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Abstract: The presents study showed the effect of open dumping on
soil characteristics and biodegradation settlement analysis of soil
in non-engineered landfill. The contaminated soil isreferred to as
waste soil which has different settlement rates due to the various
categories and complex characteristics of waste. The degradation
of waste causing percolation of leachate into soil affecting the
strength and stability of soil. This paper includes the analysis of
geotechnical properties and settlement analysis of waste soil and its
comparison was done with natural soil. The geochemical analysis
was carried out by Energy Dispersive X- Ray Spectroscopy (EDX)
and Scanning Electron Microscopy (SEM). The elemental analysis
of soil exhibited presence of high oxygen and silica content in
uncontaminated soil. The analysis depicted that specific gravity,
maximum dry density (MDD), permeability and California bearing
ratio (CBR) showed decreasing trend variation for polluted soil. It
was observed that cohesion for contaminated soil was found to be
increased thereby increasing the shear strength of soil.
Additionally, temperature, pH and moisture content hold a
significant position for assessing the settlement. The settlement of
soil due to biodegradation of MSW is estimated using empirical
mathematical model for dump site depending upon pH, moisture
content and temperature. Additionally, settlement is evaluated
keeping in view the settlement due to biodegradation of MSW on
soil, which further helped in determination of the suitability of the
sitefor the construction and other recreational purposes.

Keywords: Biodegradation, Dumping, Geotechnical Properties,
Geochemical Properties, Maximum Dry Density, Settlement.

. INTRODUCTION

Solid waste management is an integral constituent of urban
and rura environment to make certain about healthy and safe
surroundings. India now a days faces challenges like
industrialization, urbanization, unplanned development,
population growth and other associated developmental
factors. It has been reported that 70% of
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Indian urban population generate about 1,30,000 tonnes/day
of MSW with a per capita production rate of 0.5 kg/day with
an expected annual rise of about 1.3% per year [1]. Further,
reported characterization of MSW in Indian cities indicates
about 40-60% of waste content is organic, 30-60% is inert
meaterial, 3-6% is paper and rest 1% miscellaneous[2]. About
90% of total waste produced in Indiais predisposed unsafely
and dumped untreated in landfills or open area or is sometime
burned in an uncontrolled manner resulting in generation of
greenhouse gases [3]. However, in mgjority of such cities,
MSW is dumped only in non-engineered landfill sites giving
rise to different environmental and health concerns [4].

Solid waste comprises of both biodegradable and
non-biodegradable materials that have harmful impact on
both soil and groundwater [2]. The major source of
contamination is leachate generated from MSW, which
percolates through soil. In particular, contamination of the
soil strata severely affects various engineering properties of
soil like shear strength, consolidation, permeability,
Cdlifornia Bearing Ratio (CBR) values and other related
parameters and as such has been previously studied for
determining the suitability of such contaminated soil for
potential reuse including construction purposes or as
sub-grade material [5-7]. Notably, many previous studies
have determined that the effect of soil contamination was not
uniform but highly dependent on type and nature of soil
considered [7-9]. The effect of municipal solid waste showed
a decrease in different geotechnical properties like specific
gravity, shear strength and permeability [9,10]. Due to
leaching, the soil gets contaminated and the properties of soil
like specific gravity, maximum dry density, permeability and
shear strength changes drastically [7-9].

The concentration of the contaminants in the soil can be
analyzed with use of SEM and EDX [11]. However, the
properties and settlement of MSW and waste soil becomes
problematic to determine because of different settlement rates
and heterogeneous properties and nature of the waste [6,7].
The mechanical compression, consolidation and presence of
biodegradable content in soil lead to settlement. The
compression of waste and soil have been studied by
researchers [12,13] to analyze the settlement rate but studies
on settlement of soil due to dumping of the MSW islimited to
compression or consolidation only. However, biodegradation
settlement of waste is an outcome of biodegradation of
organic matter which resultsin reduction of solid mass[14].
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Various mathematical and numerical models were available
for estimating landfill settlement but did not incorporate
major factors (pH, Moisture content, bulk density and
temperature) contributing to biodegradation. A previous
researcher [15,16] developed an empirica mathematical
model for evauating the settlement attributable to
biodegradation of MSW.

