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Physicochemical Analysis of Municipal Solid Waste Compost
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Abstract: Composting is one of the most favored options for MSW recycling for waste streams with high
content of Biodegradable materials. This study focuses on the physicochemical properties of MSW and
its development as a composting material. The results shown 53% MSW were non decomposable and 47
% decomposable. The compost electrical conductivity 0.769, pH 7.65,percentage of ash 33.95, total organic
carbon 24%, total kjeldahl nitrogen 0.96 and C/N ratio 25:0.96, phosphorus 0.0035, sodium 2.8%,
potassium 0.30%, calcium 0.43%, magnesium 0.002%, humic substance 25.3 and total concentration of
heavy metal in dry compost were reduced and compared with the standard of the Central Pollution Control
Board limits. Thus classifying them excellent for making the compost suitable for use as a fertilizer and
soil conditioner. The compost physiochemical properties indicated that it was mature and the germination
index for Chinese cabbage was 82.5% which may suggest absence of phytotoxic compounds.
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INTRODUCTION

In industrialized countries problems linked to the
increasing production of urban MSW require urgent
response because of various environment problems that
arise when urban refuse is buried in landfills or
incinerated. Finding new dumping sites has become
more difficult moreover landfills are also becoming
increasingly, expensive, as a result of the rising costs
of construction and operation [24] Incineration ashes may
contain hazardous materials, including heavy metals
and organic compounds such as dioxin, exposing
human and animal life to various risks [7]. Recycling of
domestic urban wastes has been indicated as a disposal
solution [15,25]. For this reason, composting of the
organic fraction of the solid waste refuse should be
encouraged [6,21]. This is well known fact that
composting is one of the most suitable ways of
converting organic waste into more stable products
which are safe and beneficial to plant growth as well
as an environment friendly and economically alternative
method for urban solid waste management. Composting
is a biochemical process converting various components
of organic wastes into relatively stable humus- like
substances that can be used as a soil amendment or
organic fertilizer [16]. It is an important option for both
suitable waste management and sustainable agriculture,
compost has numerous benefits and nearly all crop

farmers like to apply good-quality compost. Its benefits
include improving soil properties; maintaining stable
soil moisture content, preventing soil borne diseases
and acting as buffer to facilitate gradual release of
plant nutrients. A decrease in the content of organic
pollutant and reduction in the bioavailability of metal
trace element during the composting of urban waste
has also reported [18].

The success of composting is linked to the quality
of final products, especially its stability. Spreading
immature or unstable compost can generate serious
problems of hygiene and phytotoxicity [11]. The
reliability of individual indicators for the determination
of compost maturity is debatable. So several parameters
are often considered together. Numerous researchers
[15,14] have suggested the use of different maturity
indices C/N ratio, humification indices and germination
indices). The objective of this study was to determine
the physico-chemical characteristic of MSW during
composting. The evaluation of compost maturity was
assessed from measurement of various types of
humification indices.

MATERIALS AND METHODS

Jabalpur is one of the four major cities in Madhya
Pradesh (India) with a population of approximately
above the ten lacks. The current solid waste generation
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from the city is about 450 tone /day. This waste is
disposed by open dumping site at the Ranital dumping
site. The Ranital dumping ground is low lying and
poorly drained being occupied by extensive areas of
marshy land permanently wet and seasonally inundates.
Total area of this site is about 100 ha in which about
75 ha is used for dumping. The Municipal solid waste
(MSW) used in this study was collected from the
different garbage centers of Jabalpur city. The collected 
mixed MSW was first hand sorted, shredded and then
composted in trapezoidal cross section windrows 25m
x 3m x 2m (length x width x height) throught the
composting process [22]. The windrows were turned
using a loading shovel twice a week for the rapid
composting and then, the material was allowed to
mature for a period with no turning. The temperature
was monitored daily using Rayteck infrared
thermometer placed near the center of the pile at six
different points along its length. 

