3.1 Collection of raw Garbage (MSW)

To develop the segregation methodology, about 200 tons of raw garbage (Municipal
Solid Waste) was collected from Ghazipur landfill, East Delhi. This was collected
from three pre-identified locations according to its age, based on the height of the
dump and as per available data with EDMC. However as the samples were collected
from the slope of the MSW, this cannot be authenticated about the exact age of the
MSW collected.

The biodegradability of MSW depends on the time of dumping and it would affect its
physical, chemical and geotechnical properties. Approximately 70 tons of garbage
was collected from each of these three locations of different ages (1) 5 years old (2)
10 years old and (3) 15 years old. The approximate locations on a Google map is
shown in Fig 2.

Fig 2. Collection of MSW of different age- Locations on a google image

3.2 Segregation and composition analysis

Segregation and composition analysis of MSW samples were carried out to know the
proportion of different size of heterogeneous materials and its composition. The
analysis would help to arrive at suitable material to be used for embankment
construction. The R&D study was carried out at IL & FS Compost plant, Okhla, New
Delhi.



3.2.1 Segregation

The study on the segregation of raw garbage was carried out at an already existing
compost plant at Okhla, New Delhi. The trommel/sieve sizes used in the composting
process were also adopted for segregation of raw garbage (MSW). The garbage
collected from different locations was first dried in the compost plant (Fig.3) before
the process of segregation. The compost plant has different trommels/sieves which
has the option to segregate the garbage in different sizes as, Retained on 80mm,
Passing 80mm , Passing and Retained on 35mm, Passing and Retained on 16mm,
Passing and Retained on 4mm. To develop the segregation methodology, raw
garbage was segregated in different trommel/sieve sizes starting from 80 mm to
passing 4mm. The samples segregated in different sieves would give an insight
regarding the possible selection of material for embankment construction. The
method of segregation adopted in the compost plant has been discussed below.

a) The dried MSW is first fed into 80 mm trommel through a conveyor belt. The
papers, plastics, cloths and other constituents remained on the 80mm sieve were
removed by an air blower provided in the plant set-up. The high pressure blower
removes all the large size papers, plastics, clothes as shown in (Fig.4). The
heaver larger size C&D aggregates including large size brick bats are retained on
80mm sieve. However, these materials can also be removed manually as shown
in Fig. 5.

Fig.3 Drying of garbage in compost plant



b)

d)

Fig.5:- Removal of Brick bats, C&D waste from the conveyor

The material passing 80 mm sieve (Fig.6) was then fed into 35mm size
trommel/seive, where the MSW will get further segregated into materials
retained on 35 mm and material passing 35 mm (Fig.7). In this process, there

would be more removal of plastics, paper, clothes, etc.

The MSW passing 35 mm trommel/sieve size, further passes through a
conveyor into a 16mm trommel/sieve, which further segregates the materials
into two parts viz. Retained on 16 mm and Passing 16mm (Fig.8).

The MSW passing 16 mm is then allowed to pass through a 4 mm
trommel/sieve, which further segregates the MSW into retained on 4 mm and
passing 4 mm ( Fig.9).



Fig.8 Fraction passing 16 mm sieve. Fig.9 Fraction passing 4 mm sieve.

During the segregation study, the percent weight retained and passing different
trommel/sieve sizes was calculated separately. These values were estimated by
collecting different fractions using mini trucks and weighing them appropriately in the
plant. (Fig.10 and Fig. 11(a,b)).

The percentage of different fractions after segregation is summarized in Tablel.



Fig.11:- Collection of MSW passing 16mm

Table 1:- Percentage of different fractions after segregation of raw garbage

Age of % Passing | % Retained | % Passing | % Retained | % Passing
MSW 80mm on 35mm + 16mm on 4mm 4mm sieve
sieve % Retained sieve sieve
16mm
sieve
5yrs 79 32 47 18 29
10 yrs 65 21 44 17 27
15 yrs 68 20 48 14 34




It is observed that, in all the three types of MSW of different ages, that

(a) About 65-79% of the material passes through 80 mm sieve with substantial

amount of plastics, paper & cloths and

(b) About 44-48% of the MSW passes through 16mm sieve with minimum

plastics.

(c) Substantial amount of useful aggregates were observed to be retained on

35mm and 16mm Trommel/Sieves.
3.2.2 Composition analysis

Composition analysis of different fraction was carried out to know the amount of
different constituents viz. soil, plastics, metals, textiles, papers etc in the
heterogeneous mix. This would help to identify a particular fraction for use in the

embankment construction.

About 30-40kg of MSW passing through 80mm, 35mm, 16mm, 4mm seives were
collected randomly during segregation process and were dried before composition

analysis. Different constituents were separated manually and weighed (Fig 12).

Fig.12 Manual Separation of MSW passing 80mm
This process was repeated for MSW of different ages. The results of the composition
analysis for different fractions are shown in Fig 13 — Fig 17. Some of the conclusions

drawn from composition analysis are given below;
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MSW, 05 Years Old MSW, 10 Years Old MSW, 15 Years Old
2%1%1% 39%2%1% 1% 3%2%

Fig 13:- Results of composition analysis of MSW retained on 80mm

MSW, 05 Years Old MSW, 10 Years Old MSW, 15 Years Old
1%1%1% 2%1%1% 1%1% 2% 1%

Fig 14:- Results of composition analysis of MSW passing 80mm
mSoil mPlastic mTextiles mMetals mWood m Paper m Rubber m Glass & Others
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MSW, 05 Years Old MSW, 10 Years Old MSW, 1S Years Old

3%1%1% 1%1% 1%1% 4%1%1%
5%
94%

Fig.15 Results of composition analysis of MSW passing 35 mm sieve

MSW. 05 Years Old MSW, 10 Years Old MSW, 15 Years Old
2:/0 1%1% 1% 2%1%1% 2%

.

Fig.16 Results of composition analysis of MSW passing 16 mm sieve

mSoil mPlastic mTextiles mMetals mWood m Paper w Rubber m Glass & Others
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MSW, 03 Years Old MSW, 10 Years Old MSW, 15 Years Old

Fig 17:- Results of composition analysis of MSW passing 4mm

mSoil mPlastic mTextiles mMetals mWood m Paper m Rubber m Glass & Others
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Some of the conclusions drawn from composition analysis are given below:

a) The percentage of soil content increases as the raw MSW is successively
segregated through 80 mm, 35mm, 16mm, and 4mm. The soil content which
was about 50% retained on 80mm sieve increases to 100% when it was

passed through 4mm sieve.

b) Other than soil, plastics and textiles were observed to be major constituents in

different segregated MSW

c) The percentage content of metals, wood, paper, rubber, glass is observed to

be less than 1% in different segregated MSW.

d) It is concluded that there is no variation in soil content or other constituents
with the age of the MSW.

The variation of plastics and other constituents in MSW of different ages with
sieve size is shown in Fig-18. It is observed that the amount of plastics and other
constituents sharply reduces when it is passed through 80mm sieve (50% to
15%). With the successive sieving, this amount reduces and becomes negligible

when it is passed through 4mm sieve.

60
ESyrold =10yrold ®15yrold
50
40
30

20

10

% of plastics and other constituents

(+80mm) (-80mm) (-35mm) (-16mm) (<4mm)
Sieve size
Fig 18:- Variation of plastics and other constituents with Trommel size
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3.3 SUITABILITY OF SEGREGATED MSW FOR EMBANKMENT CONSTRUCTION

The fraction passing 80mm, 35mm, 16mm & 4mm sieve were visually observed for a
typical MSW with 10 years age. These fractions were geotechnically characterized
before arriving at conclusions regarding their feasibility for embankment construction.
Fractions retained on 35mm,16mm were also studied. Details of the study is given in

subsequent sections.
3.3.1 Fractions passing 80mm, 35mm, 16mm and 4mm
The fraction passing/retained on 80mm sieve are found to have different ingredient:-

(a) C&D wastes which is considered to be a good material for embankment
construction. However in these fractions, substantial amount of plastics,
textiles, papers are also present, which may create compaction problems
during construction in the field. Hence this fraction cannot be used directly

without segregation in embankment construction.

(b) To identify/select a particular fraction among the remaining fraction (passing
35mm, passing 16mm, passing 4mm sieve), their preliminary geotechnical
characteristics were studied by carrying out specific gravity tests, plasticity
and Modified Proctor compaction tests. The results are summarised in Table
2. The compaction characteristics of different fractions are shown in the
Fig19.

Table 2 : Preliminary geotechnical characteristics of segregated MSW.

Property Passing Passing Passing
35mm 16mm 4mm
Specific gravity 1.84 1.80 1.93
Plasticity characteristics NP NP NP
Maximum Dry Density 15.7 15.7 16.0
(MDD), KN/m?®
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Dry Density, kN/m?3

b)

d)

17.0

¢ Passing4 mm
® passing 16 mm
16.0 | . A passing 35 mm
{ ] (J
15.0
14.0
13.0
0 5 10 15 20 25 30

Moisture Content, %

Fig 19:- Compaction curves for segregated MSW (5 Years)

Important conclusions drawn are given below:-

There is no substantial difference in the Maximum Dry Density (MDD) of
materials of different fractions (15.7 to 16 KN/m®). Also, as the sieve size
reduces, there is a reduction in the amount of plastics and coarse aggregates
as discussed earlier in Fig.18.. The balancing proportion between them may
be the reason for insignificant change in the MDD. The optimum moisture

content varied in the range 14 to 17%.

In general, as the sieve size reduces, the specific gravity of the fraction

increases.

The fraction passing 35mm sieve also has substantial amount of plastics,
textiles and papers and was considered unsuitable for embankment

construction.

The fraction passing 16mm sieve shows a minimal amount of plastics.
Considering its higher quantity in MSW (44-48%) and its MDD satisfying the
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MORTH specification, this fraction can be directly used for embankment

construction.

3.3.2 Fractions retained on 35mm & 16mm

As per MORTH specifications, the soil less than 75mm can be used for embankment
construction. It is observed from Table 1 that about 65-79% of MSW is passing
through 80 mm sieve which needs to be effectively used for embankment
construction. But the presence of considerable amount of plastics and textiles make
it impractical for embankment construction. If these unsuitable materials are
removed during segregation, the fraction passing 80 mm fraction can also be used
directly in embankment. This would help in the bulk utilization of MSW in road

construction.

In the segregation plant, the fraction passing 80mm passes through 35mm and
16mm sieves during the process of segregation. As discussed in Section 3, it has
already been concluded that MSW passing 16mm sieve can be directly used for
embankment construction. But It is observed that MSW retained on 35mm and
16mm sieve has good amount of C&D wastes/aggregates (20-32%) which needs to
be effectively utilised for embankment construction. However, it has substantial
amount of plastics, textiles and papers. If these unwanted removed by adopting
some methodology in the plant, it can be effectively used in embankment

construction.

To investigate the possibility of using MSW retained on 35mm and 16mm, a
laboratory experiment was carried out. Two bags of MSW passing 80mm was dried
in the open air (Fig.20). The dried material was then passed through 37.5mm sieve.
The material retained on 37.5mm is collected in a tray. It was observed that this
segregated material has aggregates with substantial amount of plastics. To remove
the plastics, papers, textiles and other light material, an experimental setup
simulating the fall of the material from the conveyor in the actual plant, was

developed in the laboratory (Fig 21).
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For simulating the high pressure blower, a table fan was placed. As the material is
slowly allowed to fall, with the table fan in the running position, all the plastics,
papers and other light weight material fell far away, while the heavier aggregates and
other materials get collected right below .

B el TR R
Fig.21:- Experimental setup for segregation of
fractions retained on 37.5mm and 16mm

Fig.20:- Fraction passing 80 mm

The material passing 37.5mm is then further passed through 16mm sieve. The MSW
retained on 16mm is again separated from plastics, papers, textiles etc by air
blowing as discussed above. Like earlier, The aggregates and other heavier material
falls right below. The view of materials retained on 37.5mm and 16mm sieve before

and after air blowing is shown in Fig. 22 (a,b) and Fig. 23 (a,b) respectively.

Material passing 16mm sieve is then mixed with material retained on 37.5mm and
16mm after airblowing which forms the final material for use in embankment
construction (Fig 24).This is nothing but the material passing 80 mm sieve with
removal of plastics, papers, textiles etc. The proposed methodology for segregation
of the raw MSW before its use in embankment construction is shown in Fig.25.

17



Fig.22 (a) Fraction retained on 37.5mm  Fig.22 (b) Fraction retained on 37.5mm
sieve before air blowing sieve after air blowing

. i ] Fig.23 (b) Fraction retained on 16mm
Fig.23 (a) Fraction retained on 16mm sieve after air blowing

sieve before air blowing

Fig 24:-view of final material selected for embankment construction.
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Fig .25:- Proposed methodology for segregation




4.0 PHYSICAL AND CHEMICAL CHARACTERISATION OF MSW

Physical and chemical characteristics of municipal solid waste are very important to

know that the presence of different toxic metals and their possibility of polluting the

underground water resources. About 500 gm of dry MSW passing 425 micron was

dried and

investigated for both physical and chemical characteristics by standard

procedure in an NBA accredited laboratory. The results have been summerized in

Tables 3, 4, 5.

Table 3. Physical and chemical characteristics of Municipal Solid Waste

Parameters Units A B C Test Methods
pH - 7.4 7.6 7.6 IS : 2720 (Part-26)
. 1S:2720(pt-2)
Moisture content % 1.3 0.8 1.1 1973
Total nitrogen ( N) mg/kg 92.4 60.74 59.89 1S:14684 : 1999
Phosphorous ( P) mg/kg 36.96 28 20.7 IS: 10158- 1982
Nitrate ( NO3) mg/kg 10 <5.0 10.3 ICARDA
Nitrogen mg/kg 92.4 60.74 59.89 IS : 14684 -1999
Electrical APHA 22nd. Ed.
Conductivity psfem 3017 1720 1935 2012, 2510
Sulphur mglkg 5143 3001.2 34953 | AR ms"z‘)’i‘lua' for
Nitrite ( NO,-N) ma/kg <5.0 9 0 | APHA 45800 NO2-
C:N ratio mglkg 13.584 279:01:00 |317:01:00| BYconversion
method
Total Inorganic APHA 22nd EDN
Content % 87 90.1 92.1 201259108
. Lab Sop No-
Chloride (CI) mg/kg 2563 1590 1843 24(Section- 18)
Sulphate (SO) ma/kg 15430 9003.7 10485 | 'ARIMarualfor
APHA 22nd
Calcium (Ca) mg/kg 2718 1172.4 1225.5 Edn.2012(3120.
B)

. USEPA
Magnesium (Mg) mg/kg 1020 890 868 3050B/3051/3052
Organic Matter % 517 2.93 33 IS 2732)(%” -
Cation Exchange IS:2720(pt-24) -

Capacity meq/100gm 40.41 31.5 44.59 1976
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Table 4: Heavy metals content in the leachate of MSW

Heavy Metals A (mg/l) | B(mg/l) | C(mg/l) | Regulatory | Test Methods
Limit (mg/l)
Antimony & <0.03 <0.03 <0.03 15 USEPA:1311/30
antimony 50/3052
compounds
Arsenic & arsenic <0.03 <0.03 <0.03 5 USEPA:1311/30
compounds 50/3052
Cadmium & <0.1 <0.1 <0.1 1 USEPA:1311/30
cadmium 50/3052
compounds
Mercury & mercury <0.1 <0.01 <0.01 0.2 USEPA:1311/30
compounds 50/3052
Selenium & <0.03 <0.03 <0.03 1 USEPA:1311/30
selenium 50/3052
compounds
Total chromium <0.1 <0.014 0.032 5 USEPA:1311/30
compounds 50/3052
Cobalt compounds <0.1 <0.1 <0.1 80 USEPA:1311/30
50/3052
Copper compounds 0.58 0.59 1.02 25 USEPA:1311/30
50/3052
Lead & lead <0.1 <<0.1 <0.1 5 USEPA:1311/30
compounds 50/3052
Molybdenum <0.1 <0.1 <<0.1 350 USEPA:1311/30
compounds 50/3052
Nickel compounds 0.13 0.23 0.33 20 USEPA:1311/30
50/3052

Regulatory limits as per HSW Rules 2016
Source: G.S.R 395 (E)[04-04-2016] : Hazardous and Other Wastes (Management

and Transboundary Movement) Rules, 2016
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Table 5 Heavy metal content in the solid mass of MSW

Heavy Metals A B C Regulatory Test
(mg/kg) | (mg/kg) | (mg/kg) Limit Methods
(mg/kg)
ey | <o | a0 | a0 | w | eenn
s | o | a0 | a0 | m |V
ST | o | a0 | a0 | s |Ugonty
NS seenn | a0 | <o | a0 | w |Uemdy
Cobalt compounds <2.0 <2.0 <2.0 5000 Ugggﬁéﬁlzﬂ
Copper compounds 116 116 20 5000 Ug(I)ESF(’)%%)?élZl/
Lead & lead compounds <20 <20 <20 5000 USS)CI)E5F;7\3%)?5>121/
Molybdenum compounds <20 <20 <20 5000 Ug(l)i;;%%?;lzll
Nickel compounds 2 4 6 5000 U§§5Fz)¢3%)35’121/

Regulatory limits as per HSW Rules 2016
Source: G.S.R 395 (E)[04-04-2016] : Hazardous and Other Wastes (Management
and Transboundary Movement) Rules, 2016

It was observed that the value of pH is in the range of 7.4 to 7.6 for three different

age samples. This indicates that MSW sample is slightly acidic in nature. Based on

the leachate result, it can be concluded that MSW is non hazardous material as

concentration of heavy metals is within the permissible limit.
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5.0 GEOTECHNICAL CHARACTERISATION

Based on the segregation methodology proposed, three samples of MSW passing
80 mm of different ages are prepared in the laboratory. These materials were
investigated for their geotechnical characteristics viz.grain size analysis, plasticity
characteristics, compaction characteristics, shear strength, consolidation and
permeability characteristics. The results of different geotechnical characteristics are

discussed below;

5.1 Grain size analysis: Dry sieve analysis and hydrometer analysis were carried
out as per IS: 2720 (Part 4) — 1985 to determine the variation in grain size
characteristics. Different grain sizes present in MSW of different ages are given in
Table 6.