The study on settlement of MSW in landfill has already been
conducted by many researchers but study on settlement soil
due to dumping of waste is limited only for mechanical
compression. Thus, the present study focuses on assessing
geotechnical, geochemical properties and biodegradation
settlement of soil for an MSW dumping non-engineered
landfill site located in Una Town in Himacha Pradesh, India.
The geochemical properties are analyzed by SEM and EDX.
The geotechnical properties like particle size distribution,
compaction, permeability, shear strength and CBR are also
carried out for samples from dump site and natural sample.
The settlement of soil for MSW landfill using empirical
mathematical model developed by researchers [14,15] is
evaluated for assessing the impact of dumping on the soil.

Il. STUDY AREA

The dump siteisin Lalsinghi area of Unatown in foothill range
of Shivalik (Himalaya), at latitude 31°48’ and longitude 76°28’
with atotal population of 18722 [17]. Location of site is shown
inFig. 1. The generation of MSW in town isabout 6 metric tons
per day which is being dumped openly and aso increasing
proportionately. The areaisdrained by River Swan whichisthe
tributary of River Sutlgj having catchment area of 1204 km?in

Una.

The maximum rainfall per year varies from 966 mm to 1253
mm. Few important characteristics related to the study location

arerevealed by Table 1.

St [ UNA —4

A

Fig. 1. Location of Study area.

Table 1: Details of MSW Dump Site.

S.No. Description Lalsinghi Dump Site
1 Total Area 1,983sg. m
2 Maximum Height of Garbage | 8m
3 Current rate of Dumping 5,444 kg/day
4 Garbage dumped till 2016 4,65,30,97,949 kg
5 Depth of Groundwater Table 10m
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1. METHODOLOGY

a) M SW Sampling

Sampling of waste from dump site was done as per guidelines
recommended in ASTM Standard [18]. MSW was gathered
from vehicles that collect waste during unloading of waste at
dump site for a period of 10 days. 100 kg of representative
sample was extracted from the total sample collected during
sampling period of 10 days. Waste material was emptied on a
plastic sheet and mixed to get homogeneous mixture. A
representative sample of 100 kg was then obtained to
characterise the waste using quartering method. Separation of
waste is performed with the assistance of rag pickers for
substantial waste characterisation.

b) Soil Sampling
The soil samples for various tests were prepared as per ASTM
Standard [19,20] and Indian standard methods [21-28]. The
sampling of soil is done during month of March-April, prior to
rainy season, so that rain water may not affect the properties of
soil. The contaminated samples were collected within the site
from

four trial pits underlying the MSW dump at depth of 0.5m,
Im and 1.5 m below ground level. For comparison,
uncontaminated natural soil samples were also taken from a
distance of 1 km from the dump site. Soil samples are
extracted through auguring in order to collect representative
samples. Careful transportation of samples is attained by
packing soil samplesin plastic bags.

c) Geochemical Analysis

The geochemical testing of samples was done to determine
the elemental composition and morphology of soil using
SEM and EDX analysis. SEM provides a beam of electronin
a scan model. The electrons interrelate with atoms that
formulate the sample to produce waveforms which contain
details regarding features like electrical conductivity and
sample surface topography. SEM analyses the surface of
material and help to resolve the contamination issues. EDX
gives the information about presence of elements and
composition of materials using dides of prepared samples
heated at high temperature of 500-550°C [5]. SEM and EDX
are used to observe the surface of cells, microscopic
structures and observations and display the three-dimensional
objects[5, 11].

d) Laboratory Analysis

The soil samples collected from dump site and
uncontaminated samples were then analyzed for geotechnical
geochemical and settlement properties.