Physicochemical Analysis of Composting: A
representative samples were taken from the
homogenized pile for physical and chemical parameters
analysis. Samples (250 g) were taken from 10 different
points of the compost pile (bottom, surface, side and
centre) at each stage of composting, which are 0, 20,
40 and 60 days of composting. The samples were
screened through a 0.2 mm sieve and kept refrigerator
for physico-chemical analysis. The pH and electrical
conductivity (EC) was measured for 1:5 ratio samples
and distilled water using pH and EC meter
respectively. The moisture, ash, Total organic carbon,
total kjeldahl Nitrogen, C/N ratio, Phosphorous,
Sodium, Potassium, Calcium, Magnesium percentage
and heavy metals (Fe, Cr, Cd, Ni, Pb, Al, B, Cu and
Hg) content before and after composting determined as
per the standard methods [5,10]. Humic carbon extracted
by 0.1 M NaOH solution was measured after oxidation
by KMnO4 

[23].

Germination index: The germination index was used
the inhibitory potential of the compost extract. Seed
germination test was carried out with Chinese cabbage
using compost substrate extract. Two gram of oven
dried compost was placed in a test tube with screw cap
and 20 ml of distilled water was added, the tube was
then placed on an electric rotator at 125 rpm for 1
hour. The supernatant was decanted and centrifuged at
1000 rpm for 10 minutes and filtered through whatman
paper. 2 ml of filtrate was diluted with 1 ml Petri dish.
Ten seeds of Chinese cabbage were then placed on the
filter paper; another filter paper was mistened with 3
ml distilled water and 10 seeds and was used as a
control the percentage of germination was measured
after incubating the covered Petri dishes in the dark at
28 oC for 4 days as per the method [2].

RESULTS AND DISCUSSION

Ecofriendly management and recycling of
Municipal solid waste is a vital for supplementing plant
nutrients and maintenance of soil productivity. Organic
matter resources have therefore to be identified,
characterized and utilized in the crop production
practices suitably. Large quantities of waste materials
are originated from forms and agro based units or from
industries need to be evaluated to meet plant nutrient
requirements.

Physical composition of MSW: Municipal solid waste
composition was observed very demographically. Prior
to segregation, the solid urban wastes consisted of
some reusable material such as plastic,  metals, glass
and paper which totally constituted to about 53%. This
was separated and further used in recycling industries.
Vegetable matter and other decomposable is the
predominant constituent which are present to an extent
of 47%.

Physicochemical Characteristics of the Matured
MSW compost: The main physicochemical properties
of the before and after composting at different times of
the process are presented in Table 2. The pH values
were within the optimal range for the development of
bacteria 6-7.5 and fungi 5.5-8.0 [12]. Two phase of the
composting process were recorded: a phase of
stabilization (about 30 days), where the temperature
peaked at 54 oC after 30 days of processing and pH
was slightly decreased 7.65, a phase of maturation
(about 60 days), characterized by a temperature plateau
at 36 oC and slightly acidification of the medium 7.85.
The physicochemical variation in the C/N ratio from
308.3 to 25 and the percentage of ash reflect microbial
decomposition of organic matter and stabilization
during composting. The change in the pH, temperature,
EC, percentage of ash, total organic carbon, total
kjeldahl nitrogen and C/N ratio throughout the
composting process shown in (Fig. 1) The decrease in
total organic carbon and increase total kjeldahl nitrogen
during composting was caused by the decrease in
substrate carbon resulting from the loss of CO2 