Table 6. Results of grain size analysis

Grain Size 5Years | 10 Years | 15 Years
Gravel (%) 39 38 31
Sand (%) 32.5 30 37
Silt (%) 24 27 27
Clay (%) 4.5 5 5

It is observed that the mix consists of about 70% of gravel and sand mix size with
clay constituents of about 5%. The grain size distribution curves for MSW of different
ages are shown in the Fig 26. The shape of different curves follows the same pattern
as it is artificially prepared mix as per methodology shown in Fig.25. The MSW is
concluded to be a coarse grained material with about 70% of its particles retained on
75 micron IS sieve. The MSW can be classified as GM, i.e. silty gravel which

indicates its suitability for embankment construction.
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Fig. 26:- Grain size distribution curves of MSW samples

5.2 Atterberg limit test: The plasticity characteristics of different samples of MSW
were determined as per IS: 2720 (Part 5) — 1985. The results indicated that it is non-
plastic in nature. However, the liquid limit of different samples ranged between 32-
34% indicating its medium plasticity characteristics, may be because of absorption of

water by organic humus content present in the MSW.

5.3 Free Swell Index Test: Free swell index test was carried out as per 1S:2720-Part
40. The swelling Index values ranged between 12-24% (Table 7). The values

indicate that the MSW in general, is a low swelling material.

Table 7. Results of Free Swelling index test

SI.No. 5 Years 10 Years 15 Years
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5.4 Proctor Modified compaction test. Compaction characteristics of different
samples were studied by carrying out Modified Proctor compaction tests as per IS:
2720 (Part 8) -1983. The variation of Maximum Dry Density (MDD) with Moisture

content is shown in the Fig. 27.

The compaction curves are found to be flat indicating that dry density does not vary
much with the variation in moisture content. The MDD varied in the range 16 — 16.7
kN/m* and OMC in the range between 14 to 17%.The material could be used for
more than 3m height embankment as per MORTH specifications, however stability

analysis considering prevailing site conditions needs to be carried out before

construction.
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Fig. 27:-Compaction curves for different MSW samples

5.5 Direct shear test . Shear strength characteristics of different samples of MSW
were studied as per as per IS: 2720 (Part 13)-1986. The test was carried out on
compacted sample of size 6 cm x 6 cm x 2.5 cm at different normal stresses. The
sample was compacted at its Optimum Moisture Content (OMC) to Maximum Dry
Density (MDD). The sample was tested under the saturated condition. The normal
stress varied in the range of 50 to 150 kN/m?. The sample was then sheared at the

rate of 0.625 mm/min. The variation of shear stress with shear displacement and
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shear parameters evaluated for MSW sample (10 years old) is shown in Fig. 28 and
29 respectively. The volumetric behaviour as shown in Figure 30 which shows
compression and dilation behaviour similar to conventional soil. The results of Direct

Shear Test of MSW have been summarised in the Table 8.
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Fig. 28:- Shear stress-displacement curves for Municipal Solid Waste
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Fig.29:- Shear parameters of Municipal Solid Waste
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Fig. 30:- Volumetric behaviour of Municipal Solid Waste

Table 8:- Results of Direct shear test for different samples of MSW

Sl.No. 5 Years 10 Years 15 Years
ckN/m* | @° c o’ c o’
kN/m? kN/m?
1 20 35 25 28 10 38
2 Shear displacement @failure= 2.5mm-3.5mm

5.6 Consolidation Test: Consolidation test was carried out as per 1S:2720-Part 15.
in an Oedometer for a specimen of 60 mm diameter and 20 mm thickness under
double drainage conditions. Remoulded samples of MSW (passing 4.75 mm sieve)
was prepared at Maximum Dry Density and OMC. Samples were saturated for 24
hours at an initial seating stress of 0.025 kN/m?. Seating load was maintained for 24
hours. The specimen was then consolidated under initial stress of 5 kN/m? and
settlement dial gauge reading was recorded at 0, 0.25, 1, 2.25, 4, 6.25, 9, 16, 25, 36,
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49, 64, 81, 100, 121, 144, 169, 196, 225, 256, 289, 324, 361, 400, 500, 600, and
1440 minutes or until equilibrium is reached. The procedure was repeated for
different normal stress viz. 9.8, 19.6, 39.2, 79, 157, 314, and 628 kN/m? and for each
normal stress time settlement reading was recorded up to 24 hours. Fig 31 indicates

e-log p curve as determined for MSW (10 Years).

0.90
C.=0.16

. \\
0.70 \

0.60 —_— —_—
10 100 1000

Void ratio, e

p, kN/m?

Fig. 31 e —log p curve for Municipal Solid Waste

The value of coefficient of compression index is estimated as 0.16. The value
indicates that MSW material is a low to medium compressible soil. Fig.32 shows
compression of MSW with time at different normal stresses. The average value of
coefficient of consolidation in the stress range 79-628 kN/m? is estimated as 4.14 X

10 m%sec which is similar to that of conventional silty soils.
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Fig 32. Compression-time curves for MSW

Table.9 Results of consolidation test for different samples of MSW

i ——79-157 kN/sq.m
—==157-314 kN/sgq.m _ ]
[ ——314-628 kN/sq.m
0 10 20 40
SQRT, t,mins

SI.No. 5 Years 10 Years 15 Years
Ce Cv Ce Cv Ce Cv
m%kN m?%/sec m%/kN m?/sec m% kN | m?sec
1 0.141 2.43*10° | 0.160 | 4.14*10° | 0.190 |5.56*10°

5.7 Permeability Test

Permeability test was carried out as per Indian standard procedure (IS 2710 Part

17). Remoulded samples of size 100 mm diameter and 127.3 mm height in

cylindrical mould were prepared at 95 % of MDD and OMC. Samples were first
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saturated and water was allowed to flow through the samples. Time in second was
measured for flow of water from height h; to h,. Permeability was determined using

equation. 1.

alL h,
k = 23A_l‘log10|:h_:| (1)

2

Where,

L - Length of specimen, cm

A - Cross sectional area of specimen, cm?
t - Time interval, sec.

h; - Initial head, cm

h, - Final head, cm

a - Cross sectional area of stand pipe, cm?

The results of Permeability test of different types of MSW have been

summarised in Table 10.

Table 10:- Results of permeability test

SI.No. Permeability, cm/s
5 Years 10 Years 15 Years
1 1.21x10° 155x10" | 2.13x10°

The Permeability of different types of the MSW varies in the range 1.55 x 10’ to
1.21 x 10 cm/s. The low value of the Permeability observed is due to presence of
plastics, rubber etc in the MSW mix which obstructed the flow of water through the
mix. So it is required to provide a intermediate suitable layer for the proper drainage
of MSW embankment. Summary of geotechnical characteristics of different samples
of Municipal Solid Wastes has been summerized in Table 11.
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Table :-11 Summary of Geotechnical characteristics of Municipal Solid
Wastes (MSW)

Property 5 Years Old | 10 Years Old | 15 Years Old
Grain size analysis

Gravel (%) 39 38 31
Sand (%) 32.50 30 37
Silt (%) 24 27 27
Clay (%) 4.5 5 5
Atterberg limit test

Liquid limit (%) 34 33 32
Plastic limit (%) NA NA NA
Plasticity index NP NP NP
Free Swell Index test

FSI (%) 24 14 12
Modified Proctor test

MDD (kN/m*?) 16.7 16 15.5
OMC (%) 19 15 17
Direct shear test

( saturated )

c (kN/m?) 20 25 10

¢ (degree) 35 28 38
Permeability test

Coefficient of 1.21x10° 1.55x 10" 2.13x 10"
permeability (cm/sec)

Consolidation test

C. (Mm?/kN) 0.141 0.160 0.190
C. (m“/sec) 2.43X10° 4.14X10° 5.56X10°
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6.0 DESIGN OF MUNICIPAL SOLID WASTE EMBANKMENT

The design of embankment with MSW is similar to earthen embankments. It has
been proposed by NHAI, that the Municipal Solid Waste needs to be tried in the
widening of NH-24 in East Delhi. The existing 6 lane is proposed to be widened to 14
lanes. Based on the cross section details provided by NHAI, the material could be
effectively used in Package 1 of the project (Hazarat Nijamuddin to UP Gate) . The
height of embankment varied in the range 2m — 4m. Typical designs have been

suggested for 3m and 5m high MSW embankment.

The Municipal Solid Waste embankment is designed as a composite structure with
MSW in the core and a cover of good earth cover on either side. It is proposed to
provide 2 m thick soil cover (Measured horizontally) of local non plastic Delhi silt, to prevent
the possible erosion of MSW due to heterogeneity in the mix and to protect the local
inhabitants from bad odour. This would also add stability to the MSW embankment.
Two intermediate soil layers of 200 mm each compacted thickness are proposed to be
provided for MSW embankment more than 3m height. Apart from practical feasibility this
would provide good drainage in the MSW embankment. A 500 mm thick local Delhi soil is
also proposed on top of the MSW embankment, which will not only acts as a top cover but

will also form the sub-grade for pavement construction.

As the MSW embankment is to be used in the widened portion (4 lanes on either side of an
existing 6 lane road), large amount of surface water is expected to flow over the
embankment slope and may result in its erosion. Considering this phenomenon, a 0.3m
thick stone pitching over a 0.2m designed filter media is proposed on the slope of the MSW
embankment. Considering the critical condition of flood in the river Yamuna, it is also
proposed to provide a toe retaining wall for both 3m height and 5m height MSW
embankment. This will also prevent under cutting of the toe of the MSW embankment

during possible flood. However towards the built up area, no toe retaining wall is required.
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6.1 Stability analysis

The MSW embankment of height 3 m and 5 m with side slope of 2 horizontal to 1
vertical, was analyzed for its slope failure. The shear strength parameters (c and ¢),
bulk density (ypuik), Of different fill materials viz. MSW, cover soil and sub soil, as
determined from the laboratory/field tests were used for stability analysis. The MSW
embankment was analyzed under partially saturation, saturation up to H.F.L and
under sudden draw down conditions. The traffic and other live loads on the top of
embankment are considered as 24 kN/m?.

Analysis was carried out considering with and without the seismic forces separately
for 3m and 5m height MSW embankment and also with and without Toe retaining
wall. The basic seismic coefficients considered in the analysis are o= 0.05
(horizontal) and «,=0.025 (vertical) as per BIS code. Analysis was carried out using
a computer software. Typical stability analysis for 3m & 5m MSW embankments is
shown in Figures 33 to 36 respectively. Final cross sections for field construction is

shown in Figures are shown in Figures 41 to 44 respectively.

Factor of safety values determined for different heights of MSW embankments are
shown in Table 12 and 13. It is observed that Factor of safety values for critical draw
down conditions under seismic conditions varied in the range 1.64 to 1.79 which is

more than the minimum value of 1.25 required as per IRC-75 specifications.

Table:- 12 Factor of safety values for MSW embankment without Toe Retaining
Wall (Built up area)

Compacted Embankment height
cort;dlt::)n oft 3m 5m
embankmen Without With Without With
seismic seismic seismic seismic
Partially saturated 2.78 2.41 2.39 2.11
Fully saturated 2.66 2.11 2.49 1.98
Draw Down 2.33 1.98 2.09 1.79
Condition
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Table:-13 Factor of safety values for MSW embankment with Toe Retaining
Wall (River Side)

Compacted Embankment height
condition of 3m 5m
embankment Without With Without With
seismic seismic seismic seismic
Partially saturated 2.66 2.33 2.05 1.89
Fully saturated 2.28 1.95 1.98 1.70
Draw Down 2.26 1.93 1.83 1.64
Condition

7.0 SETTLEMENT ANALYSIS

Prediction of total settlement is very important in the case of MSW embankment fill.
Total settlement is estimated as sum of (1) Settlement of MSW embankment fill itself
(2) Settlement of sub soil. In both the cases, both Primary and secondary
consolidation settlement was considered in the analysis. In the case of determination
of secondary settlement of MSW embankment the long term compression
associated with creep and biodegradation was also considered. Details of

calculations are given below.

7.1 Primary Consolidation settlement

The Primary consolidation settlement of MSW was calculated using using equation 1

as given below.
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S = Primary compression occurring in the layer under consideration, m
H = Initial thickness of the MSW/subsoil layer under consideration, 3 m and 5m
eo = Initial void ratio of the layer, 0.85 (MSW), 0.55 (Sub soil)

C. = Primary compression index from consolidation test (C.=0.16 (MSW), C.=0.1
(Sub soil)

0o = Existing overburden pressure acting at the middle level of the embankment/ sub

soil layer

Ao = increment of overburden pressure at the middle level of the layer, 24 kN/m?
(MSW), 116 kN/m? (Sub soil)

7.2 Secondary Settlement

Generally, it is observed that land fill settlement varies significantly depending on
specific waste types and placement methods. The long-term compression
associated with creep and biodegradation phenomena is expressed in terms of the
secondary settlement/ compression index C, in which a decrease in the void ratio
during the secondary compression is related to the time elapsed between the initial
time t; and the final time t,. The MSW may decompose due to moist condition and
may increases with time (Sowers, 1973). Secondary settlement was calculated by

using Showers (1973) equation 3 as given below.

Ss = Ca.lagt— (3)

Ss = Secondary compression occurring in layer under consideration
Cq= Secondary compression index = 0.04C. for inorganic silt, 0.06 C. for organic silt

t1 = starting time for the long-term time period under consideration = 1 month
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t, = ending time for the long-term time period under consideration = 20 x 12 = 240

months.
H=3m & 5m,

eo = 0.85 (MSW), 0.55 (Sub soil)

The results of settlement analysis have been summarised in Table 14. It is observed
that the total settlement estimated theoretically for both 3m and 5m MSW
embankment ranges between 244 mm to 304 mm. The analysis was also carried out
using computer software as shown in Figures 37 to 40. The total settlement was

estimated as 303 mm and 461 mm for 3m and 5m respectively.