The geotechnical testing of samples includes determination
of specific gravity, particle size distribution, maximum dry
density, permeability, shear strength (C,¢ values), CBR of

the samples as per | S standards [21].

e) Settlement Analysis

Settlement of soil causes problems such as cracking of
structure, damage to foundation etc. Hence, in case of
dumping of MSW in open lands, properties of soil get
deteriorated causing settlement of soil.
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The settlement of soil due to overburden is not considered
because of less impact of MSW loading on soil. Thus, the
settlement of soil due to degradation of MSW is considered
for analysis. The characterisation of waste showed that effect
of moisture content is higher on settlement because of higher
organic content present in waste. However various models
were developed by researchers [29-31] for biodegradation
settlement but they did not consider the major factorslike pH,
moisture  content, temperature and density into
considerations. Biodegradation is a complex process which
requires factors like pH, moisture content ( €@ ) and

Temperature (T ) to be considered for settlement eval uation.
Hence, the model developed by the researchers [15, 16] is
used for evaluating the settlement which has considered all
these required factors.

Parametersfor modelling

It was assumed that soil comprises of layers having finite
thickness. The soil layer of thickness 5m is assumed for
consideration having 10 layers (0.5m each). The density of
soil isevaluated and it varied with the depth.

Thetop layer of soil isassumed to have MSW fraction mixed
with soil thus having different phases of slowly degradable,
moderately degradable, rapidly degradable and highly
degradable content. The decay rate (k) for slowly degradable,
non-degradable, rapidly degradable and moderately
degradable waste are 0.00001day,0.00 day™, 0.001day™,
0.0001day ™. Based upon the past studies the temperature of
in range of 32°C to 42°C is considered as optimum for
degradation of MSW [15, 29, 38]. Thus, temperature of 42°C
and pH for both acidic and akaline condition (2 to 14) is
considered as favourable conditions for biodegradation [15,
16, 29]. The moisture in layers varies spatially with depth.
However, based on actual field condition and modelled
parameters of soil, settlement is evaluated.

IV. RESULTSAND DISCUSSION

a) Characterization of MSW

Physical characterisation of MSW for a particular study area
depends upon type of waste being dumped and its source. The
waste generated is heterogenous in nature making the
determination of various components more of a complex
procedure. Therefore, random sampling procedure is adopted
for physical characterization [2, 32]. The results from
characterisation of waste showed that the organic component
in waste is higher and mainly composed of kitchen, food and
vegetable waste (Table 2). The biodegradable waste in the
dump site is around 56% having highest proportion of
biodegradable waste in summer season [33]. However it was
observed that organic waste for Indian cities is in higher
fraction ranges between 20-55% [ 1, 2, 4].

Table 2: Physical Composition of MSW in Una.

Sr. No. Components %age fraction
1 Organic matter 56.1+1.08
2 Paper 12.2+0.76
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3 Polythene/Plastic 10.3+0.59
4 Glass 1.0+0.03
5 Metal 1.2+0.38
6 Inert 10.5+£0.72
7 Others 8.7+0.19

Note: Number in the parenthesesis standard deviation.
Other includes |eaves, wooden matter, thermo-cole, coconut
etc.

b) Geochemical Analysisof Soil

The result of analysis by SEM and EDX showed that the
geometric arrangement of particles and structure of soil
sample, shape of particle and elemental composition of the soil
for contaminated soil samples and natural soil. The SEM
micrographs of sample were shown at different magnification
(5000, 10000, 15000, 25000) for both contaminated and
uncontaminated soil.

Fig. 2 shows micrographs for contaminated soil samples. The
details of the elements using EDX analysis in the sample is
shownin Fig. 2 (a, b) and Table 3 which showed the observed
elements in the sample.

The EDX analyses of the contaminated sample in Table 2
revealed the composition of elements, series and distribution
of the atomic weight in soil. The eight elements detected in
contaminated soil were oxygen, sodium, magnesium,
auminum, silica, potassium, calcium, iron. The percentage
atom of oxygen is higher in contaminated soil followed by
silicaand alumina.

The SEM and EDX analysis of uncontaminated soil is shown
inFig. 3 (a, b). Table 4 revealed that presence of five elements
oxygen, auminum, silica, potassium and iron, having higher
atomic and weight concentration of oxygen and silica in
uncontaminated soil. The uncontaminated sample has
appreciably high composition of slica content. The
concentration of silica in soil showed the presence of quartz
mineral in soil. The SEM micrographs showed that soil
fraction consists of roughly spherical and largely irregular
particles for samples.
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Fig.2(a). SEM Micrographs of contaminated soil with
different magnifications.
Fig. 2(b). Elemental analysis of contaminated soil by
EDX analysis.
Table 3: Quantitative analysis of detected elementsin
contaminated soil.

