and agricultural soil is shown as shaded in the graph. From the
experience of actual brick making it is found that even if the chemical
composition of blending of MSW soil is not in the shaded portion still the
bricks can be made.

4.5 Mix Design :-
After completing the engineering and chemical analysis on individual
material separately a comparative study of results among the matenial is

carried out. As regards engineering properties it is found that MSW is non-
cohesive whereas brick clay and agricultural soil is a cohesive material,
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Similarly, the chemical composition of soil drawn from
decomposed MSW is not similar to that of brick clay / agricultural soil and
has number of deficiencies. Thereby, it would be impossible to make brick
exclusively by use of MSW, In fact, similar observations were made during
initial three experiments. We had also observed that, the mix of about 10%
of agricultural soil and soil from MSW gives good brick. That means, the
deficiencies observed in properties of soil from MSW gets patched up by
additions of agricultural soil. With this background, various mixes were
designed at engineering and chemical laboratory separately and analysed.

4.5.1  Engineering Properties of Mixes:-

The engineering properties of number of mixes prepared using
MSW soil, agricultural soil and fly ash (F1 / F2) were determined. MSW
soil collected from different trial pits were mixed and used. On these mixes
liguid and plastic limit and standard Proctor compaction test were carried
out. The details as permixes is as follows,

» Mix of 10mm down size MSW + Fly Ash (F1)

| i Sample | Mix by Weight | jq.iq| Standard Proctor
at the Yo Limit | ©ompaction Test

depth (MSW | FI %2 odd. |omc

ams/cc Yo

90 10 | NP | 1577 | 212

1 | 1+2 | Otod | 80 20 | NP | 1590 | 202
70 30 | NP. | L1644 | 176

9() 10 | NP | 1533 | 24.1

2 | 546 | 04 | 80 20 | NP | 1580 | 214
70 30 | NP | 1610 | 167

90 10 40 | 1345 | 300

3 |9+10| 0Ot0d | 80 20 | NP | 1406 | 264
70 | 30 | NB | 1437 | 234

90 10 19 1431 | 253
4 [13+15] Ot0d | g0 | 20 39 | 1588 | 180 |
70 30 42 1.556 | 20.5
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| Sr.No.| Trial Pit Sample | Mix h}; Weight | | jquig| Standard Proctor
at the o Limit | Compaction Test
depth ([MSW| Fl %0 odd |ome.
gms/ec Yo
90 10 | 42 | 1403 | 222
5 |19+20| Otod | RO 20 43 1463 | 232 |
70 | 30 | 43 | 1559 | 184 |

* N.P. - Non Plastic.
From above test results it is found that by the addition of fly ash F1 the
plasticity of mix enhances i.e. mix becomes cohesive. Similarly liquid limit
%o values rise upto 43%. The o.d.d. of soil ranges between 1.345 g/ce w0
|.644 g/cc which indicates that shape can be given to this mix,
Graph showing Liquid Limit of mix of MSW and Tata Fly Ash (F1)

-

% Liguid Limit
BB H&dsd

% Liquid Limit of MSW + F1

—m—lor T.P. 13+T.F. 15

& for TP 19+T.F 20 |

10

20

an

% of F1 added

From the graph it can be seen that minimum of 10% of Tata Fly Ash
needs to be added, however, further addition makes only marginal changes
in the hquid limit,

Mix of 10mm down size MSW + Fly ash (F.)

Sr.No. | Trial Pit | Mix by weight (%) | [ iauid
MSW | Fly Ash (F,)| Limit
90 10 N.P.
| 3+4 80 20 41.5
70 30 45.6

* N.P. - Non Plastic
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From above test reésults it indicates that by addition of fly ash
enhances the plasticity 1.e. cohesiveness of mix and hgud limit % values
rise upto 45.6%.

% Liquid Limit of MSW + F2
—m— for TP 3+TP.4 |
50
E 45 .
5 a0 e
2 35
= a0
S 25
% 10 20 a0
% of F2 added

From the above graph it can be seen that more than 10% of fly ash from
Dahanu Power Station needs to be added in mix to make it cohesive.
By addition of 20% the mix has 41.5% liquid limit, however, further
addition of fly ash makes only marginal of changes in the liquid limit.