However these settlements are much less than the allowable settlement of 300 mm
to 600 mm considered for Road embankment. The total settlement shall be uniform

and shall occur slowly over a period of time.

Table:-14 Results of Settlement analysis

SI. | Height of Municipal Solid Waste Sub-soil Total
No | Embankment Settlement
Primary Secondary Primary
Consolidation | Consolidation Consolidation
Settlement Settlement Settlement
mm mm mm mm
1 3m 71 37 136 244
2 5m 79 52 173 304

38




Final Cross sections for field construction for 3m & 5m high embankment for both

River side and Built up area are shown in Figures 41 to 44.
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Figure 37: Settlement profile of sub soil for 3m MSW embankment
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Fig.38 Setlement profile of 3m MSW embankment compression fill
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8 .CONCLUSIONS

A detailed study was carried out to investigate the possibility of utilizing the Municipal
Solid Waste (MSW) collected from Ghazipur, East Delhi as an embankment fill
material. The MSW is proposed to be utilized in the widening of NH-24 from 4 lane to
16 lane. About 200 tons of Municipal Solid Waste was collected from Ghazipur and
was segregated into different sizes in the existing compost plant. The different
fractions were studied for their suitability for use in embankment construction. A
segregation methodology is proposed in the study. The segregated MSW is then
characterised for its Geotechnical characteristics. Design cross-sections were
arrived at for 3m and 5m height MSW embankments based on detailed stability
analysis. Settlement analysis was also carried out to investigate its feasibility for
embankment construction. Conclusions drawn from the study are summerized

below;

1. About 65-75% of segregated Municipal Solid wastes can be used for

embankment construction.

2. Other than soil, plastics and textiles were observed to be major constituents in
different segregated MSW (The percentage content of metals, wood, paper,
rubber, glass is observed to be less than 1% in different segregated MSW ).
There is no variation in the soil content or other constituents with the age of
the MSW.

3. Leachate studies indicate that MSW is a non hazardous material as

concentration of heavy metals is within the permissible limit.

4. The fraction passing 16mm sieve shows a minimal amount of plastics.
Considering the higher percentage of this material in the MSW (44-48%), and
the fact that its MDD satisfying the MORTH specification, this fraction can be
directly used for embankment construction. This should be mixed with
material retained on 37.5mm and 16mm after air blowing (at plant) to get the

final material for use in embankment construction.
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. The final MSW selected for embankment construction is a non plastic, non
swelling coarse grained material and classified as GM,i.e a silty gravel

material.

. The angle of shearing resistance values of MSW ranged between 28° and

35°%indicating its suitability for embankment construction.

. The Permeability of the different types of MSW varies in the range 1.55 x 10
to 1.21 x 10® m/s. The low value of the permeability observed may be
because of presence of plastics, and rubber in the MSW mix which obstructs
the flow of water through the mix.

. The value of compression index ranged between 0.14 and 0.19 indicating a
low to medium compressible soil. The average value of coefficient of
consolidation in the stress range of 79-628 kN/m? is estimated as 4.14 X 10®

m?/sec which is similar to that of conventional silty soils.

. Total settlement for 3m and 5 m MSW embankment including primary and
secondary consolidation 244 mm and 304 mm respectively. However these
settlements are much less than the allowable settlement of 300 mm to 600
mm considered for Road embankment. The total settlement shall be uniform
and shall occur slowly over a period of time.

10. Stability analysis indicated factor of safety values for critical draw down

conditions under seismic conditions in the range 1.64 to 1.79 which is more

than the minimum value of 1.25 required as per IRC-75 specifications
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9. RECOMMENDATION

1. Though the study indicated feasibility of segregated MSW wastes for
embankment construction, construction of an experimental test track,
instrumentation and performance monitoring for a minimum period of 2 years
is needed to arrive at conclusions, before recommending the same for large

scale field applications.

2. During construction in the field, it is suggested that necessary safety
measures shall be adopted for the staff engaged in construction as per IRC

and other relevant standards.
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1 GENERAL OVERVIEW

1.1 Introduction about Municipal Corporation of Greater Mumbai

Municipal Corporation of Greater Mumbai (MCGM) is one of the biggest Municipalities in sea
coastal cities of India. Municipal solid waste management (MSWM) attracts top most priority in
infrastructural development for the city. The Mumbai Metropolis has a historic tradition of strong
civic activism dedicated to the cause of a better life for all its citizens in Mumbai region. The
primary agency responsible for urban governance in Greater Mumbai is MCGM. In Mumbai, MSW
is openly disposed off at Deonar and Mulund dumping grounds which are located along the Thane
creek. The unprocessed MSW is dumped at the Deonar and Mulund Dumpsites. The Municipal
Corporation of Mumbai was developed in 1865. Presently, Municipal Corporation of Mumbai is
known as Brihanmumbai Mahanagar Palika or the Municipal Corporation of Greater Mumbai and
which has as its motto “Yato Dharmastato Jaya”(Where there is Righteousness, there shall be
Victory), inscribed on the banner of its ‘Coat of Arms’. It is said to be the largest civic organization
in the country and covers an area of 437 square kilometer. MCGM divides the Mumbai city in 6

zones and 4 to 5 wards are situated in each zone.

The MCGM, as the primary agency responsible for urban governance, has also signed an “MOU”
with “NGO” Council to work closely with NGOs in the fields of education, public health, creation of

urban amenities, art & culture and heritage conservation.
1.2 Functions of Municipal Corporation of Greater Mumbai

MCGM, Mumbai Region is responsible for civic and infrastructure needs of the metropolis including
maintenance of roads, street, flyovers, public municipal schools, water supply and purification,
hospitals, street lighting, light house, maintenance of parks and open local spaces, sewage treatment
and disposal, garbage disposal, street cleanliness, cemeteries and crematoriums, registering of births
and deaths in the city and prevention of epidemic out breaks. The corporation has 42 departments
which provide various services to the citizens. The annual budget of MCGM, Mumbai Region is

USS$ 4667.32 million.



Transportation

of MSWs

handling, transfer and transportation of waste. Bins for storage
of bio-degradable wastes shall be painted green. Those for
storage of recyclable wastes shall be printed white and those
for storage of other wastes shall be printed black;

iv.  Manual handling of waste shall be prohibited. If unavoidable
due to constraints, manual handling shall be carried out under

proper precaution with due care for safety of workers.

Vehicles used for transportation of wastes shall be covered. Waste
should not be visible to public, nor exposed to open environment
preventing their scattering. The following criteria shall be met,

namely:

i.  The storage facilities set-up by municipal authorities shall be
daily attended for clearing of wastes. The bins or containers
wherever placed shall be cleaned before they start
overflowing;

ii.  Transportation vehicles shall be so designed that multiple

handling of wastes, prior to final disposal, is avoided.




5. Processing of Municipal authorities shall adopt suitable technology or combination
MSWs of such technologies to make use of wastes so as to minimize burden

on landfill. Following criteria shall be adopted, namely:
(i) The biodegradable wastes shall be processed by
composting, vermicomposting, anaerobic digestion or any
other appropriate biological processing for stabilization of
wastes. It shall be ensured that compost or any other end
product shall comply with standards as specified in Schedule-

1v;

ii.  Mixed waste containing recoverable resources shall follow the
route of recycling. Incineration with or without energy
recovery including pelletisation can also be wused for
processing wastes in specific cases. Municipal authority or the
operator of a facility wishing to use other state-of-the-art
technologies shall approach the Central Pollution Control
Board (CPCB) to get the standards laid down before applying

for grant of authorization.

6. Disposal of Land filling shall be restricted to non-biodegradable, inert and other
MSWs wastes that are not suitable either for recycling or for biological
processing. Land filling shall also be carried out for residues of waste

processing facilities as well as pre-processing rejects from waste

processing facilities. Land filling of mixed waste shall be avoided

unless the same is found unsuitable for waste processing. Under

unavoidable circumstances or till installation of alternate facilities,

land filling shall be done following proper norms. Landfill sites shall

meet the specifications as given in Schedule III.
2.5 New MSW Draft Rule 2015
(1.) Storage of Segregated Solid Waste at Source

(1) Littering and open burning of solid waste shall be prohibited by all ULBs within the area
covered under their jurisdiction within six months from the date of the notification of the

rule.
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(i)

To facilitate compliance, the following steps shall be taken by the ULB, namely:

(a) Create public awareness on:

(b)

2

Reducing the generation of waste;
Reusing the waste material to the extent possible;
Processing food waste through home composting or community composting;

Separately store bio-degradable wastes or wet waste and non bio-degradable including

recyclable and combustible wastes or dry waste;
Encouraging waste pickers to take away segregated recyclable material stored at source;

Wrapping securely sanitary napkins/pads, tampons, infant and adult diapers, condoms, and

menstrual cups before putting in domestic bin meant for non bio-degradable waste;

Storing separately domestic hazardous wastes, such as contaminated paint drums, pesticide
cans, compact florescent lamps, tube lights, used Ni. Cd batteries, used needles and syringes

and health care waste;
Storing separately construction and demolition waste at the source of waste generation.

Mandate citizens to store segregated wastes at source in separate domestic or trade bins and
hand over these wastes separately to designated waste collectors for recycling, processing

and disposal of solid waste.
Collection of Solid Wastes

Organize door-to-door collection of segregated bio-degradable or wet and non bio-
degradable or dry solid wastes on a daily basis at pre-informed timings from all residential
and non-residential premises including slums and informal settlements using motorized
vehicles or containerized tricycles, handcarts or any other device which is suitable for
collection of segregated waste without necessitating deposition of waste on the ground and

multiple handling of waste;

Bio-degradable wastes from fruits and vegetable markets, meat and fish markets,
horticulture waste from parks and gardens, shall be collected separately and to the extent

feasible market waste may be processed or treated within the market area and horticulture
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(©)

(C))

waste within parks and gardens to make optimum use of such wastes and minimize the cost

of collection and transportation of such waste;

Large institutional premises, residential complexes shall be motivated and incentivized to

process bio-degradable waste within their campus to the extent it is feasible to do so;

Construction and demolition wastes or debris shall be separately collected and processed by
the ULB or agency appointed by it for the purpose of its processing and disposal without
mixing the same with bio-degradable, recyclable or non- recyclable combustible wastes that

shall be collected from the door step;

Dairy waste shall be collected separately and regulated as may be prescribed in the

municipal bye-laws;

Appropriate user fees or charges shall be levied from the waste generator for sustainability

of operations of SWM.
Sweeping of Street and Cleaning of Surface Drains

ULB shall arrange for cleaning of roads, streets, lanes, bye lanes, surface drains and public
places at regular intervals and use containerized tricycles, containerized handcarts, and

suitable motorized or non-motorized devices for collection of such waste;

Synchronize with the system of secondary storage and transportation of such waste without

necessitating deposition on the ground;
The waste shall not be mixed at any stage with the solid waste collected from the doorstep.
Secondary Storage

Segregated solid waste collected from the door step shall, as far as practicable, be
transported directly to respective waste processing facility having facility of sorting and
recovery of recyclable waste and in absence of such arrangement, the waste collected from

the doorstep shall be taken to waste storage depots for secondary storage of waste;

Waste depots shall have covered containers for separate storage of bio-degradable or wet

waste and non bio-degradable or dry waste collected from the doorstep;
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b)

d)

The street sweepings and silt collected from the surface drains shall not be left or
accumulated on roadsides and shall be transported directly to waste disposal facility or shall
be temporarily stored in covered bins or containers kept separately for secondary storage of
inert wastes at suitable locations for facilitating onward transportation of such waste to the
disposal site; if the street sweepings contain bio-degradable or recyclable waste, such waste

shall be segregated and sent to respective processing facility;

The secondary storage vehicles or containers shall synchronize with transportation system to

avoid multiple handling of waste;

Secondary storage of waste in open spaces on the roadsides or open plots or in cylindrical

concrete bins or open masonry bins shall be dispensed with;

ULBs shall where necessary, establish and maintain covered secondary storage facilities in
such a manner as they do not create unhygienic and insanitary conditions around it and the
following criteria shall be taken into account while establishing and maintaining storage

facilities;

Storage facilities shall be created and established by taking into account quantities of waste
generation in a given area and distance required to be travelled by the waste collectors to

deposit the waste at the storage facilities;
Storage facility shall be so placed that it is accessible to users;

Storage facilities to be set up by ULBs or any other agency shall be so designed that waste
stored is not exposed to open atmosphere and shall be aesthetically acceptable and user-

friendly and shall not be accessible to stray animals and birds;

Storage facilities shall be covered bins or containers of appropriate design including flaps
and shall have ‘easy to operate’ design for handling, transfer and transportation of waste and

handling during evacuation of waste should be user friendly and not cumbersome;

Bins for storage of bio-degradable wastes shall be painted green, those for storage of
recyclable wastes shall be painted blue and those for storage of street sweepings and silt
shall be painted black;

The design shall be developed in accordance with local practices and material available to

ensure minimal impact on health and the environment;
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2)

h)

)

)

Manual handling of waste shall be minimized and waste handlers shall be given personal

protection equipment to avoid direct contact with the waste;

Construction & demolition waste shall be separately stored in enclosed areas or containers
separately without mixing these waste with waste collected from doorstep or street

sweepings;

Bio-medical wastes, industrial wastes, e-waste and domestic hazardous wastes shall not be
brought to the secondary waste storage depots or mixed with solid wastes and such wastes
shall be handled as specified in specific rules framed for management of such wastes and
domestic hazardous waste may be handled as directed by the State Pollution Control Board

or Pollution Control Committee;

Secondary storage bins if placed shall be cleaned at regular intervals at least once in a month

and shall be painted at least once in a year;

Material Recovery Facilities

The ULB shall designate temporary storage spaces and set-up material recovery facility (MRF)

where non bio-degradable or recyclable solid waste collected from the doorstep shall be temporarily

stored by the ULB or operator of the facility before solid waste processing or disposal is taken up in

order to facilitate segregation, sorting and recovery of various components of recyclable waste by

informal sector of waste pickers or any other staff or agency engaged by the ULB for the purpose

and such sorting facilities shall be so designed that the solid waste stored is not exposed to open

atmosphere and shall be user-friendly.

(6)

Transportation of Solid Wastes

Waste collected from the doorstep in motorized vehicles shall be directly transported to the
processing facility through MRF to be set-up at the waste processing site or to the transfer
station or transfer point or waste storage depots for facilitating, sorting and bulk transfer of

waste to the processing facility in large hauling vehicles or containers;

Vehicles used for transportation of wastes shall be covered and shall have a facility to
prevent waste spillage and leachate dropping from the vehicles on the ground en-route to the

processing or disposal facility;
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(7

Waste shall not be visible to public, nor exposed to open environment preventing their

scattering;

Waste stored at the secondary waste storage depots in covered bins or containers shall be

attended daily and waste picked up before container start overflowing;

Bio-degradable waste stored in green and recyclable and combustible and domestic inert
waste stored in blue containers at the waste storage depots shall be transported to respective
processing facilities in a segregated manner and the inerts, street sweepings and silt collected
from the drains shall be stored in black containers and shall not be allowed to be mixed with
the waste collected from the doorstep or those stored in green or blue containers and such
inert waste shall be directly taken to waste disposal facility or to the processing facility, if

and when created for processing;

Separate transportation of domestic hazardous waste shall be arranged as directed by the

State Pollution Control Board or the Pollution Control Committee, as the case may be;

Construction and demolition waste shall be transported in covered vehicles separately to
construction and demolition waste processing facility; and transportation vehicles shall be

covered and so designed that multiple handling of wastes, prior to final disposal, is avoided.
Processing of Solid Wastes

ULBs shall adopt suitable technology or combination of appropriate technologies, with
emphasis on decentralized processing to make use of all components of wastes that can be

processed so as to minimize burden on landfill.
Following criteria shall be adopted:

Biodegradable wastes shall be processed by bio-methanation, composting, vermi-
composting, anaerobic digestion or any other appropriate biological processing for

stabilization of wastes;

It shall be ensured that composting or any other end product shall comply with standards as
specified in Schedule—II and also ensure that no damage is caused to the environment during

this process;
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(7)

To the extent feasible, market waste may be processed or treated within the market area and
horticulture waste within parks and gardens to make optimum use of such wastes and

minimize the cost of collection and transportation of such waste;

Dairy waste shall be used for bio-methanation or vermi-composting or aerobic composting,

either separately or with other bio-degradable solid waste;

Arrangement shall be made to provide segregated recyclable material to the recycling
industry through waste pickers or any other agency engaged or authorized by the ULB for
the purpose;

Residual combustible wastes shall be utilized for supplying as a feedstock for preparing
refuse derived fuel (RDF) or for generating energy or power from the waste by adopting
proven waste to energy technologies for which emission standards as well as standards for

dioxins and furans have been prescribed by the CPCB, New Delhi;

Non-recyclable plastics and other high calorific content waste may be utilized for co-
processing in cement kilns or for polymer or fuel production or manufacturing of products,

such as door panels and the like nature;

Construction and demolition and other inert wastes shall be utilized for making bricks,

pavement blocks, construction materials, such as aggregates;

ULB or the operator of a facility planning to use other state-of-the-art technologies shall
approach the CPCB to get the standards laid down before applying for grant of

authorization.