Element Normalized Atomic | Error | Kratio
Weight % Weight %

o 40.49 56.66 9.45 0.11
Na 2.74 2.67 13.28 0.01
Mg 1.02 0.94 15.62 0.01
Al 10.53 8.74 5.87 0.07
S 28.14 2243 4.95 0.18

K 6.66 3.81 6.90 0.05
Ca 3.68 2.06 9.19 0.03
Fe 6.73 2.70 10.56 0.06

Table 4: Quantitative analysis of detected elementsin
un-contaminated soil.

Element | Normalized Atomic | Error K

Weight % Weight % ratio
(0] 43.22 58.54 8.90 0.15
Al 3.16 254 8.44 0.02
S 46.83 36.14 3.72 0.35
K 0.88 0.49 33.14 | 0.01
Fe 591 229 13.14 | 0.05

c) Geotechnical Analysis of Soil

Particle Size Distribution
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Fig. 3(a). SEM Micrographs of uncontaminated soil with
different magnifications.
Fig. 3(b). Elemental analysis of uncontaminated soil by
EDX analysis.

Sieve examination for particle size distribution of
contaminated and uncontaminated soil samples are carried
out as per Indian Standards [24]. The particle size distribution
curve for contaminated soil and uncontaminated soil depict
that sample is mainly composed of sand. However, curve
showed that sample collected at 0.5m depth consists of
degraded waste fraction which results in presence of finer
particle. The particle size distribution for contaminated soil
and uncontaminated samples are shown in Fig. 4 (a,b).
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Fig. 4(a) Particle Size Distributionsfor contaminated
soil.
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Fig. 4(b) Particle Size Distributionsfor un-contaminated
soil.

Fig. 4 (a,b) showed that the particle size distribution for study
samples classified as poorly graded sand (SP). The C; and C,
for the study samples were observed in range of 0.92-0.97
and 2.07-2.58 for contaminated and uncontaminated soil
respectively. The results showed that value of C, liesbelow 4
indicating soil is poorly graded (SP) [34].

Specific Gravity

The analysiswas performed by specific gravity bottle (500 ml
flasks) [22]. The specific gravity of contaminated soil varied
between 1.95-2.08 at depth of 0.5 m which increases with
depth. The impact of dumping tends to reduce with depth
thereby increasing specific gravity of soil. The specific
gravity for uncontaminated soil was determined to be 2.46. It
could be noted that uncontaminated soil has highest specific
gravity as compared to contaminated soil.

The specific gravity diminution of contaminated soil isdueto
decay of particles because of organic content present in soil
which makes soil less [5, 10]. The organic content present in
soil varies with depth from 1.25% to 0.385%. This variation
in organic content is because of MSW fraction present in top
layer of soil.

Moreover, it can be seen that soil tendency to convert into
organic soil is found to increase with increase in leachate
migration aslowest specific gravity isobserved for soil at 0.5
m depth for contaminated soil.

Compaction Characteristics

The compaction behavior of samplesistested as|S code[25].
As per the particle size distribution curve; it is observed that
all soil samples are primarily sandy soil. The highest dry unit
weight (yq) corresponds to OMC whereas minimum dry unit
weight corresponds to lowest point as shown in Fig. 5 (a,b).
The reults showed small variation in sample collected from
dump site. So average variation for MDD of contaminated
samples has been presented in Fig. 5(a).
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Fig. 5(a) Compaction Curve of contaminated soil from

Standard Proctor Test.
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Fig. 5(b) Compaction Curve of uncontaminated soil from
Standard Proctor Test.

From the curvesit was observed that variation in the MDD of
soil is because of leachate migration into soil [6, 7, 9]. The
compaction curve showsthat sample at 0.5m depth has lower
MDD valuethan at depth 1.5 m but thereisno much variation
in values below 1m because impact of MSW dumping is
decreased. The highest dry density of contaminated soil
minimized from 17.18 kN/m? to 16.5 kN/m? and optimum
moisture content of soil increased from

15.8% to 17.5% with increasing effect of MSW on the soil.
The MDD of uncontaminated soil is more than contaminated
soil. The dry density of soil decreased due to migration of
leachate and concentration of leachateif increased in soil also
resultsin lower dry density [9, 36].