- Mix of 10mm down MSW + Agricultural Soil + Fly Ash (F))

SR.| Traill |Sample| Mix by Weight % | Ligid | Standard Proctor

NO.| Pit at the _ Limit | Compaction Test
| rdcr:th MSW | Agri. | Fl “a odd |om.c.
1L I Soil gms/cc %o

80 10 10 | 41.0 1.586 | 18.00

70 10 20 | 33.5| 1.614 | 16.80

1| 1+2 | 0w4 |70 |20 | 10| 390| 1458 | 2440
70 | s | 25| NP | 1432 | 2000

70 |15 | 15 | NP | 1453 | 2330

80 10 10 | 38.0 1.493 | 21.20

70 10 20 | NP 1.572 | 21.50

2| 5+6 | 0tod | 70 20 10 | NP 1.523 | 19.00
70 5 | 25| NP | 1553 | 1849

70 | 15 | 15| 37.0| 1549 | 2320
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SE.

Trail | Sample

Mix by Weight % | Ligid | Standard Proctor

NO.  Pit at the Limit | Compaction Test
depth [ viow [ Apri [ FIL | % | o0dd |ome
mmtr. Soil gms/ce o
(80 [ 10 | 10| NP | 1398 |21.60
70 10 20 | N.P 1.385 | 25.80
3/9+10 | 0t0d |70 | 20 | 10 | NP | 1.628 |19.00
70 5 25 | NP 1.661 16.80
70 15 15 | 3.0 1600 1 &, Elﬂ_
80 10 10 | 37.0 1.557 | 21.80
70 10 20 | 400 1.586 | 20.60
4 |13+15| 0tod | 70 20 10 | 38.0 1.543 20080
70 3 25 | 450 1.605 19.5()
70 15 15 | N.P 1.638 17.40
a0 10 10 | 42.0 1.32] 29.60
70 10 20 | 395 1.404 | 2540
3 |IB+19 | O0tod | 70 20 10 | 36.0 1.359 | 28.50
t 70 | 5 | 25| 400 1548 | 18380
70 |15 | 15| 395 | 1453 | 2340

* NP - Non Plastic

% Liquid Limit

% Liquid Limit of MSW + Agricultural Soil + F1

—+— for TP. 1#TP. 2 —— for TP. 134TP 15 —— for T.P. 18+TP 19+ T.P. 20

4%

&

25

15
10+10

10+20

20+10 5+25 15+15

% of Agricultural Soil + F1 added
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From the test results it is found that the mix of MSW, agricultural soil
and Fly ash (F1) has liquid limit ranging from 33.50% to 43.00%. Similarly,
the o.d.d. ranges from 1.359 gm/cc to 1.638 gm/ce. [t indicates that the mix
has plasticity i.e. cohesiveness and it can take and maintain the shape given.

From the graph it can be seen that by addition of both agricultural soil and
Tata Fly Ash in MSW the mix becomes cohesive

- Mix of 10mm down MSW + Agricultural Soil + Fly ash (F2)

Sr.No|Trial Pit| MSW | Agri. |Fly Ash| Liquid | o.dd. | om.c.
(%) | Soil | (F2) | Limit | % %
| % % %
80 10 10 NP | 1.605 | 200
70 10 20 NP | 1597 | 186
1 | 3+4 | 70 | 20 10 NP | 1554 | 210
L0 5 25 428 | 1.561 | 194
- 70 15 15 NP | 1547 | 192

* N.P. - Non Plastic

From the above test results it is found that the mix of MSW,
agricultural soil and Fly ash (F2) has liquid limit ranging from N.P. to.
42.80% Similarly, the o.d.d. ranges from 1.547 gm/ce to 1.605 gm/ce. It
indicates that the mix has less plasticity i.e. cohesiveness and it can take and
maintain the shape given.