Disposal of Solid Wastes

Land filling or dumping of mixed waste shall be stopped soon after the timeline as specified

under for setting up and operationalization of sanitary landfill is over;

Landfill shall only be permitted for non-usable, non-recyclable, non-biodegradable, non-
combustible and non-reactive inert waste and other wastes, such as residues of waste
processing facilities as well as preprocessing rejects from waste processing facilities and the
landfill sites shall meet the specifications as given in Schedule—I, of the rule however every
effort shall be made to recycle or reuse the rejects to achieve the desired objective of zero

waste going to landfill;
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Landfill site shall provide an appropriate facility for sorting, storing and transportation of
recyclable material to the processing facility and ensure that such wastes do not get land

filled;

All old open dumpsites and existing operational dumpsites shall be carefully investigated
and analyzed about their potential of bio-mining and bio-remediation and actions shall be

taken accordingly in cases where such course of action is found feasible;

In absence of potential of bio-mining and bio-remediation of dumpsite, it shall be
scientifically capped as per landfill capping norms to prevent further damage to the

environment.
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PREVAILING SCENARIO OF
MUNICIPAL SOLID WASTE
MANAGEMENT IN MUNICIPAL
CORPORATION OF GREATER MUMBAI

3

3.1 Current Status of Municipal Solid Waste Management (MCGM)

In MCGM, Mumbai Region, there are 7 islands in city and 4 islands in suburbs. It accommodates
20.7 million people (census 2011). Presently, Mumbai has MSW generation to the tune of 11198.1
MT according to field study carried out by CSIR-NEERI, Nagpur. It also produces nearly 2500 tons
debris of construction and demolition (C&D) waste per day (Workshop on Metropolitan Governance
and Planning Experience of Mumbai and Rio de Janeiro 29th June, 2012 MCGM) and MCGM takes
active responsibility in managing the problems of solid waste in their respective jurisdictions. They
involve local people for sanitation works. They also keep a strong vigil over the SWM activities
carried out by UD&PAD within their jurisdictions, and report to the sanitation officer for

improvements.

3.2 MSW Quantification

The population of greater Mumbai is in million, generating huge amount of waste, thus
quantification of waste is a must for a city which has a huge population of this size. Waste
generation is a factor of population, lifestyle and level of urbanization, the quantification process has
been linked with population multiplied by the waste generation factor of the urban area.

The quantification of the waste has been done by monitoring ‘total waste generation’ to the

population of the city at a given time. Accordingly waste generation factor comes out as 0.54

kg/capita/day.
Table 3.1
Waste Quantification
Population of MSW reaching Dry Waste* Total Waste Waste generation
Mumbai (million) | landfill (MT/day) (MT/day) generation (MT) (kg/capita/day)
20.7 9969.94 1228.169643 11198.1 0.54

*Depends on physical characteristics of 24 wards (3.74 % plastics are generated in all season).
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3.3 Mode of Collection

MSW is generally collected by street sweeping, dumped MSWs on the roadsides. Door-to-door
collection methods are also carried out at most of the places in Greater Mumbai. Collections from
slums are mainly handled by NGOs as well as MCGM, Mumbai Region. Sweepers deployed by
UD&PAD load the waste collected onto the trucks. Generally, total generation of MSW is 11198.1
MT/ day and MSW reaching to the landfill site is 9969.94 MT/ day which indicated that 89% of the
MSW is collected by the MCGM (As per the field study carried out by CSIR-NEERI). The shift
timings for waste collection are normally from 6.00 AM to 2 PM and 2.00 PM to 10.00 PM and
10.00 PM to 6 AM. Figure 3.1 depicts a picture showing collection of MSW.

Figure 3.1: Picture showing Collection of MSW
34 Segregation of MSW

Waste segregation is practiced at Deonar and Mulund disposal sites in Mumbai. In addition, waste
from hospital/nursing homes, industries, and construction activity also gets mixed with MSW.
Sometimes, these all are segregated at the dumpsites. Figure 3.2 depicts a picture showing

segregation of MSW.
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Figure 3.2: Picture showing Segregation of MSW

35 Transportation of MSW

Waste collected is transported through uncovered refuse vehicles, which lead to waste spillage. The
loading and unloading of refuse vehicles is done manually by sweepers and sanitary workers.
Manual loading and unloading is a time consuming process which reduces waste carrying efficiency.
This practice also increases health risk to the workers. There are 6 types of vehicles, namely Big
Compactor, Small Compactor, Small Tipper having 1 ton capacity, Dumper placer (skip vehicle),
Tipper having 8 ton capacity and Stationary Compactor are in operation. 3 transfer stations at
Mahalaxmi, Kurla and Versova support intermediate transfer of waste from the surrounding area up
to the Mulund and Deonar dumping ground. The pictorial view of a compactor transporting MSW is

shown in Figure 3.3
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Figure 3.3: Pictorial View of a compactor used for Transportation of MSW in MCGM,
Mumbai Region

3.6 Processing and Disposal of MSW

MSW collected is dumped at Deonar and Mulund, Mumbai. The Deonar dump site is in use since

1927. Mulund dump site is used since 1968. A picture showing dumping of MSW at Mulund
Dumping site is depicted in Figure 3.4.

Figure 3.4: Picture showing Dumping of MSW at Mulund Dumping Site
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4 APPROACH & METHODOLOGY

4.1. Approach
The approach adopted to carry out the study is as follows:
e Collection of Maps of Greater Mumbai city, Deonar and Mulund Dumpsites.
e Collection of secondary data.
e Primary visit to all 24 wards of MCGM and the Dumpsites.
e Identification of sampling locations in greater Mumbai.

e Collection of MSW sample in different wards of MCGM for Pre-monsoon, Monsoon and

Post-monsoon season.
e Physical and chemical characterization of MSW.

e Statistical analysis of data collected and finally selection of appropriate processing

technology for MSWM Region.
4.2 Study Area

The study area of the project is Greater Mumbai City along with the two Dumpsites Deonar and
Mulund. 24 Sampling locations were identified in the MCGM, Mumbai Region covering a larger
size of population. These points were further classified into High Income Group (HIG), Medium
Income Group (MIG), Commercial Area (CA) and slum, respectively for all the three seasons, (pre-
monsoon, monsoon and post-monsoon). The sampling locations in different wards of MCGM
regions are presented in Tables 4.1 through 4.3. The physical composition of MSW was determined
at the site itself by w/w method.
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Sampling Locations in Different Wards of MCGM (Pre-monsoon Season), Mumbai

Table 4.1

Region
Name of Locations Area Name Date of Sampling
Ward
Ward A HIG Dins Haw Kwacha Chowk 13/05/2014
MIG Ganesh Murti Nagar 13/05/2014
LIG Ajad Nagari 13/05/2014
CA Near Ajad Maidan 13/05/2014
Ward B HIG Champa Wadi 12/05/2014
MIG Near Bmc Ward Office 12/05/2014
LIG Lohar Chawl 12/05/2014
CA Near Minar Masjid 12/05/2014
Ward C HIG Cherai Road 12/05/2014
MIG Near Ward Office 12/05/2014
LIG Nanobhai Deshi Marg 12/05/2014
CA Mirza Galib 12/05/2014
Ward D HIG Mallabar Hill,Palkeshwar 13/05/2014
MIG Near Opera House 13/05/2014
LIG Girgaon 13/05/2014
CA Girgaon Market 13/05/2014
Ward E HIG Byculla West 13/05/2014
MIG Nariyal Wadi 13/05/2014
LIG Sauter Street 13/05/2014
CA Kela Market 13/05/2014
Ward F/S HIG Byculla East 15/05/2014
MIG Near Byculla Station 15/05/2014
LIG Ghodapdeo 15/05/2014
CA Market of Byculla 15/05/2014
Ward F/N | HIG Sir Balchandra Road 15/05/2014
MIG Near Bmc Ward Office 15/05/2014
LIG Kalewadi 15/05/2014
CA Matuaga Area 15/05/2014
Ward G/S | HIG Adarsh Nagar 15/05/2014
MIG Adarsh Nagar 15/05/2014
LIG Kamgar Nagar-1 15/05/2014
CA Lower Parel Market 15/05/2014
Ward G/N | HIG Matunga West 15/05/2014
MIG Near Shivaji Park 15/05/2014
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LIG Near BMC Office 15/05/2014
CA Matunga Market 15/05/2014
Ward H/E | HIG Prabhat Colony 16/05/2014
MIG Near Bmc Ward Office 16/05/2014
LIG Aashadeep 16/05/2014
CA Santacruz East Market 16/05/2014
Ward H/'W | HIG Kartar Road 16/05/2014
MIG Near Mahim 16/05/2014
LIG Gajder Band 16/05/2014
CA Khan Market 16/05/2014
Ward K/E | HIG BMC Quarters, Vile Parle 19/05/2014
East
MIG Near Bmc Ward Office 19/05/2014
LIG Kaliakar Bari 19/05/2014
CA Mungibai 19/05/2014
Ward K/W | HIG Near Bandra Bandstand 19/05/2014
MIG Near Bmc Ward Office 19/05/2014
LIG Ganesh Nagar 19/05/2014
CA Vile Parle West 19/05/2014
Ward P/S HIG Raheja Housing Complex 19/05/2014
MIG Near Film City 19/05/2014
LIG Workers Colony 19/05/2014
CA Near Shivaji Nagar 19/05/2014
Ward P/N | HIG Adarsh Nagar 20/05/2014
MIG Near Bmc Ward Office 20/05/2014
LIG Liberty Garden 20/05/2014
CA Near Liberty Garden 20/05/2014
Ward R/S HIG LIC Colony 20/05/2014
MIG Near Bmc Ward Office 20/05/2014
LIG Patel Nagar 20/05/2014
CA Near Patel Nagar 20/05/2014
Ward R/C | HIG Marlynd Complex 20/05/2014
MIG Near Bhavdevi Ground 20/05/2014
LIG Dahisar 20/05/2014
CA Market Near Dahisar 20/05/2014
Ward R/N | HIG Ashok Van 20/05/2014
MIG Near BMC Ward Office 20/05/2014
LIG Ekta Nagar 20/05/2014
CA Market Near BMC Ward 20/05/2014
Office
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Ward L HIG Taximan Colony 16/05/2014
MIG Near BMC Ward Office 16/05/2014

LIG Near Kurla Station 16/05/2014

CA Jadav Market 16/05/2014

Ward M/E | HIG Mysore Colony 20/05/2014
MIG Near BMC Ward Office 20/05/2014

LIG Bharat Nagar 20/05/2014

CA Near Bharat Nagar 20/05/2014

Ward M/W | HIG Nagesh Patil Wadi 20/05/2014
20/05/2014

LIG Near Deonar Dumpsite 20/05/2014

CA Near Nagesh Patil Wadi 20/05/2014

Ward N HIG Laxmi Nagar 16/05/2014
MIG Damodar Park 16/05/2014

LIG Ambedkkar Nagar 16/05/2014

CA Hingwala Market 16/05/2014

Ward S HIG LIC Housing Colony 17/05/2014
MIG Near BMC Ward Office 17/05/2014

LIG Sajjan Wadi 17/05/2014

CA Near LIC Housing Colony 17/05/2014

Ward T HIG Vardhaman Nagar 17/05/2014
MIG Near BMC Ward Office 17/05/2014

LIG Near Mulund Station 17/05/2014

CA Near Mulund Dumpsite 17/05/2014

HIG-High Income Group
LIG-Low Income Group

CA-Commercial Area

MIG-Middle Income Group
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Sampling Locations in Different Wards of MCGM (Monsoon Season), Mumbai Region

Table 4.2

\N;;:gsof Locations Area Name Date of Sampling
A Market Colaba Market 9/17/2014
B MIG Near Azad Maidan 9/17/2014
C Market Vimal Das Market 9/17/2014
D HIG Pedder Road 9/17/2014
E MIG Police Colony 9/19/2014
F/S MIG Railway Chwal 9/19/2014
F/N HIG Adasa Nagar 9/19/2014
G/S HIG Mahadevi Colony 9/19/2014
G/N MIG Nandini Park 9/19/2014
H/E HIG PNT Colony 9/18/2014
H/W HIG Union Park 9/18/2014
K/E Market Near Airport 9/20/2014
K/'w HIG Gulmohor Colony 9/20/2014
P/S LIG Tilaknagar Area 9/22/2014
P/N Market Near Shivaji Road 9/22/2014
R/S LIG Panchseel Garden Area 9/22/2014
R/C MIG LIC Colony 9/22/2014
R/N LIG Near Lalbahadur Sastri Nagar 9/22/2014
L MIG Chandeveli 9/18/2014
N MIG Near Raheja Plaza 9/18/2014
M/E MIG Shivaji Nagar 9/18/2014
M/W LIG Ambedkar Nagar 9/18/2014
S LIG 1 Pocket of Vidya Vihar Area 9/20/2014
T MIG Azad Nagar 9/20/2014
Deonar Dunpsite 9/20/2014
Mulund Dumpsite 9/20/2014
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Table 4.3

Name of

Different

Ward Locations Area Name Date of Sampling
Ward A HIG Dins Haw Kwacha Chowk 10/11/2014
MIG Ganesh Murti Nagar 10/11/2014
LIG/Slum Ajad Nagari 10/11/2014
CA M.J Phule Market 10/11/2014
Ward B HIG J.J Gate Collection 10/11/2014
MIG Dongri 10/11/2014
LIG/Slum Raichur 10/11/2014
CA Near Minar Masjid 10/11/2014
Ward C HIG Cherai Road 10/11/2014
MIG Grant Medical Gymkana 10/11/2014
LIG Nanobhai Deshi Marg 10/11/2014
CA Mirza Galib
Ward D HIG Mallabar Hill,Palkeshwar 11/11/2014
CA Girgaon Market 11/11/2014
LIG/Slum Jaganath Shanker Seth Road 11/11/2014
MIG Near Opera House 11/11/2014
Ward E HIG Morland Aparment Road 11/11/2014
MIG Near BMC Office 11/11/2014
LIG/Slum Maulana Azad Road 11/11/2014
CA Byculla Market 11/11/2014
Ward F/S HIG Dosti Flamingo Apartment 11/11/2014
MIG Market Of Byculla 11/11/2014
LIG Ghodapdeo 11/11/2014
CA Parel Near Tata Institute 11/11/2014
Ward F/N | HIG Sir Balchandra Road 18/11/2014
MIG Near BMC Ward Office 18/11/2014
LIG/Slum Kalewadi 18/11/2014
CA Matuaga Area 18/11/2014
Ward G/S | HIG Poshkanwala Tin Top 18/11/2014
MIG Adarsh Nagar 18/11/2014
LIG/Slum Worli Kholi Wada Slum 18/11/2014
CA Worli Kholi Wada Market 18/11/2014
Ward G/N | HIG Near Shivaji Park 18/11/2014
MIG Near BMC Ward Office 18/11/2014
LIG Gul Mohar Ward 18/11/2014