Permeability

Permeability characteristic of soil samples is determined
using constant head method for cohesion less soil as per IS
Standard (1S: 2720-17) [26]. It is observed from Fig. 6 (a)
and (b) that permeability of contaminated soil is less as
compared to uncontaminated soil. The reason for variationin
permeability can be due to accumulation of heavy metals
which migrates along with leachate through the soil [9, 35,

37].
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The permeability of soil at upper layer (0.5 m) islessthan soil
at 1m and 1.5m depth. Permeability of dump soil varies with
depth from 2,57 = 1075 to 2,32 x 10~* cm/sec for dump
soil  and 58x107*t067x107* ocm/sec  for
uncontaminated soil. The heavy metal gets deposited in soil
matrix thereby inducing bond between soil particle and
leachate film which reduces the porosity. This deposition of
heavy metals limits the water flow via the soil and hence
decreasing soil permeability.

Permeability, cm/sec
0  5E-05 0.00010.00019.00020.00025.0003
U | | | | |
02 ---¢--= Sample 51
\ —8— Sample 52
£ 0.4 - - =& - Sample 53
£06 - — ® — Sample $4
a
208
1 - h |
2
1.2 - /7,
1.4 1 !
1.6
Fig. 6(a) Variation of permeability of contaminated soils
with depth.
Permeability, cm/sec
0 0.0002 0.0004 0.0006 0.0008
0 ’\ ----- | | |
02 { e
0.4 1
€ e,
0.6 - \
3 :
0.8 /
1 14
1.2 1
14 -
¢
1.6
Fig. 6(b) Variation of permeability for un-contaminated
soil with depth.
Shear Strength

The shear strength constraints of soil are portrayed by means
of direct shear analysisasgivenin|S: 2720- Part 13[27]. The
specimens are prepared aa OMC within the shear box
(60x60x25 cm). The specimens were subjected to normal
stresses of 0.2 kg/cm?, 0.4 kg/en?, 0.6 kg/em?.

The samples were then sheared at rate of 1.25mm/min. The
deformations, horizontal and vertical were then recorded by
system connected to the apparatus. The shear strength
congtraints (¢ and ¢) were then determined from the
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maximum shear stresses and normal stress curves Fig.7 (a,b).
Fig. 7 (ab) showed slopes of failure envelopes for both
contaminated and un-contaminated soil specimen. It is
observed that contaminated soil samples depict anincreasein
c value for sample at 0.5m depth than sample at 1m and 1.5m
depth and friction angle (¢ ) increase with depth.

40.00

35.00
30.00
25.00
20.00
15.00

Shear stress kN/m?

10.00

+0.5m depth
® 1.0m depth
4 1.5m depth

5.00

0.00

0 20 40 60 80
Normal Stress kN/m?
Fig. 7(a) Shear strength envelopsfor contaminated soil at
different depths.
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~ 2500 "
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5 1500

£ 10,00
5.00
0.00

4 0.5m depth
® 1.0m depth
A 1.5m depth

0 20 40 60 80
Normal Stress kN/m?

Fig. 7(b) Shear strength envelopsfor un-contaminated
soil at different depths.

The angle of interna friction for sample collected within
dump site ranges from 18.64° to 20.55° for 0.5m depth with

increased cohesion and increases from 21.05° to 25.41° for

1.0 to 1.5 m depths with lower cohesion values. Thus, it was
observed that cohesion of samples collected within the dump
site is higher than uncontaminated sample [9] affecting the
shear strength constraints of soil. The raisein cohesion value
for 0.5 m depth can be accounted for the fact that the
contamination through leachate deposits various cations like
Ca, Mg and Mn which induces bond between the particles
[8]. The increase in ¢ can be due to soil degradation by
microorganisms which makes contaminated soil orient into a

denser packing. Since particle degradation of contaminated
soil can be expected, it could further lead to production of

more angular particles and consequently a higher ¢ [9, 10,
36].
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California Bearing ratio Test

The soil specimens from the dump site were analyzed for
CBRusing 1S:2720, Part 16 [28]. The specimen was prepared
at proctor maximum dry density. The Californiabearing ratio
test of the specimen was used to characterize the strength and
the bearing capacity of studied soils for soaked and
un-soaked conditions. CBR tests were conducted on sample
for three days soaked in water and on un-soaked samples
using standard compaction energy.