- Mix of 10mm down MSW + Agricultural Soil.

| Sr.No.| Trial Pit| Sample | Mix by Weight | ;0,;q| Standard Proctor
at the T Limit | Compaction Test
depth |MSW | Agri. Yo odd |om.c.

in mitr. Soil gEms/ce %
G0 10 46 1.574 159.0
l 1+2 | Otod &0 20 47 1.5395 19.0
70 30 41 1.592 20.0
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St.No.| Trial Pit| Sample Mix by Weight Liquid Standard Proctor
at the (Vo) Limit | Compaction Teal
depth |[MSW | Agri, %o odd |om.c

|l In mir. Soil Pms/cc %%
91 10 N.P 1.387 28.4
2 3+4 | Owod | 80 20 N.P 1.388 26.7
70 30 N.P 1.363 25.0
90 10 40 1.467 23.0
3 546 | Otod | B0 20 44 1.463 234
L I 70 30 44.5 1.519 21.8
20 10 N.P 1.414 234
4 9+10 | Otod | 80 20 N.P 1.414 242
70 ,}ﬂ NP 1.451 22.2
90 10 36 1.290 30.0
5 ]13+15) 0tod | 80 20 33 1.372 | 26.0
70 30 N.P 1.409 24.5
90 10 N.P 1.425 23.8
6 19+10| Otod | 80 20 | NP | 1458 | 21.8
| 70 30 N.P 1.502 21.1
*MN.P. - Non Plastic
% Liguid Limit of MSW + Agricultural Soil
-~ for TP1+T P2 & for TRS+TPE —— fmTR13+T.P.i!_§
50
T — — 1% T —
E £0 _‘_-.:—:.ﬁ_ — —
s |
= 35 _-.-_h_'_-_——‘—'—-c a o
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From the test results it is found that the mix of MSW and
agricultural soil has liquid limit ranging from 33% to 47%. Similarly, the
o0.d.d. ranges from 1.29 gm/ce to 1.595 gm/ce. It indicates that the mix has
plasticity i.e. cohesiveness and it can take and maintain the shape given.

From the graph, it can be seen that by addition of agricultural soil
the mix becomes cohesive.

S
Sr.No. Mix by weight {_“}'E;_j! Liguid

Agri. Soil | Fly Ash (F1)| Mt

90 10 N.P.

T k0 20 N.P.

70 30 29.2

Mix of Agricultural Soil + Fly ash (F1)

* N.P. - Non Plastic

From the above test results it is found that the mix of MSW and fly
ash from Tata Thermal Power Station has liquid limit ranging from non

plastic to 29.2%.

- Mix of Agricultural Soil + Fly Ash (F2)
SrNo. | Mix by weight (%) | Liquid
 Agri. Soil | Fly Ash (F2)| LMt
90 10 21.0
: 80 20 22.6
70 30 28,1

From the above test results it is found that the mix of Agricultural Soil
and Fly Ash(F2) has liquid limit ranging from 21% to 28.10%,

9% Liguid Limit

40
30
20
10

o

% Liquid Limit of Agricultural Soil + Fly Ash (F2)

g90+10

A0+20

70+30

% of Agricultural Soil + Fly Ash
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From above graph it can be seen that by addition of Dahanu fly ash in
agricultural soil, increases the plasticity,

4.5.2 Chemical Properties of Mixes :-

While analysing the mixes for chemical properties MSW sample
collected from Trial Pit number 12, 14, 15, 19, 20 is mixed in equal
proportion i.e. 20% each. Along with this MSW mix sample (complex mix),
the Fly Ash (F1) and Agricultural Soil is mixed in various proportion.

Number of mixes were analysed for chemical contents particularly
of Silica (510),), Alumina (Al1,0,), Ferric Oxide (Fe.03) and Calcium Oxide
(Ca0). The combinations tried are as follows :

Mix MSW | FlyAsh(F1) | Agri. Soil
1 75% 5% | 10%
I 75% 10% 15%
i 70% 20% 10%
v 80% 10% 10%

The chemical composition of above mixes is as follows :-

Descri Mix Mix Mix Mix
ption I | 11l IV
510, % 29.86 32.20 | 30.50 27.66
ALO, % 15.75 16.41 16.67 1323
Fe,0,% 12.77 12.14 13.09 13.09
Cao % 9.53 8.97 10.65 10,37