Sampling Locations in Different Wards of MCGM (Post-monsoon Season), Mumbai Region
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CA Knp Market 18/11/2014
Ward H/E | HIG Prabhat Colony 12/11/2014
MIG NEAR BMC Ward Office 12/11/2014
LIG Garib Nagar 12/11/2014
CA Santacruz East Market 12/11/2014
Ward H/'W | HIG Kartar Road 12/11/2014
CA Khan Market 12/11/2014
LIG Gajder Band 12/11/2014
MIG Near Mahim 12/11/2014
Ward K/E | HIG BMC Quarters, Vile Parle East | 17/11/2014
MIG Near BMC Ward Office 17/11/2014
LIG/Slum Vichare Vamsha 17/11/2014
CA Mungibai 17/11/2014
Ward K/W | HIG Lokhandwala Yamuna Nagar 17/11/2014
MIG Near BMC Ward Office 17/11/2014
LIG/SLUM Ganesh Nagar 17/11/2014
CA Charbangla Market 17/11/2014
Ward P/S HIG Raheja Housing Complex 17/11/2014
MIG Near Film City 17/11/2014
LIG/Slum M.G.Road 17/11/2014
CA Vapista 17/11/2014
Ward P/N | HIG Adarsh Nagar 17/11/2014
MIG Near BMC Office 17/11/2014
LIG/Slum Malvani 17/11/2014
CA Atm Station Road Market 17/11/2014
Ward R/S | HIG LIC Colony 13/11/2014
MIG Near BMC Office 13/11/2014
LIG Patel Nagar 13/11/2014
CA Patel Nagar Market 13/11/2014
Ward R/C | HIG Marlynd Complex 13/11/2014
MIG Yoji Nagar Near Ajmer High 13/11/2014
School
LIG/Slum Gori Bridge 13/11/2014
CA Market Near Dahisar 13/11/2014
Ward R/N | HIG Ashokvan 13/11/2014
MIG Near BMC Ward Office 13/11/2014
LIG Ekta Nagar 13/11/2014
CA Market Near BMC Ward Office | 13/11/2014
Ward L HIG Taximan Colony 19/11/2014
MIG Near BMC Ward Office 19/11/2014
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LIG Near Kurla Station 19/11/2014
CA Jadav Market 19/11/2014
Ward M/E | HIG Mysore Colony 15/11/2014
MIG Near Bmc Ward Office 15/11/2014
LIG/Slum Bharat Nagar 15/11/2014
CA Market Near Bharat Nagar 15/11/2014
Ward M/W | HIG Nagesh Patil Wadi 19/11/2014
MIG Near Ward Office 19/11/2014
LIG Near Deonar Dumpsite 19/11/2014
CA Market Near Nagesh Patil Wadi | 19/11/2014
Ward N HIG Laxmi Nagar 19/11/2014
MIG Near Bmc Ward Office 19/11/2014
LIG Ambedkar Nagar 19/11/2014
CA Hingwala Market 19/11/2014
Ward S HIG LIC Housing Colony 14/11/2014
MIG Near Ward Office 14/11/2014
LIG/Slum Sajjan Wadi 14/11/2014
CA Market Near LIC Housing 14/11/2014
Colony
Ward T HIG Vardhaman Nagar 14/11/2014
MIG Near Bmcward Office 14/11/2014
LIG Near Mulund Station 14/11/2014
CA Near BMC Ward Office 14/11/2014
Deonar 15/11/2014
Mulund 15/11/2014

4.3 Methods Adopted for Sampling of MSW

The sampling was done as per the Central Public Health and Environmental Engineering
Organization (CPHEEO) guidelines 2000. Approximately, 20 kg of grab samples were collected
from the identified collection points in each of the above-mentioned categories. In each of the
categories, MSW samples were collected at 4 different collection points. Care was taken to ensure,
that the composite sample collected from these pre-determined locations was not less than 20 kg by

weight.

For Physical and chemical analysis, the collected sample was manually mixed (on a tarpaulin) using
a shovel to make its characteristics more uniform. A conical heap was prepared of this mixed sample
and randomly one quarter of a portion was selected using Cone and Quartering method. For physical
analysis, the waste was segregated into biodegradable/compostable matter (food and vegetable

waste), paper, plastic, metal & glass and inerts and then the result was concluded by (w/w) method.

29



For Physico-chemical analysis, 5 kg of the representative mixed waste sample was collected and
brought to NEERI laboratory. Samples collected were coded prior to transporting them to NEERI,
Nagpur Laboratory. Laboratory analysis work for physical and chemical analysis has been done as

per Standard Methods; US EPA SWM 846 Methods.

4.4 Methods adopted for Seasonal Variations of Physico-chemical Characteristics of MSW
and its Statistical Analysis (Pre-monsoon, Monsoon, Post-monsoon Seasons)

For interpretation of seasonal variations and statistical analysis of physico-chemical characteristics

of MSW (Pre-monsoon, Monsoon, Post-monsoon Seasons), Minitab 15 software was used.

The following procedure was used to analyze the data:

a) One Way ANOVA

One way ANOVA is used to compare the average values of the parameter in the 3 groups of datasets

1.€. Pre-monsoon, Monsoon and Post-monsoon seasons.

In one-way ANOVA, degree of freedom, sum of squares, f static value, p value, 95% confidence
level were taken into consideration.

b) HSU’s MCB Test

Hsu's MCB test procedure is used after an ANOVA to more precisely analyze differences between
averages. A multiple comparison method that is to identify factor levels that are the best,
insignificantly different from the best, and those that are significantly different from the best. "Best"

is defined as either the highest or lowest averages.

It can be helpful to specify the parameters that were:
e statistically significant

e parameters satisfying the null hypothesis

e parameters that gave tighter Cls in HSU’s MCB

e to provide probable reasons for the same.

¢) Box plot Interpretation

The plot represents the median, lower and upper quartile and lower and upper extremes in the
distribution, making it ideal for comparing distributions. The ends of the box represent the upper and
lower quartiles, thus the box spans in the inter-quartile ranges. The median is marked by the
horizontal line in the box. The whiskers outside the box mark the highest and lowest observations in

the dataset.
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5 RESULTS & DISCUSSION

5.1 Pre-monsoon Season

A total of 24 MSW samples were collected from the identified HIG, MIG,LIGs, CAs, as well as both
landfill site (Mulund & Deonar). Physical characteristics of MSW were carried out at all the
sampling points. Physical characteristics of MSW comprised of food waste, papers, plastics, metals

& glasses and inerts.

5.1.1  Physical Characterization of MSW

Physical Characteristics of MSW for the Pre-monsoon season of 24 wards including two dumpsites
are presented in Tables 5.1 through 5.27. Graphical representation for physical characterization of
MSW for the Pre-monsoon season is shown in Figures 5.1 through 5.27.

Table 5.1

Physical Characteristics of MSW of Ward “A” (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 97.00 94.00 85.5
Paper 5.00 2.00 3.50
Plastics 4.00 3.16 3.58
Metals and glasses 1.00 0.80 0.90
Inerts 8.10 4.90 6.50
WARD A
Metals and Inerts

glasses 6%
1%

Plastics
4% =

Paper
4%

Food waste
85%

Figure 5.1: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of
MSW of Ward A
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Table 5.2

Physical Characteristics of MSW of Ward B (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 91.20 74.40 82.8
Paper 3.50 1.80 2.65
Plastics 4.80 3.20 4.00
Metals and glasses 3.10 1.10 2.10
Inerts 9.40 7.40 8.40

WARD B

Metals and Inerts
glasses 8%
2%

Plastics
4%

Paper
3%

Food waste
83%

Figure 5.2: Graphical Representation of Physical Characteristics (Pre-monsoon season)
of MSW of Ward B
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Table 5.3

Physical Characteristics of MSW of Ward C (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 88.20 67.40 77.80
Paper 4.20 2.90 3.55
Plastics 6.70 4.80 5.75
Metals and glasses 5.10 2.10 3.60
Inerts 10.90 7.60 9.25
WARD C
Metals and Inerts
glasses - 9%
%
Plastics
6%
Paper
4%
Food waste

77%

Figure 5.3: Graphical Representation of Physical Characteristics (Pre-monsoon season)

of MSW of Ward C
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Table 5.4

Physical Characteristics of MSW of Ward D (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 85.02 64.65 74.84
Paper 4.70 2.60 3.65
Plastics 5.90 4.60 5.25
Metals and glasses 2.40 1.80 2.10
Inerts 16.24 12.00 14.12
WARD D
Inerts
Metals and 14%
glasses
2%
Plastics
5%
Paper
1%
Food waste

75%

Figure 5.4: Graphical Representation of Physical Characteristics (Pre-monsoon Season)

of MSW of Ward D
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Table 5.5

Physical Characteristics of MSW of Ward E (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 89.53 70.21 79.88
Paper 4.21 2.34 3.28
Plastics 2.17 1.86 2.02
Metals and glasses 3.20 1.90 2.55
Inerts 15.46 9.14 12.30

WARD E

Metals and Inerts
glasses — 12%

P lastics
2%

Paper
3%

Food waste
80%

Figure 5.5: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of

MSW of Ward E
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Table 5.6

Physical Characteristics of MSW of Ward F/S (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 82.62 73.06 77.5
Paper 4.17 1.48 2.83
Plastics 2.24 1.48 1.86
Metals and glasses 2.69 1.73 2.21
Inerts 18.41 12.18 15.30
WARD F/
Inerts
Metals and 15%
glasses

2%

P lastics
2%

Paper
3%

Food waste
78%

Figure 5.6: Graphical Representation of Physical Characteristics (Pre-monsoon Season)

of MSW of Ward F/S
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Table 5.7

Physical Characteristics of MSW of Ward F/N (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 93.31 65.93 79.62
Paper 4.16 2.07 3.12
Plastics 2.69 1.52 2.11
Metals and glasses 2.21 1.05 1.63
Inerts 15.42 11.73 13.58
Metals and WA R D F /N
glasses — Inerts

14%

2%

P lastics
2%

Paper
3%

Food waste
79%

Figure 5.7: Graphical Representation of Physical Characteristics (Pre-monsoon Season)

of MSW of Ward F/N
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Table 5.8

Physical Characteristics of MSW of Ward G/S (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 84.34 67.36 75.99
Paper 5.47 4.16 4.82
Plastics 3.49 2.51 3.00
Metals and glasses 3.24 1.10 2.17
Inerts 14.72 13.24 13.98
WARD G /S
Inerts

14%

Metals and glasses
2%

Plastics
3%

P aper
5%

\F ood waste

76%

Figure 5.8: Graphical Representation of Physical Characteristics (Pre-monsoon Season)
of MSW of G/S
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Table 5.9

Physical Characteristics of MSW of Ward G/N (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 81.61 60.47 71.05
Paper 6.42 4.67 5.55
Plastics 4.83 243 3.63
Metals and glasses 4.86 3.46 4.16
Inerts 18.43 12.76 15.60
WARD GN
Inerts
16%

Metals and
glasses
4%

P lastics
4%

Paper
6%

Food waste
70%

Figure 5.9: Graphical Representation of Physical Characteristics (Pre-monsoon Season)
of MSW of Ward G/N
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Table 5.10

Physical Characteristics of MSW of Ward H/E (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 88.9 63.3 76.1
Paper 4.67 2.82 3.75
Plastics 3.16 1.82 2.49
Metals and glasses 2.85 1.24 2.05
Inerts 19.47 11.75 15.61

WARD HE

Inerts

Metals and  16%
glasses —
2%

Plastics
2%

Paper
4%

\_F ood waste
76%

Figure 5.10: Graphical Representation of Physical Characteristics (Pre-monsoon Season)
of MSW of Ward H/E

40



Table 5.11

Physical Characteristics of MSW of Ward H/W (Pre-monsoon Season)

2%

Paper
3%

76%

Components Max. (%) Min. (%) Avg. (%)
Food waste 87.84 68.41 78.13
Paper 4.23 231 3.27
Plastics 2.84 1.47 2.16
Metals and glasses 2.50 1.17 1.84
Inerts 19.65 14.88 17.27
WARD HMW
Metals and Inerts
glasses 17%
2%
Plastics

\F ood waste

Figure 5.11: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of
MSW of Ward H/W

41



Table 5.12

Physical Characteristics of MSW of Ward K/W (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 88.24 65.16 76.7
Paper 2.96 1.52 2.24
Plastics 1.76 1.30 1.53
Metals and glasses 2.15 1.03 1.59
Inerts 23.18 13.65 18.42
WARD KW
Inerts
18%
Metals and
glasses

2%

Plastics
2%

Paper
2%

Food waste
76%

Figure 5.12: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of

MSW of Ward K/'W
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Table 5.13

Physical Characteristics of MSW of Ward P/S (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 80.9 61.00 70.95
Paper 6.33 3.60 4.97
Plastics 3.77 1.49 2.63
Metals and glasses 6.16 3.27 4.72
Inerts 20.66 12.47 16.57
WARD P/
Inerts
17%
Metals and
glasses
59% \
P lastics
3%
Paper
5%
Food waste

Figure 5.13: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of

MSW of Ward P/S
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Table 5.14

Physical Characteristics of MSW of Ward P/N (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 81.52 70.11 75.82
Paper 2.86 1.34 2.10
Plastics 1.87 1.20 1.54
Metals and glasses 1.52 0.82 1.17
Inerts 25.76 13.45 19.61
WARD PN
Inerts
Metals and 20%
glasses
1%
Plastics
2%
Paper
2%
Food waste

75%

MSW of Ward P/N

Figure 5.14: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of
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Table 5.15

Physical Characteristics of MSW of Ward R/S (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 83.81 66.47 75.14
Paper 5.21 3.09 4.15
Plastics 2.65 1.38 2.02
Metals and glasses 3.68 1.26 2.47
Inerts 19.22 14.15 16.69

Inerts WAR D R/S

17%

Metals and
glasses
2%
1

P lastics
2%

Paper

4%

Food waste
75%

Figure 5.15: Graphical Representation of Physical Characteristics (Pre-monsoon Season)
of MSW of Ward R/S
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Table 5.16

Physical Characteristics of MSW of Ward R/C (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg.( %)
Food waste 86.73 67.07 76.1
Paper 3.68 2.81 3.25
Plastics 2.59 1.45 2.02
Metals and glasses 5.67 2.76 4.22
Inerts 16.45 11.65 14.05
WARD R/C
Inerts
Metals and 149,

glasses
4%

P lastics

2%

Paper

3%

Food waste
77%

Figure 5.16: Graphical Representation of Physical Characteristics (Pre-monsoon Season)
of MSW of Ward R/C
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Table 5.17

Physical Characteristics of MSW of Ward R/N (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 82.1 62.94 72.52
Paper 4.86 1.98 342
Plastics 3.52 1.65 2.59
Metals and glasses 5.72 3.77 4.75
Inerts 18.33 15.39 16.86
WARD RN
Inerts
Metals and 17%
glasses
5%
Plastics
3%
Paper
3%
Food waste

Figure 5.17: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of
MSW of Ward R/N
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Table 5.18

Physical Characteristics of MSW of Ward L (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 78.44 67.64 73.05
Paper 4.26 2.99 3.63
Plastics 3.69 2.67 3.18
Metals and glasses 2.34 1.55 1.95
Inerts 19.26 17.38 18.32

WARD L

Inerts
18%

Metals and
glasses
2%

P lastics
3%

Paper
4%

Food waste
73%

MSW of Ward L

Figure 5.18: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of
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Table 5.19

Physical Characteristics of MSW of Ward M/E (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 83.84 59.27 71.59
Paper 4.56 2.15 3.36
Plastics 2.65 1.54 2.10
Metals and glasses 3.52 1.38 2.45
Inerts 25.66 16.13 20.90
WARD M/E
Metals and
glasses
2%
Plastics
2%
Paper

3%

\j ood waste
72%

of MSW of Ward M/E

Figure 5.19: Graphical Representation of Physical Characteristics (Pre-monsoon Season)
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Table 5.20

Physical Characteristics of MSW of Ward M/W (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 85.04 58.24 71.23
Paper 5.76 1.32 3.54
Plastics 3.46 1.25 2.36
Metals and glasses 3.18 1.67 2.43
Inerts 22.67 17.33 20.00
WARD MW
Inerts
20%
Metals and
glasses
2%
P lastics
2%
Paper
4%
Food waste