Fig. 8(a, b,) and Fig. 9 (a, b) showed the variation of CBR
values of samples under soaked and un-soaked conditions.
The plot of load-penetration is obtained and CBR values for
penetration of 2.5mm and 5mm are determined. The CBR
value for penetration 2.5mm and 5mm were calculated and
greater value of CBR should be considered for analysis.

The CBR value of dump soil variesin range of

4.63%-5.62% for un-soaked condition and 1.52-2.07% for
soaked state. The CBR value for natural soil varies from
5.45-5.81% for un-soaked and 1.77-2.03% for soaked

14

m0.5m depth
g 1.0m depth
# 1.5m depth

1.2 1

1 n

Load

1 2 3 4 5

Penetration, mm

Fig. 8(a) Histogram of Load and Penetration for
contaminated soil (un-soaked condition).
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conditions respectively. The CBR value of dump soil as
compared with the natural soil decreased by 12% -17% and
20-25% for un-soaked and soaked conditions respectively.
The observed results for geotechnical properties showed
that dumping of waste in open land causes degradation of
soil and thus showing decreasing trend in specific gravity,
MDD, shear strength, CBR and permeability of soil [9, 35,
37]. The experimental result showed that upper layer (0.5m)
of soil is contaminated because of MSW thus having the
effect of contamination more than lower depths. The
influence of contamination decreased beyond 1.5 m depth of
soil thus having properties similar to uncontaminated soil.
This is because the effect of MSW is lower beyond 1.5 m
depth. Due to the contamination of soil, organic matter is
decaying and thus affecting properties of soil like shear
strength, CBR, dry density etc. as compared to
uncontaminated soil. This depict that the strength of
uncontaminated/natural /virgin soil is more as compared to
contaminated/dump soil.

0.5
W 0.5m depth
# 1.0m depth
0.4 # 1.5m depth
2 0.3 -
=
o
3
= 0.2 -
0.1 -
0 |

0o 1 2 3 4 5

Penetration, mm

Fig. 8(b) Histogram of Load and Penetration for
contaminated soil (soaked condition).

6 7 8
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1.2 J|= 1.0m depth 0.45 -] = 1.0m depth
- # 1.5m depth 0.4 | # 1.5m depth
1 - 0.35 |
0.3
208 - =
) ©0.25
806 - 3
— " — 02 .
0.4 0.15 |
0.1
0.2 -
0.05 |
0 o
o 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8
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Fig. 9(a) Histogram of Load and Penetration of Fig. 9(b) Histogram of Load and Penetration of
uncontaminated soil (un-soaked condition). uncontaminated soil (soaked condition)
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d) Biodegradation Settlement Analysis of sail

Variation of settlement with changing pH of soil
(temperature and moistur e content constant)

Based upon the actual parameters and assumed values of pH,
moisture content and temperature, settlement of soil is
evaluated. Fig. 10 showed the settlement of soil with time for
actual moisture content, temperature with varying pH values.
The actual pH values for sample vary with layer and for
different phase of MSW (dowly, moderately, rapidly and
highly degradabl€). The pH values adopted for analysis are
both acidic and akaline conditions for observing the
settlement pattern of soil. The results for settlement analysis
depict that settlement of soil increases at slow rate but
continue afterwards.
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Fig. 10. Settlement of soil with variation in pH for
biodegradation model.

The result showed that the increase in settlement of soil for
acidic (pH-2) and akaline (pH-12) nature are amost same
and increased at a very slow rate. However, the variation in
pH values (actua pH of soil samples, 4, 9) showed the
increase in settlement having significant increase in
successive years. It can be observed from the results that the
rate of degradation of soil is more owing to growth of
micro-organisms present in soil which tend to grow in
moderate pH conditions.