Graphical presentation of Silica, Alumina, Fermic Oxide and
Calcium Oxade content in individual substance and mixes is as follows :-
&0

50 % SILICA
an — —
an
20 =

10 — — — — —

n

Hugri. Brick Fly agh Fly Ash MSW  Mix 1 Mix2 Mx3 Mixd
Saoil Clay 1 2

—
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o similarly, mixes tried with the combination of MSW and
agricultural soil,

Description MSW + Agricultural Soil

85+15 | 80+20 | 75+25

'sio, 3.3 | 333 33.25

ALO, 11.3 14.1 13.90

Fe,0, 12.0 1.8 1224

Ca0 1.6 | 105 10,40

By these combinations the silica and alumina has increased
marginally, alumina has shown major increase; the ferric oxide did not show
much change and the calcium oxide did not reduced as compared to the
Agricultural Soil and Brick Clay. Similarly, with these mixes the alumina
and silica were still lesser than agriculture soil whereas ferric oxide and
calcium oxide was more.

It is noted that neither 10mm down MSW, F1, F2 alone , nor any
combination is falling in the range of values for best mix.

Efforts were made to analyse for its chemical content along with its
proportion. Similarly in an Engineering analysis, efforts have been made to
analyse the sample in comparison with agricultural soil to find suitability of
mixes for making bricks.

453  ldeal Mix :-

From the engineering and chemical analysis of individual material
and the mixes it 18 clear that the brick can be made from the blending of
MSW soil and either agricultural soil or fly ash. It is very essential to
identify the mixes which will provide the bricks satisfying the prescribed
standards. In view of this the outcome is plotted and compared with the
brick clay and agricultural soil, particularly for the content of silica,
alumina, ferric oxide and calcium oxide. The Ideal Mix needs to have
engineering and chemical properties similar to that of brick clay and
agricultural soil, however it is found that none of the mix could give the
value similar to agricultural soil and brick clay. It is to mention that the
bricks are generally manufactured from the soil which has chemical content
between the agricultural soil and brick clay, which is shown by shaded lines
in graph. During the laboratory analysis many of the mixes designed has
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shown the content of silica and alumina is less, where as ferric oxide 1s
closer and calcium oxide is more as compared to the brick clay and
agricultural soil that 1s shown in shaded portion.

Graph showing Chemical Contents in various mixes of MSW soil
with agricultural soil
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Graph showing Chemical Contents in various mixes of MSW soil with
fly ash F1 and agricultural soil
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4.6 Microbiological Analysis (by Dr. M. G, Karmarkar G.3. Medical
Collage, K.E.M. Hospital, Parel, Mumbai):-
A need for microbiological investigations was felt to know the presence of
pathogens present in MSW and the risk factors of developing various
infection to the labour staff handling MSW. Since such a study was not done
in the past, it was decided to undertake the present study which would help
in adopting appropriate measures for preventing spread of infections
through MSW, The need for this study appeared to be doubled when it was
learnt that 30-35% labour staff working in MSW disposal activity, die
before retirement. There are several pathogenic microbes which include
bacteria, viruses, fungi, parasites, etc. which can cause nfections.
The common modes of transmission of these microbes could be either by
ingestion, inhalation, or through skin. The MSW may contain wastes from
hospital. hotel industry, household and other waste from industry. Hence,
there is a possibility of presence of highly infectious agents in MSW.

Facility for the detection of viruses is not available, hence, in the
present study, it was decided to detect pathogenic microorganisms from
bacteria, fungi and parasites.

Amongst bacterial infections typhoid, paratyphoid, cholera,
diarrhea, dysentery and phylogenic infections caused by both gram negative
and gram positive bacteria were the most commonly seen infections.
Incidence of tuberculosis is also alarming in these people, especially in
immune compromised persons. The predisposing factors for all these
infections are illiteracy, poverty, and hygienic conditions dietary
deficiencies, etc., apart from these we also have fungi causing superficial
and systemic infections, The third important category of microorganisms
includes parasites, which may get transmitted to human beings by factorial
route and through skin (few human infections are identified as Zoometric
infections which are transmitted by animals or insects).