72%

Figure 5.20: Graphical Representation of Physical Characteristics (Pre-monsoon Season)

of MSW of Ward M/W
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Table 5.21

Physical Characteristics of MSW of Ward N (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 82.03 57.72 69.88
Paper 6.38 3.74 5.06
Plastics 5.75 2.66 4.21
Metals and glasses 3.87 2.16 3.02
Inerts 20.85 15.38 18.12
WARD N
Inerts

18%

Metals and
glasses
3%
Plastics

4%

Paper
5%

\ Food waste

70%

MSW of Ward N

Figure 5.21: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of
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Table 5.22

Physical Characteristics of MSW of Ward S (Pre-monsoon Season)

Components Max. (%) Min. (%) Avg. (%)
Food waste 81.67 57.72 69.88
Paper 3.70 1.36 2.53
Plastics 3.44 2.61 3.03
Metals and glasses 2.32 1.40 1.86
Inerts 23.70 13.98 18.84
WARD S
Inerts
20%

Metals and
glasses
2%

Plastics
3%

Paper
3%
Food waste
72%

Figure 5.22: Graphical Representation of Physical Characteristics (Pre-monsoon Season)
of MSW of Ward S
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Table 5.23

Physical Characteristics of MSW of Ward T (Pre-monsoon Season)

3%
P lastics

2%

Paper
3%

Components Max. (%) Min. (%) Avg. (%)
Food waste 77.97 66.14 72.96
Paper 5.33 1.10 3.22
Plastics 2.38 1.90 2.14
Metals and glasses 3.80 2.04 2.92
Inerts 22.36 14.33 18.35
WARD T
Inerts
18%
Metals and
glasses

Food waste
74%

Figure 5.23: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of

MSW of Ward T
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Table 5.24

Physical Characteristics (Pre-monsoon season) of MSW of Deonar Dumpsite (Old Dumped

Waste)
Components Max. (%) Min. (%) Avg. (%)
Food waste 56.98 33.82 45.61
Paper 2.58 1.55 2.07
Plastics 8.44 4.63 6.54
Metals and glasses 16.47 10.87 13.67
Inerts 39.45 24.71 32.08
Deonar Old Dumped Waste
Inerts
32%
Food waste

45%

Metals and
glasses

14% Paper

Plastics 204

7%

Figure 5.24: Graphical Representation of Physical Characteristics (Pre-monsoon Season)
of MSW of Deonar Old Dumped Waste
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Table 5.25

Physical Characteristics (Pre-monsoon Season) of MSW of Deonar New (Freshly Dumped

Waste)
Components Max. (%) Min. (%) Avg. (%)
Food waste 70.79 53.35 61.76
Paper 5.69 4.12 491
Plastics 7.58 3.93 5.76
Metals and glasses 4.26 244 3.35
Inerts 27.44 21.48 24.46

Deonar New (Freshly Dumped Waste)

Inerts
24%

Metals and
glasses
3%
Plastics Food waste
6% 62%
Paper
5%

Figure 5.25: Graphical Representation of Physical Characteristics (Pre-monsoon Season)
of MSW of Deonar New (Freshly Dumped Waste)
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Table 5.26

Physical Characteristics (Pre-monsoon Season) of MSW of Mulund (Old Dumped Waste)

Components Max. (%) Min. (%) Avg. (%)

Food waste 47.00 27.21 37.61

Paper 5.65 3.57 4.61

Plastics 8.46 5.89 7.18

Metals and glasses 14.70 8.36 11.53

Inerts 45.28 33.24 39.26
Mulund Old Dumped Waste

Food waste
38%

Inerts
38%

Paper
5%

N

Metals and
g]asses Plastics
12% 7%

Figure 5.26: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of
MSW of Mulund Old Dumped Waste
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Table 5.27

Physical Characteristics (Pre-monsoon Season) of MSW of Mulund New (Freshly Dumped

Waste)
Components Max. (%) Min. (%) Avg. (%)
Food waste 84.69 61.63 73.07
Paper 4.33 2.10 3.22
Plastics 4.67 3.25 3.96
Metals and glasses 4.65 3.04 3.85
Inerts 18.33 13.43 15.88

Metals and glasses

Mulund New (Freshly Dumped Waste)

Inerts
16%

4%

Plastics
4%

Paper
3%

Food waste
73%

Figure 5.27: Graphical Representation of Physical Characteristics (Pre-monsoon Season) of

MSW of Mulund New (Freshly Dumped Waste)
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Table 5.28 presents overall pre-monsoon physical characteristics of MSW in 24 Wards of MCGM

(including two Dump Sites) and also overall graphical representation in 24 wards of MCGM

(including two Dump Sites) is shown in Figure 5.28.

Table 5.28

Overall Physical Characteristics of MSW (Pre monsoon Season) of Different Ward of MCGM,
including Two Dumpsites Mumbai Region

Component Max % Mini % Avg. %
Food waste 88.4 37.61 72.6
Paper 5.55 2.07 3.51
Plastics 7.18 1.58 3.24
Metal and glasses | 13.67 0.89 3.28
nerts 39.26 6.5 17.37
inerts
17% \
Metal and
glasses
3%
Plastics
3%
Paper
4%
foodwaste
73%

Figure 5.28: Overall Graphical Representation of Physical Characteristics (Pre-monsoon
Season) of 24 Wards (including Two Dumpsites) of MCGM
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5.1.2  Physico-chemical Characterization of MSW (Pre-monsoon Season)

The MSW samples were analyzed in CSIR-NEERI laboratory for various parameters, such as pH,
moisture content, total solids, loss on Ignition, ash, Carbon, calorific value, nitrogen, C/N ratio,
sulphur, phosphorous, potassium, etc. Chemical characteristics of MSW for the Pre-monsoon Season

of 24 wards including two dump sites are presented in Tables 5.29 through 5.40.
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Table 5.29

Physico-chemical Analysis (pH) of MSW of 24 Wards including Two Dumpsites of MCGM,
Mumbai Region
(Pre-monsoon Season)

pH Value
Wards Name Max. Min. Avg.
A 7.01 6.95 6.88
B 7.45 6.83 7.27
C 6.92 6.62 6.77
D 7.94 7.61 7.87
E 7.05 6.49 6.71
F/S 7.25 6.74 6.93
F/N 8.16 7.83 8.04
G/S 7.12 6.21 6.48
G/N 7.95 7.05 7.74
H/E 7.84 7.15 7.35
H/W 7.54 6.76 7.09
K/E 7.27 6.5 6.78
K/'W 6.84 6.43 6.36
L 7.94 7.37 7.83
M/E 6.92 6.16 6.55
M/W 8.42 7.82 8.24
N 8.35 7.87 8.13
P/S 7.24 6.47 6.76
P/N 7.04 6.18 6.32
R/S 7.28 6.38 6.75
R/C 7.69 6.35 7.25
R/N 7.83 6.6 7.45
S 7.61 6.84 7.33
T 8.51 7.9 8.29
Deonar (Old Dumped Waste) 7.23 6.26 6.51
\D;[eaosrtl:)r New (Freshly Dumped 794 6.75 799
Mulund (Old Dumped Waste) 8.04 6.58 7.36
]\\{[]l;lsltl:)d New (Freshly Dumped 21 718 7908
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Table 5.30

Physico-Chemical Analysis (Moisture Content) of MSW of 24 Wards including Two Dump
sites of MCGM, Mumbai Region (Pre- monsoon season)

Moisture Content
Wards Name Max. (%) Min. (%) Avg. (%)
A 82 71.6 76.8
B 84.87 65.54 75.205
C 75.44 67.11 71.28
D 78.58 68.45 73.52
E 71.27 67.46 69.37
F/S 71.27 66.74 69.00
F/N 76.22 64.11 70.17
G/S 71.27 59.88 65.58
G/N 83.79 70.54 77.17
H/E 77.25 66.94 72.10
H/W 80.68 69.55 75.12
K/E 78.66 72.19 75.42
K/'W 79.55 72.14 75.84
L 80.64 72.16 76.40
M/E 75.46 70.06 72.76
M/W 76.16 70.89 73.52
N 75.16 65.46 70.31
P/S 78.5 65.44 71.97
P/N 76.44 67.11 71.77
R/S 79.16 66.59 72.87
R/C 76.44 71.46 73.95
R/N 77.61 73.1 75.35
S 76.49 68.44 72.46
T 77.55 70.16 73.85
Deonar (Old Dumped Waste) 70.48 60.49 65.48
Deonar New (Freshly Dumped
Waste) 75.43 68.42 71.92
Mulund (Old Dumped Waste) 71.78 62.15 66.96
Mulund New (Freshly Dumped
Waste) 83.49 74.68 79.08
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Table 5.31

Physico-Chemical Analysis (Total Solids) of MSW of 24 Wards including Two Dumpsites of
MCGM, Mumbai Region (Pre- monsoon season)

Total solids
Ward name Max. (%) Min. (%) Avg. (%)
A 28.4 18 232
B 34.46 15.13 24.795
C 32.89 24.56 28.73
D 31.55 21.42 26.49
E 32.54 28.73 30.64
F/S 33.26 28.73 31.00
F/N 35.89 23.78 29.83
G/S 40.12 28.73 34.42
G/N 29.46 16.21 22.83
H/E 33.06 22.75 27.90
H/W 30.45 19.32 24.89
K/E 27.81 21.34 24.58
K/'W 27.86 20.45 24.16
L 27.84 19.36 23.60
M/E 29.94 24.54 27.24
M/W 29.11 23.84 26.48
N 34.54 24.84 29.69
P/S 34.56 21.5 28.03
P/N 32.89 23.56 28.23
R/S 33.41 20.84 27.13
R/C 28.54 23.56 26.05
R/N 77.61 73.1 75.35
S 31.56 23.51 27.54
T 29.84 22.45 26.15
Deonar (Old Dumped
Waste) 39.51 29.52 34.52
Deonar New (Freshly
Dumped Waste) 31.58 24.57 28.08
Mulund (Old Dumped
Waste) 37.85 28.22 33.04
Mulund New (Freshly
Dumped Waste) 25.32 16.51 20.92
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Table 5.32

Physico-Chemical Analysis (Loss on Ignition) of MSW of 24 Wards including Two Dumpsites
of MCGM, Mumbai Region (Pre- monsoon season)

Loss on Ignition

Ward name Max. (%) Min. (%) Avg. (%)
A 90.11 78.22 84.17
B 91.25 72.11 81.68
C 84.75 75.33 80.04
D 91.95 81.40 86.68
E 83.26 74.13 78.70
F/S 81.24 74.06 77.65
F/N 80.06 72.19 76.13
G/S 86.68 70.55 78.62
G/N 82.89 74.32 78.61
H/E 90.44 74.06 82.25
H/W 83.1 77.16 80.13
K/E 84.1 74.46 79.28
K/'W 81.26 76.23 78.74
L 86.03 72.11 79.07
M/E 79.1 70.02 74.56
M/W 80.14 76.12 78.13
N 74.11 68.86 71.48
P/S 81.66 72.75 77.21
P/N 84.16 72.91 78.54
R/S 79.55 71.46 75.51
R/C 76.22 71.3 73.76
R/N 91.1 72.06 81.58
S 81.29 77.19 79.24
T 76.59 68.11 72.35
Deonar (Old Dumped

Waste) 61.65 48.34 55.00
Deonar New (Freshly

Dumped Waste) 82.46 76.43 79.45
Mulund (Old Dumped

Waste) 64.48 47.88 56.18
Mulund New (Freshly

Dumped Waste) 80.46 73.85 77.16
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Table 5.33

Physico-Chemical Analysis (Ash) of MSW of 24 Wards including Two Dumpsites of MCGM,
Mumbai Region (Pre- monsoon season)

Ash

Ward name Max. (%) Min. (%) Avg. (%)
A 21.78 9.89 15.84
B 27.89 8.75 18.32
C 24.67 15.25 19.96
D 18.60 8.05 13.32
E 25.87 16.74 21.3
F/S 25.94 18.76 22.35
F/N 27.81 19.94 23.87
G/S 29.45 13.32 20.8
G/N 25.68 17.11 21.4
H/E 25.94 9.56 17.75
H/W 22.84 16.9 19.87
K/E 25.54 15.9 20.72
K/'W 23.77 18.74 21.26
L 27.89 13.97 20.07
M/E 29.98 20.9 25.44
M/W 23.88 19.86 21.87
N 31.14 25.89 28.52
P/S 27.25 18.34 22.8
P/N 27.09 15.84 21.47
R/S 28.54 20.45 24.5
R/C 28.7 23.78 26.24
R/N 27.94 8.9 18.42
S 22.81 18.71 20.47
T 31.89 23.41 27.65
Deonar (Old Dumped

Waste) 51.66 38.35 45.01
Deonar New (Freshly

Dumped Waste) 23.57 17.54 20.56
Mulund (Old Dumped

Waste) 52.12 35.52 43.82
Mulund New (Freshly

Dumped Waste) 26.15 19.54 22.85
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Physico-chemical Analysis (Carbon) of MSW of 24 Wards including Two Dumpsites of

Table 5.34

MCGM, Mumbai Region
(Pre-monsoon Season)
Carbon

Ward Name Max. (%) Min. (%) Avg. (%)
A 52.26 45.37 48.82
B 27.89 8.75 18.32
C 49.16 43.69 46.43
D 53.34 47.22 50.28
E 48.29 42.99 45.65
F/S 49.11 43.78 46.45
F/N 46.44 41.87 44.16
G/S 50.28 40.92 45.6
G/N 48.08 43.11 45.59
H/E 55.01 42.16 48.59
H/W 55.39 46.2 50.80
K/E 48.78 43.19 45.99
K/'W 47.13 44.25 45.66
L 49.9 41.83 45.86
M/E 45.88 40.61 43.25
M/W 46.48 44.15 45.31
N 42.99 39.94 41.46
P/S 47.37 42.2 44.78
P/N 48.82 42.29 45.55
R/S 46.14 41.45 43.8
R/C 4421 41.35 42.78
R/N 52.84 41.8 47.32
S 47.15 44.77 45.96
T 44.42 39.51 41.96
Deonar (Old Dumped Waste) 35.76 28.04 31.9
Deonar New (Freshly

Dumped Waste) 47.83 4433 46.08
Mulund (Old Dumped

Waste) 374 27.77 32.59
Mulund New (Freshly

Dumped Waste) 46.67 42.84 44.75
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Table 5.35

MCGM, Mumbai Region (Pre-monsoon Season)

Physico-chemical Analysis (Nitrogen) of MSW of 24 Wards including Two Dumpsites of

Nitrogen

Ward name Max. (%) Min. (%) Avg. (%)

A 1.75 1.41 1.58
B 3.1 1.7 24
C 241 1.18 1.8
D 2.01 1.13 1.57
E 2.64 1.41 2.03
F/S 3.16 1.42 2.29
F/N 3.1 1.14 2.12
G/S 2.06 1.89 1.2
G/N 2.15 1.28 1.72
H/E 2.03 1.41 1.72
H/W 2.09 1.42 1.76
K/E 2.46 1.54 2
K/'w 2.66 1.22 1.94
L 2.19 1.46 1.83
M/E 1.89 1.04 1.465
M/W 2.09 1.42 1.76
N 1.65 1.37 1.51
P/S 2.09 1.42 1.76
P/N 241 1.29 1.85
R/S 2.06 1.71 1.885
R/C 2.13 1.68 1.91
R/N 2.16 1.4 1.78
S 2.09 1.41 1.75
T 1.97 1.48 1.725
Deonar (Old Dumped

Waste) 1.46 1.08 1.27
Deonar New (Freshly

Dumped Waste) 2.61 1.42 2.015
Mulund (Old Dumped

Waste) 1.15 0.72 0.935
Mulund New (Freshly

Dumped Waste) 2.06 1.72 1.89
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Table 5.36

Physico-chemical Analysis (Calorific Value) of MSW of 24 Wards including Two Dumpsites of
MCGM, Mumbai Region (Pre-monsoon Season)