Variation of settlement with changing moisture content
of soil (constant pH, temperature)

Settlement with changing moisture content observes increase
in settlement of soil. The actual parameters for temperature
and pH were used for estimating tempora and spatia

variation of moisture content.
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Fig. 11. Settlement of soil with variation in moisture
content.
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It was observed from the results that settlement increaseswith
increase in moisture content. The variation of settlement with
moisture content is shown in Fig. 11. It can be seen that
difference in settlement is less for initial 1-5 years and then
increases with time.

Variation of settlement with change in temperature of
soil (constant pH, moisture content)

Fig. 12 showed the variation in settlement with observed and
predicted temperature during the different time. It was
observed from the graph that the variation in temperature
leads to biodegradation of organic matter. With the increase
in temperature, settlement of layer increases significantly.
Settlement of soil starts after 5" year and continuous increase
was observed for next successive years. The increase in
temperature promotes the growth of microorganisms results
in decomposing the material.

The obtained results depict that the settlement at actual
temperature condition during sampling period is significant
and increases with time.

The model devel oped isfunction of pH, moisture content and
temperature and plays a significant role in biodegradation.
The nature of refuse dumped on basis of degree of
degradation predicts the settlement of soil.
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Fig. 12. Settlement of soil with variation in temperature.

The parameters given are considered for sensitivity analysis
for determining settlement. The model was subjected to field
parameters and analyzed results of soil which predict the
settlement of soil beneath MSW. The model used the
predicted values of degradation constant for the settlement
variation however it depends upon the rate of degradation of
MSW which is being evaluated after the analysis of MSW.
The settlement analysis of soil from model showed that
settlement rateincreases with increase in temperature, pH and
moisture content. However, the variation in settlement is
observed and it can be predicted that if the organic content
and fraction of MSW and amount of wasteisincreased in soil
the settlement of layers will be increased [16,38,39].
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V. CONCLUSION

The contamination of soil due to open dumping affects the
environment and posing health hazards to human beings. The
characterization of MSW for the study area showed the
higher content of organic matter with lower proportion of
contaminated material like metals, batteries, glass etc. in
waste. The laboratory analysis of parameters like specific
gravity, MDD, shear strength of soil affected due to MSW
dumping showed lower values than natural soil. Thus, it can
be concluded that contamination tends to modify the nature

of soil frominorganicto organic. The SEM and EDX analysis
of the sample showed presence of slica content in
contaminated and uncontaminated soil and amount of oxygen
in soil is also higher which showed presence of higher
moisture content. The geotechnical characteristics of soil
were affected due to open dumping having higher effect on
the upper layer of soil.

The value of specific gravity in lower layers is similar to
uncontaminated soil which showed that level of
contamination in lower layers is lesser which has not much
affected the properties of soil. However, there isinsignificant
variation in particle size for sampleswhich isfound to depict
soil as poorly graded sand (SP).

The results showed that MDD reduces from 17.18 kN/m? to
16.5 kN/m? and OMC increases from 15.8% to 17.5% for the
contaminated soil compared to uncontaminated soil for which
MDD is 17.1 kN/m3. This reduction in MDD is due to
degradation of organic substance available in waste.
Consequently, decrease in void ratio is attained and hence
smaller permeability of contaminated soil. The eectrically
neutral sand particle gets charged due to deposition of heavy
metal s thereby increasing bonding between soil particles and
inducing apparent cohesion. Hence, it could be concluded
that shear strength of contaminated soil is higher than
uncontaminated soil. The higher values of cohesion and
smaller angle of internal friction of dumpsite soils reveal
reduced shear strength when distinguished with natura soil.
The CBR value of dump soil as compared with the natural
soil decreased by 12% -17% and 20-25% for un-soaked and
soaked conditions.

In this context, treatment of soil and analysis of settlement
should be done to avoid any damage or reducing differential
settlement in near future. Thus, settlement analysis of soil
showed that increase in moisture content, temperature
accelerate the biodegradation process of MSW and thus
increasing the settlement of soil layer containing MSW. The
predicted settlement of soil is significant for causing
differential settlement in soil and mainly depends upon the
amount of MSW fraction in soil. Thus, withincreasein MSW
dumping and rate of degradation, settlement of soil is
increased. In this context, it is recommended that for
minimizing the adverse effect of MSW on soil an engineered
landfill should be constructed.
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