4.6.1 Comparative study of Microbiological properties:-

Although MSW is expected to be a reservoir of all the pathogens,
the decomposed MSW did not show presence of highly virulent pathogens,
which are capable of causing serious infections.

The factors which might have affected the survival of the
pathogens in decomposed MSW appear to be; status and age of solid waste,
humidity, temperature, PH and availability of oxygen.
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The microbiology of soil used for brick preparation and MSW used
for the same did not show any significant change in microbial flora as well
as the number of bacteria.

Hence, although there is some risk in handling MSW used for brick
preparation, it is essential to use barrier precautions for prevention of
infections. The stafl’ engaged in brick preparation needs training for
preventive measures to be used to minimize the chances of infections.

The workers who had undergone health check up at KEM Hospital

were found to have Anchylostoma duodenelae (hookworm) and
Strongyloides stercoralis infection.

Therefore, it is suggested that the workers need to undergo a
periodic health check ups.

The proposed study was planned with following aims and
activities.

Detection of pathogens (bacteria, mycobacterium, fungi and

parasites) from

¥ Soil used for brick preparation.

# Decomposed MSW collected from Deonar Dumping ground
also used for preparation of bricks.

» Comparative microbiological evaluation of soil with

decomposed MSW,

Detection of above mentioned pathogens from liechate

samples.

# Screening of the staff handling MSW for brick makingtor
various microbiological infections.

# Preparation of guidelines for prevention of these infections.

4.6.2 MATERIALANDMETHODS :-

For this study, 105 soil samples were collected from Deonar
Dumping Ground and nearly villages where brick making is carried out
(bhattis) 5 gm. of each soil sample was collected in sterile test tubes and
brought to the laboratory as early as possible (immediate transportation).
Soil samples were collected from the surface layers of the land where as
decomposed MSW was collected from various pits dug at depths of 1,2, 3
and 4 meters.

Processing of collected materal for microbiological analysis.
Bacteriological analysis : 2 gms. Of each soil sample was suspended in 5 cec
of sterile saline and the samples were plated out on the following special
media for detection of pathogens.
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MEDILM PATHOGEN

MacConkey's Agar Entero pathogenic bacteria
 Wilson and Blairs medium | Salmonella
TCBS Vibria cholera
_' Mannitol Salt Agar Staphylococcus aurous
| Sabouraud's Slants | Fungi

With the help of nichrome wire loop, each sample was plated in
duplicate on all the above-mentioned media. The plates were incubated at
37°C for 24 to 48 hours for allowing the growth of the pathogens. The results
were recorded al the end of the incubation period. The organisms, which
grew, were identified using biochemical tests.

Similarly, the suspended samples were cultured on Sabouraud's
agar and L.J. Slants. For detection of tungi the Sabouraud's agar slants were
incubated at 37°C.; and room temperature in duplicate set. for 3 to 7 days.
The L.J. slants used for the detection for mycobacterium were incubated at
37'C for 3to 4 weeks. Allresults were recorded.

For detection of parasites, the NaCl concentration technique was
used, followed by microscopy for detection of parasites.

4.6.3 OBSERVATIONS & FINDINGS :-

- Although MSW is expected to be a reservoir of all the pathogens,
the decomposed MSW did not show presence of highly virulent
pathogens, which are capable of causing serious infections.

> The factors which might have affected the survival of the pathogens
in decomposed MSW appear to be; status and age of solid waste,
humidity, temperature. pH and availability of oxygen.

e The microbiology of soil used for brick preparation and MSW used
tor the same did not show any significant change in microbial flora
as well as the number of bacteria.

- Hence, although there is some risk in handling MSW used for brick
preparation, it is essential to use barrier precautions for prevention
ofinfections. The staff engaged in brick preparation needs training
for preventive measures to be uwsed to minimize the chances of
infections.

- The workers who had undergone health check up at KEM Hospital
were found to have Anchylostoma duodenelae (hookworm) and
Strongyloides stercoralis infection.

| 073

































































































































































































































































































































































