Calorific value
Max. Min. Avg.
Ward Name (kcal/kg) (kcal/kg) (kcal/kg)
A 4092 3980 4036
B 3995 3985 3990
C 4088 3870 3979
D 4180 3879 4029.5
E 4182 3769 3975.5
F/S 3899 3697 3798
F/N 4005 3895 3950
G/S 4095 3879 3985.5
G/N 4065 3983 4024
H/E 3997 3789 3893
H/W 3959 3683 3821
K/E 4011 3986 3998.5
K/'W 4012 3876 3944
L 4056 3693 3874
M/E 4075 3609 3842
M/W 3922 3697 3809.5
N 3900 3875 3887.5
P/S 3913 3879 3896
P/N 3904 3987 3945.5
R/S 4021 3789 3905
R/C 4013 3786 3899
R/N 4038 3658 3848
S 4076 3905 3990.5
T 4038 3998 4018
Deonar (Old Dumped Waste) 4027 3780 3903.5
Deonar New (Freshly Dumped Waste) 4079 3850 3964.5
Mulund (Old Dumped Waste) 4089 3756 3922.5
Mulund New (Freshly Dumped Waste) 4180 3685 3932.5

** Calorific value of MSW was higher in most of the wards due to presence of enormous amount of
rice straw, baggasses, coconut husk and good quality of plastics and paper.
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Table 5.37

Physico-chemical Analysis (Sulphur) of MSW of 24 Wards including Two Dumpsites of
MCGM, Mumbai Region (Pre-monsoon Season)

Sulphur

Ward Name Max. (%) Min. (%) Avg. (%)

A 2.77 1.63 2.2
B 2.88 1.92 24
C 3.22 1.76 4.98
D 2.93 1.88 2.41
E 2.56 1.35 1.96
F/S 3.25 1.82 2.53
F/N 3.77 2.16 2.96
G/S 3.62 2.32 2.97
G/N 3.98 1.79 2.88
H/E 3.54 1.54 2.54
H/W 3.76 2.34 3.05
K/E 2.94 1.58 2.76
K/'W 3.56 1.84 2.7
L 2.97 1.73 2.35
M/E 3.21 2.35 2.78
M/W 3.28 1.83 2.55
N 3.61 2.31 2.96
P/S 3.47 2.16 2.81
P/N 3.89 2.11 3
R/S 3.56 1.94 2.75
R/C 4.15 2.06 3.16
R/N 3.25 1.72 2.49
S 2.58 1.84 2.21
T 4.26 2.03 3.14
Deonar (Old Dumped

Waste) 3.33 241 3.87
Deonar New (Freshly

Dumped Waste) 4.02 2.28 3.15
Mulund (Old Dumped

Waste) 3.45 1.74 2.6
Mulund New (Freshly

Dumped Waste) 3.46 1.22 2.34




Table 5.38

Physico-chemical Analysis (Phosphorus) of MSW of 24 Wards including Two Dumpsites of
MCGM, Mumbai Region (Pre-monsoon Season)

Phosphorus

Ward Name Max. (%) Min. (%) Avg. (%)

A 1.78 1.18 1.48
B 3.1 1.22 2.16
C 1.46 0.85 1.155
D 1.03 0.48 0.76
E 1.51 0.71 1.11
F/S 1.65 0.76 1.21
F/N 1.43 0.84 1.135
G/S 0.95 0.54 0.75
G/N 1.46 0.36 0.91
H/E 1.66 0.73 1.2
H/W 1.64 1.01 1.33
K/E 1.44 0.87 1.16
K/'W 1.69 0.81 1.25
L 1.43 0.88 1.16
M/E 1.49 1.06 1.28
M/W 1.81 0.91 1.36
N 1.42 1.03 1.23
P/S 1.65 0.89 1.27
P/N 1.21 1.07 1.14
R/S 1.16 1.08 1.12
R/C 1.04 0.78 0.91
R/N 1.41 1.05 1.23
S 1.43 0.78 1.11
T 1.17 1.08 1.13
Deonar (Old Dumped Waste) 2.67 1.74 2.21
Deonar New (Freshly Dumped

Waste) 1.52 0.95 1.235
Mulund (Old Dumped Waste) 2.18 1.96 2.07
Mulund New (Freshly Dumped

Waste) 1.54 1.106 1.32
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Table 5.39

MCGM Region (Pre-monsoon Season)

Potassium

Ward Name Max. (%) Min. (%) Avg. (%)

A 8.8 4.2 6.5
B 10.5 7.9 9.2
C 10.6 7.1 8.9
D 7.6 1.6 4.6
E 8.6 6.4 7.5
F/S 94 5.8 7.6
F/N 8.2 7.7 8
G/S 5.8 2.4 4.1
G/N 10.4 4.6 7.5
H/E 9.9 6.1 8
H/W 10.2 5.3 7.8
K/E 10.5 5.7 8.4
K/'W 9.5 8.4 9
L 10.9 6.1 8.5
M/E 6.7 5.1 5.9
M/W 10.6 4.1 7.4
N 9.2 4.8 7
P/S 8.9 4.6 7.6
P/N 7.8 7.3 6.8
R/S 8.1 4.7 7.5
R/C 8.5 6.4 6.4
R/N 10.4 6.5 8.5
S 8.5 7.1 7.8
T 7.8 6.1 7
Deonar (Old Dumped Waste) 14.6 11.2 11.4
Deonar New (Freshly

Dumped Waste) 7.2 4.8 7.2
Mulund (Old Dumped

Waste) 12.7 10.08 12.9
Mulund New (Freshly

Dumped Waste) 8.7 5.6 6

Physico-chemical Analysis (Potassium) of MSW of 24 Wards including Two Dumpsites of
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Table 5.40

Physico-chemical Analysis (C/N) of MSW of 24 Wards including Two Dumpsites of MCGM,
Mumbai Region (Pre-monsoon Season)

C/N

Ward Name Max. (%) Min. (%) Avg. (%)

A 32.18 29.87 31.02
B 24.6 17.07 20.84
C 37.03 20.4 28.71
D 41.78 26.53 34.16
E 30.5 18.29 24.39
F/S 30.83 15.54 23.18
F/N 36.73 14.98 25.86
G/S 24.41 21.65 23.03
G/N 33.68 22.36 28.02
H/E 29.9 27.1 28.5
H/W 29.62 26.89 28.22
K/E 28.05 19.83 23.94
K/'W 36.24 17.71 26.98
L 28.65 22.79 25.72
M/E 39.05 24.28 31.66
M/W 31.1 22.24 26.67
N 29.15 26.05 27.6
P/S 29.72 22.66 26.19
P/N 32.78 20.26 26.52
R/S 24.24 22.4 23.32
R/C 24.62 20.76 22.69
R/N 29.86 24.46 27.16
S 31.75 22.56 27.16
T 26.69 22.55 24.62
Deonar (Old Dumped

Waste) 35.76 28.02 31.9
Deonar New (Freshly

Dumped Waste) 31.22 18.33 24.77
Mulund (Old Dumped

Waste) 38.57 32.52 35.55
Mulund New (Freshly

Dumped Waste) 249 22.66 23.78
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Table 5.41 presents overall pre-monsoon chemical characteristics value of MSW in 24 wards of

MCGM including two dump sites.

Table 5.41

Overall Average of Physico-chemical Characteristics of MSW in 24 Wards including Two
Dump Sites of MCGM Region (Pre-monsoon Season)

Parameters Max. Min. Avg.
Moisture content (%) 79.08 65.48 72.69
Total solids (%) 34.52 20.92 27.31
Loss on Ignition (%) 86.68 55 76.85
Ash content (%) 45.01 13.32 23.15
Carbon (%) 50.8 31.9 44.58
Calorific value (kcal/kg) 4036 3798 3930.77
Nitrogen (%) 2.4 0.94 1.8
C/N Ratio 35.55 20.84 26.63
Sulphur 4.98 1.96 2.8
Phosphorous 2.21 0.75 1.26
Potassium 1.29 0.41 0.77
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5.1.3  Heavy Metals of MSW in Pre-monsoon Season

The MSW samples were analyzed in the NEERI laboratory for various heavy metals, such as
cadmium, copper, iron, lead, nickel, zinc etc. Heavy metals of MSW for the Pre-monsoon season of
24 wards including two dumpsites are presented in Tables 5.42 through 5.51. Graphical presentation

for Heavy metal of MSW in the Pre-Monsoon Season is shown in Figures 5.42 through 5.51.

Table 5.42

Heavy Metals Analysis (Cd) of MSW of 24 Wards including Two Dumpsites of MCGM,
Mumbai Region (Pre-monsoon Season)

Name of the Wards Cd (mg/kg)
A 0.098
B 0.447
C 0.065
D 0.328
E 0.143
F/S 0.024
F/N 0.021
G/S 0.038
G/N 0.071
H/E 0.069
H/W 0.035
K/E 0.087
K/W 0.051
P/S 0.076
P/N 0.104
R/S 0.047
R/C 0.042
R/T 0.036
L 0.115
M/E 0.107
M/W 0.128
N 0.065
S 0.072
T 0.092
Deonar (Old dumped waste) 0.998
Deonar (Freshly dumped waste) 0.078
Mulund (Old dumped waste) 1.167
Mulund (Freshly dumped waste) 0.081
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Figure 5.29: Graphical Presentation of Heavy Metal (Cd) of 24 Wards including Two
Dumpsites MCGM Region (Pre-monsoon Season)
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Table 5.43

Heavy Metals Analysis (CO) of MSW of 24 Wards including Two Dumpsites of MCGM,

Mumbai Region (Pre-monsoon Season)

Name of the Wards CO (mg/kg)
A 2.83
B 247
C 0.35
D 1.01
E 2
F/S 0.64
F/N 1.11
G/S 0.88
G/N 1.21
H/E 1.92
H/W 1.02
K/E 1.66
K/'W 1.19
P/S 1.32
P/N 1.09
R/S 1.63
R/C 0.91
R/T 0.75
L 1.43
M/E 1.71
M/W 1.06
N 1.58
S 0.82
T 1.15
Deonar (Old dumped

waste) 343
Deonar(Freshly

dumped waste) 1.47
Mulund (Old dumped

waste) 2.78
Mulund (Freshly

dumped waste 1.61
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Figure 5.30: Graphical Presentation of Heavy Metal (Co) of 24 Wards including Two Dump

sites MCGM Region (Pre-monsoon Season)
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Table 5.44

Heavy Metals Analysis (Pb) of MSW of 24 Wards including Two Dumpsites of MCGM,

Mumbai Region (Pre-monsoon Season)

Name of the Wards Pb (mg/kg)
A 1.75
B 2.77
C 0.66
D 1.92
E 1.39
F/S 0.37
F/N 2.26
G/S 1.84
G/N 0.89
H/E 3.56
H/W 1.07
K/E 1.44
K/W 0.53
P/S 0.87
P/N 1.21
R/S 1.1
R/C 1.27
R/T 0.77
L 0.91
M/E 1.23
M/W 1.37
N 1.02
S 1.15
T 0.62
Deonar (Old dumped waste) 2.46
Deonar (Freshly dumped waste) 1.23
Mulund (Old dumped waste) 2.72
Mulund (Freshly dumped waste 0.82
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Figure 5.31: Graphical Presentation of Heavy Metal (Pb) of 24 Wards including Two Dump

sites MCGM Region (Pre-monsoon Season)
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Table 5.45

Heavy Metals Analysis (Ni) of MSW of 24 Wards including Two Dumpsites of MCGM,
Mumbai Region (Pre-monsoon Season)

Name of the Wards Ni (mg/kg)
A 1.53
B 0.902
C BDL
D 1.8
E BDL
F/S 2.278
F/N BDL
G/S BDL
G/N BDL
H/E 3.932
H/W BDL
K/E BDL
K/W BDL
P/S BDL
P/N BDL
R/S 0.921
R/C 0.007
R/T BDL
L BDL
M/E 0.001
M/W BDL
N 0.002
S BDL
T BDL
Deonar (Old dumped waste) 0.871
Deonar (Freshly dumped waste) BDL
Mulund (Old dumped waste) 0.41
Mulund (Freshly dumped waste 0.048
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Figure 5.32: Graphical Presentation of Heavy Metal (Ni) of 24 Wards including Two
Dumpsites MCGM Region (Pre-monsoon Season)
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Table 5.46

Heavy Metals Analysis (Mn) of MSW of 24 Wards including Two Dumpsites of MCGM,

Mumbai Region (Pre-monsoon Season)

Name of the Wards Mn (mg/kg)
A 46.47
B 41.79
C 39.02
D 25.86
E 17.53
F/S 23.48
F/N 32.82
G/S 52.3
G/N 32.66
H/E 87.94
H/W 46.16
K/E 34.16
K/W 48.16
P/S 61.11
P/N 70.17
R/S 34.16
R/C 47.94
R/T 24.15
L 51.78
M/E 43.72
M/W 71.43
N 48.13
S 40.75
T 37.48
Deonar (Old dumped waste) 149.54
Deonar (Freshly dumped waste) 42.84
Mulund (Old dumped waste) 121.43
Mulund (Freshly dumped waste 51.21
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Figure 5.33: Graphical Presentation of Heavy Metal (Mn) of 24 Wards including Two Dump

sites MCGM Region (Pre-monsoon Season)
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Table 5.47

Heavy Metals Analysis (Cr) of MSW of 24 Wards including Two Dumpsites of MCGM,

Mumbai Region (Pre-monsoon Season)

Name of the Wards Cr (mg/kg)
A 7.27
B 5.93
C 6.39
D 9.2
E 11.46
F/S 9.91
F/N 14.29
G/S 9.98
G/N 11.55
H/E 10.12
H/W 5.14
K/E 7.11
K/'W 9.1
P/S 10.24
P/N 8.46
R/S 7.05
R/C 9.29
R/T 12.31
L 11.91
M/E 8.27
M/W 8.33
N 12.34
S 6.53
T 8.22
Deonar (Old dumped waste) 31.41
Deonar (Freshly dumped waste) 16.42
Mulund (Old dumped waste) 24.75
Mulund (Freshly dumped waste 13.42
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Figure 5.34: Graphical Presentation of Heavy Metal (Cr [VI]) of 24 Wards including Two

Dumpsites MCGM Region (Pre-mo

nsoon Season)
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Table 5.48

Heavy Metals Analysis (Cu) of MSW of 24 Wards including Two Dumpsites of MCGM,

Mumbai Region (Pre-monsoon Season)

Name of the Wards Cu (mg/kg)
A 16.4
B 12.92
C 11.52
D 28.06
E 16.7
F/S 16.57
F/N 24.04
G/S 18.35
G/N 10.26
H/E 22.6
H/W 17.46
K/E 16.48
K/'W 18.79
P/S 15.41
P/N 16.78
R/S 14.74
R/C 11.79
R/T 10.48
L 11.73
M/E 10.57
M/W 13.49
N 14.76
S 10.77
T 12.61
Deonar (Old dumped waste) 31.41
Deonar (Freshly dumped waste) 12.47
Mulund (Old dumped waste) 41.03
Mulund (Freshly dumped waste 11.4
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Figure 5.35: Graphical Presentation of Heavy Metal (Cr [VI]) of 24 Wards including Two
dumpsites MCGM Region (Pre-monsoon Season)
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Table 5.49

Heavy Metals Analysis (Fe) of MSW of 24 Wards including Two Dumpsites of MCGM,

Mumbai Region (Pre-monsoon Season)

Name of the Wards Fe (mg/kg)
A 12870
B 13250
C 6300
D 12350
E 7911
F/S 7204
F/N 10606
G/S 10314
G/N 13062
H/E 12486
H/W 8720
K/E 10341
K/'W 9271
P/S 6620
P/N 8813
R/S 10039
R/C 12036
R/T 13022
L 10194
M/E 7314
M/W 6014
N 10230
S 7961
T 9301
Deonar (Old dumped waste) 19435
Deonar (Freshly dumped waste) 9784
Mulund (Old dumped waste) 16483
Mulund (Freshly dumped waste 6482
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Figure 5.36: Graphical Presentation of Heavy Metal (Fe) of 24 Wards including Two
Dumpsites MCGM Region (Pre-monsoon Season)
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Table 5.50

Heavy Metals Analysis (Zn) of MSW of 24 Wards including Two Dumpsites of MCGM,

Mumbai Region (Pre-monsoon Season)

Name of the Wards Zn (mg/kg)
A 44.29
B 36.41
C 30.08
D 59.84
E 49.9
F/S 31.32
F/N 32.32
G/S 32.7
G/N 40.78
H/E 45.36
H/W 44.7
K/E 43.01
K/W 30.22
P/S 39.56
P/N 41.49
R/S 35.77
R/C 38.55
R/T 33.65
L 38.01
M/E 40.44
M/W 42.98
N 37.69
S 38.31
T 32.08
Deonar (Old dumped waste) 84.16
Deonar (Freshly dumped waste) 39.42
Mulund (Old dumped waste) 76.41
Mulund (Freshly dumped waste) 41.47
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Figure 5.37: Graphical Presentation of Heavy Metal (Zn) of 24 Wards including Two

Dumpsites MCGM Region (Pre-monsoon Season)
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5.2 Monsoon Season

In Monsoon season, physical characteristics were not performed due to heavy rain. Only single set of

sample was taken at different locations from each ward for chemical analysis in MCGM Mumbai.

5.2.1  Physico-chemical Characterization of MSW (Monsoon Season)

Chemical characteristics of MSW for the Pre-monsoon Season of 24 wards including two dump sites

are presented in Tables 5.51 through 5.63.
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Table 5.51

Physico-chemical Analysis (Moisture Content) of MSW of 24 Wards including Two Dumpsites

of MCGM, Mumbai Region (Monsoon Season)

Name of the Wards Moisture Content Avg.
(%)
A 87.06
B 84.09
C 83.11
D 88.47
E 84.67
F/S 85.06
F/N 86.27
G/S 83.1
G/N 87.31
H/E 85.27
H/W 86.23
K/E 85.12
K/'w 87.065
L 88
M/E 88.7
M/W 87.23
N 85.61
P/S 85.12
P/N 88.76
R/S 87.23
R/C 85.33
R/N 86.22
S 86.16
T 85.37
Deonar (Old Dumped Waste) 85.92
Deonar New (Freshly Dumped Waste) 87.32
Mulund (Old Dumped Waste) 84.62
Mulund New (Freshly Dumped Waste) 87.82
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Table 5.52

Physico-chemical Analysis (Total Solid) of MSW of 24 Wards including Two Dumpsites of
MCGM, Mumbai Region (Monsoon Season)

Name of the Wards Total Solids (Avg. %)
A 16.89
B 11.53
C 15.33
D 14.94
E 13.73
F/S 16.9
F/N 12.69
G/S 14.73
G/N 13.77
H/E 14.88
H/W 12.935
K/E 12
K/'W 11.3
L 12.77
M/E 14.39
M/W 14.88
N 11.24
P/S 12.77
P/N 14.67
R/S 13.78
R/C 13.84
R/N 14.63
S 14.08
T 12.68
Deonar (Old Dumped Waste) 15.38
Deonar New (Freshly Dumped Waste) 12.18
Mulund (Old Dumped Waste) 15.38
Mulund New (Freshly Dumped Waste) 12.18
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Table 5.53

Physico-chemical Analysis (Loss on Ignition) of MSW of 24 Wards including Two Dumpsites
of MCGM, Mumbai Region (Monsoon Season)

Loss on Ignition
Name of the Wards Avg. (%)
A 89.07
B 87.2
C 89.2
D 89.2
E 83.31
F/S 82.34
F/N 76.62
G/S 88.21
G/N 77.28
H/E 90.13
H/W 89.69
K/E 74.71
K/'W 90.11
L 81.9
M/E 85.04
M/W 82.51
N 91.26
P/S 78.28
P/N 83.97
R/S 63.31
R/C 75.73
R/N 67.78
S 86.71
T 90.11
Deonar (Old Dumped Waste) 70.955
Deonar New (Freshly Dumped Waste) 76.59
Mulund (Old Dumped Waste) 73.69
Mulund New (Freshly Dumped Waste) 78.82
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Table 5.54

Physico-chemical Analysis (Moisture Content) of MSW of 24 Wards including Two Dumpsites
of MCGM, Mumbai Region (Monsoon Season)

Name of the Wards Ash Content Avg.
(%)
A 10.925
B 12.795
C 10.795
D 10.795
E 16.685
F/S 17.655
F/N 23.375
G/S 11.785
G/N 22.715
H/E 9.865
H/W 10.305
K/E 25.285
K/'W 9.885
L 18.095
M/E 14.955
M/W 17.485
N 8.735
P/S 21.715
P/N 16.025
R/S 36.685
R/C 24.265
R/N 32.215
S 13.285
T 9.885
Deonar (Old Dumped Waste) 29.045
Deonar New (Freshly Dumped Waste) 23.41
Mulund (Old Dumped Waste) 26.31
Mulund New (Freshly Dumped Waste) 21.18
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Table 5.55

Physico-chemical Analysis (Carbon) of MSW of 24 Wards including Two Dumpsites of
MCGM, Mumbai Region (Monsoon Season)

Name of the Wards Carbon Avg. (%)
A 51.4
B 50.73
C 51.06
D 54.15
E 49.76
F/S 473
F/N 43.235
G/S 49.66
G/N 44.73
H/E 51.43
H/W 50.81
K/E 47.31
K/'w 51.28
L 48.03
M/E 51.5
M/W 46.77
N 51.23
P/S 46.33
P/N 45.09
R/S 34.92
R/C 43.67
R/N 38.72
S 50.815
T 50.6
Deonar (Old Dumped Waste) 37.55
Deonar New (Freshly Dumped Waste) 40.62
Mulund (Old Dumped Waste) 33.4
Mulund New (Freshly Dumped Waste) 42.43




Table 5.56

Physico-chemical Analysis (Nitrogen) of MSW of 24 Wards including Two Dumpsites of

MCGM, Mumbai Region (Monsoon Season)

Name of the Wards Nitrogen Avg. (%)
A 1.8
B 1.44
C 1.59
D 1.56
E 0.92
F/S 1.12
F/N 1.07
G/S 1.38
G/N 1.525
H/E 1.69
H/W 0.98
K/E 1.76
K/'w 1.81
L 3.05
M/E 3.35
M/W 1.42
N 2.11
P/S 1.34
P/N 1.05
R/S 1.53
R/C 0.69
R/N 1.52
S 1.42
T 0.455
Deonar (Old Dumped Waste) 1.59
Deonar New (Freshly Dumped Waste) 1.02
Mulund (Old Dumped Waste) 1.95
Mulund New (Freshly Dumped Waste) 2.25
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Table 5.57

Physico-chemical Analysis (Calorific Value) of MSW of 24 Wards including Two Dumpsites of
MCGM, Mumbai Region (Monsoon Season)

Name of the Wards Calorl(ilz;l’/z;(l;; Ave.
ward A 4323.125
ward B 1458.175
Ward C 2198.28
ward D 4222.57
ward E 3637.55
ward F/S 3959.49
ward F/N 4270.06
ward G/S 3938.275
ward G/N 3574.525
ward H/E 2291.38
ward H/'W 4117.025
ward K/E 3699.445
ward K/W 352991
ward P/S 3383.54
ward P/N 3583.225
ward R/S 4582.9
ward R/C 3756.43
ward R/N 1526.22
ward L 4044.97
ward M/E 1976.225
ward M/W 3324.455
ward N 4138.795
ward S 4172.48
ward T 2427.92
Deonar (Old Dumped Waste) 3873.68
Deonar New (Freshly Dumped Waste) 3514.3
Mulund (Old Dumped Waste) 3927.675
Mulund New (Freshly Dumped Waste) 4097.97

*# Calorific value of MSW was higher in most of the wards due to presence of enormous amount of
rice straw, baggasses, coconut husk and good quality of plastics and paper.
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Table 5.58

Physico-chemical Analysis (Sulphur) of MSW of 24 Wards including Two Dumpsites of
MCGM, Mumbai Region (Monsoon Season)

Name of the Wards Sulphur Avg. (%)
A 8.02
B 8.13
C 9.32
D 7.06
E 9.14
F/S 10.05
F/N 7.97
G/S 9.66
G/N 8.34
H/E 8.83
H/W 9.95
K/E 7.95
K/'W 7.99
L 8.22
M/E 8.66
M/W 9.95
N 8.04
P/S 8.35
P/N 9.77
R/S 7.98
R/C 8.12
R/N 9.27
S 10.28
T 11
Deonar (Old Dumped Waste) 7.72
Deonar New (Freshly Dumped Waste) 8.54
Mulund (Old Dumped Waste) 8.87
Mulund New (Freshly Dumped Waste) 10.02




Table 5.59

Physico-chemical Analysis (Phosphorous) of MSW of 24 Wards including Two Dumpsites of
MCGM, Mumbai Region (Monsoon Season)

Name of the Wards Phosphorus Avg. (%)
A 1.31
B 0.65
C 0.65
D 1.12
E 0.93
F/S 1.52
F/N 1.21
G/S 1.55
G/N 1.1
H/E 0.86
H/W 1.58
K/E 1.44
K/'W 1.02
L 2.2
M/E 1.64
M/W 1.89
N 1.17
P/S 0.55
P/N 1.53
R/S 0.97
R/C 1.53
R/N 1.22
S 0.33
T 0.97
Deonar (Old Dumped Waste) 0.4
Deonar New (Freshly Dumped Waste) 0.9
Mulund (Old Dumped Waste) 0.38
Mulund New (Freshly Dumped Waste) 1.28
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Table 5.60
Physico-chemical Analysis (Sodium) of MSW of 24 Wards including Two Dumpsites of

MCGM, Mumbai Region (Monsoon Season)

Name of the Wards Sodium Avg. (%) |
A 24.4
B 22.9
C 16.17
D 12.35
E 1.18
F/S 7.5
F/N 1.48
G/S 1.54
G/N 3.7
H/E 13.9
H/W 19.5
K/E 4.7
K/'W 6.95
L 15.75
M/E 47.5
M/W 15.5
N 5
P/S 19
P/N 9.95
R/S 1.31
R/C 8.5
R/N 6.75
S 1.34
T 2.05
Deonar (Old Dumped Waste) 6.1
Deonar New (Freshly Dumped Waste) 7.45
Mulund (Old Dumped Waste) 5.45
Mulund New (Freshly Dumped Waste) 6.5
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Table 5.61

Physico-chemical Analysis (Potassium) of MSW of 24 Wards including Two Dumpsites of

MCGM, Mumbai Region (Monsoon Season)

Name of the Wards Potassium Avg. (%)
A 0.8
B 0.6
C 0.31
D 1.9
E 3.015
F/S 1.36
F/N 2.75
G/S 3.37
G/N 1.22
H/E 2.33
H/W 2.01
K/E 0.77
K/'w 3.25
L 0.55
M/E 1.22
M/W 2.2
N 1.62
P/S 0.61
P/N 2.6
R/S 1.33
R/C 1.31
R/N 1.66
S 1.41
T 1.45
Deonar (Old Dumped Waste) 1.71
Deonar New (Freshly Dumped Waste) 0.71
Mulund (Old Dumped Waste) 1.36
Mulund New (Freshly Dumped Waste) 0.83
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Table 5.62

Physico-chemical Analysis (pH Value) of MSW of 24 Wards including Two Dumpsites of
MCGM, Mumbai Region (Monsoon Season)

Name of the Wards pH Value Avg. (%)
A 6.21
B 5.35
C 5.51
D 5.57
E 7.02
F/S 7.09
F/N 6.75
G/S 7.37
G/N 7.55
H/E 9.01
H/W 6.53
K/E 8.33
K/'W 7.19
L 6.63
M/E 5.95
M/W 7.72
N 6.36
P/S 8.15
P/N 7.22
R/S 6.68
R/C 6.51
R/N 7.18
S 7.38
T 7.3
Deonar (Old Dumped Waste) 9.76
Deonar New (Freshly Dumped Waste) 8.34
Mulund (Old Dumped Waste) 9.59
Mulund New (Freshly Dumped Waste) 9.68
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Table 5.63

Physico-chemical Analysis (C/N) of MSW of 24 Wards including Two Dumpsites of MCGM,

Mumbai Region (Monsoon Season)

Name of the Wards C/N Value Avg. (%)
A 26.6
B 26.085
C 26.325
D 27.855
E 25.34
F/S 24.21
F/N 22.1525
G/S 25.52
G/N 23.1275
H/E 26.56
H/W 25.895
K/E 24.535
K/'W 26.545
L 25.54
M/E 27.425
M/W 24.095
N 26.67
P/S 23.835
P/N 23.07
R/S 18.225
R/C 22.18
R/N 20.12
S 26.1175
T 25.5275
Deonar (Old Dumped Waste) 19.57
Deonar New (Freshly Dumped Waste) 20.82
Mulund (Old Dumped Waste) 17.675
Mulund New (Freshly Dumped Waste) 22.34
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Table 5.64 presents overall monsoon chemical characteristics value of MSW in 24 wards of MCGM

including two dump sites.

Table 5.64

Overall Average of Physico-chemical Characteristics of 24 Wards including Two Dump Sites

of MCGM Region (Monsoon Season)

Parameters Max. Min. Avg.
Loss on ignition (%) 84.06 79.78 81.91
Ash Content (%) 20.22 15.94 18.07
TOC (%) 47.82 45.35 46.59
Moisture content (%) 86.69 85.61 86.15
Total Solids (%) 14.39 13.21 13.8
pH value 7.53 7 7.26
Nitrogen (%) 1.71 1.38 1.55
Phosphate (%) 1.19 1.09 1.14
Sulphate (%) 1.88 0.98 1.43
Sodium (%) 10.23 0.47 10.52
Potassium (%) 1.59 1.56 1.58
C/N 24.76 23.37 24.07
Calorific value 3614.5 3553.4 3484

(kcal/kg)
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5.2.2  Heavy Metals of Monsoon Season

The MSW samples were analyzed in the NEERI laboratory for various heavy metals, such as
cadmium, copper, iron, lead, nickel, zinc etc. Heavy metal of MSW for the - Monsoon Season of 24
wards including two dumpsites are presented in Tables 5.65 through 5.73 And Graphical
Representation for Heavy metal of MSW for the Monsoon Season is Shown in Figure 5.38 through
5.46.

Table 5.65

Heavy Metals Analysis (Cd) of MSW of 24 Wards including Two Dumpsites of MCGM,
Mumbai Region (Monsoon Season)

Name of the Wards Cd (mg/kg)
A 0.02
B 0.30
C 0.07
D 0.04
E 0.50
F/S 0.13
F/N 0.19
G/N 0.05
G/S 0.25
H/E 0.06
H/W 0.12
K/E 0.17
K/W 0.27
L 0.50
M/E 1.32
M/W 0.11
N 0.17
P/S 0.10
P/N 0.23
R/S 0.19
R/C 0.11
R/N 0.88
S 0.32
T 0.24
Mulund (Old dumped waste 0.834
Mulund (Freshly dumped waste) 0.34
Deonar OLD(OIld dumped waste) 0.93
Deonar (Freshly dumped waste 0.44
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Figure 5.38: Graphical Presentation of Heavy Metal (Cd)) of 24 Wards including Two
Dumpsites MCGM Region (Monsoon season)
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Table 5.66

Heavy Metals Analysis (Co) of MSW of 24 Wards including Two Dumpsites of MCGM,

Mumbai Region (Monsoon Season)

Ward name Co (mg/kg)
A 0.39
B 5.40
C 1.53
D 0.68
E 16.45
F/S 1.90
F/N 4.50
G/N 4.73
G/S 0.60
H/E 0.94
H/W 1.03
K/'W 1.55
K/E 3.53
L 12.77
M/W 1.63
M/E 0.55
N 3.55
P/S 0.72
P/N 1.57
R/S 3.69
R/C 0.88
R/N 10.33
S 22.77
T 7.03
Mulund (Old dumped waste) 2.82
Mulund (Freshly dumped waste) 1.84
Deonar OLD(Old dumped waste) 341
Deonar (Freshly dumped waste 2.60
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