[12,26].
Inorganic nitrogen are usually affected by the action of
proteolysis bacteria and fungi which is partly
incorporated into stable organic forms such as amide
and hetrolytic nitrogen. Organic matter decomposed and
transformed to stable humic compounds [19]. Humic
substances have a capacity to interact with metal ions,
and the ability to buffer pH and to act as potential
source of nutrients for plants. Electrical conductivity in
a water extract of final product did not exceed the
salinity limit value of 3 μs/cm to be used in good
fertilizer [20]. Available and Total organic carbon, total
kjeldahl  nitrogen,  C/N  ratio, Phosphorous, Sodium, 
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Potassium, Calcium, Magnesium percentage as well as
heavy metals Fe, Cr, Cd, Ni, Pb, Al, B, Cu and Hg
content were more important for use in this material as
mineral fertilizers [1]. Therefore, applications of this
material willl increase the stable organic nitrogen and
humic carbon and improve mineral elements necessary
for plant growth. (Fig. 1) shows the temperature profile
with time for compost development. It was
characterized the temperature up to 64 oC, and then
decreasing it to 35 oC, which indicated the end of the
composting process. It was found that MSW compost
was able to reach high thermophilic temperature due to
its high content of nutrient from organic materials [20].
To maintain a high temperature within the windrow,
the compost heap should be large enough to allow heat
generated by metabolic processes to exceed the heat
loss at the exposed surface [13].

Composting can concentrate or dilute heavy metals
present in MSW lowering the amount of heavy metals
depends on metal loss through leaching. The increase
in metal level is due to weight loss in the course of
composting following organic matter decomposition,
release of CO2 water and the mineralization process
[12,4]. The table 2 shows the total concentration of
metals during composting. The order of total metal
content in the final composted MSW. During
composting, all total metals content decreased. This
could be explained by metals loss through leaching in
the course of composting.

This loss mainly occurred during the thermophilic
phase which could be related to metals release from
decomposed organic matter, an increase in moisture
from 58.4  to 73.5 and change of other oxidic and
anionic condition in the medium increasing so too the
solubility of metals [12,1,3]. The total heavy metals in the
MSW compost showed values significantly lower than
CPCB limits. However, knowledge of the total content
of heavy metals remains insufficient to estimate the
mobility risk, and metal bioavaibiltiy for plants. The
results of the metals analysis on the compost at
different stage of composting show that the main parts
of the metals elements concentrated in the most
resistant fraction are either not bioavaibiltiy, weakly
bioavaibiltiy to plants, and only a week proportion
represent the unstable fraction that is easily
bioavaibiltiy (exchangeable + soluble ).

Aqueous compost extract had a germination index
of 82.5%. A germination index value of above 50%
indicates that maturity was sufficient [8] and
phytotoxicity compounds such as acetic, propionic,
butyric and iso-butyric acid might have not been
metabolized, inhibiting germination [27].

Table 1: Physico-chemical properties of composting at different times 
Properties Day 0 Day 20 Day 40 Day 60

Before composting After composting
Moisture (%) 72.11 54.67 46.37 35.1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Temperature ( oC) 39 62 46 36
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH 7.78 6.77 7.54 7.65
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Electrical-Conductivity (EC) (µs/cm) 1.025 0.958 0.838 0.769
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total Organic Carbon (%) 37 34 29 24
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total Kjeldahl Nitrogen (%) 0.12 1.1 0.97 0.96
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ash (%) 11.36 24.45 29.45 33.95
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C/N ratio 308.3 30.90 29.89 25
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Humic substances 16.3 17.8 21.4 25.3
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Potassium (%) 0.40 0.35 0.35 0.30
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sodium (%) 4.30 3.70 3.20 2.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Calcium (%) 1.30 0.97 0.54 0.43
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Magnesium (%) 0.005 0.003 0.003 0.002
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorous (%) 0.0054 0.0042 0.0037 0.0035
Heavy Metals (mg kg-1)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 1: Continue
Fe (mg kg-1) 19180 17450 14456 11243
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cu (mg kg-1) 101.88 87.15 73.08 60.63
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mn (mg kg-1) 149.37 71.28 34.91 17.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ni (mg kg-1) 36.12 29.51 20.57 12.35
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zn (mg kg-1) 151 81.27 64.12 58.50
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B (mg kg-1) BDL BDL BDL BDL
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Hg (mg kg-1) 3.762 2.941 2.546 2.025
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pb (mg kg-1) 16.65 11.56 8.45 5.625
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Al (mg kg-1) BDL BDL BDL BDL
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cd (mg kg-1) 0.4 BDL BDL BDL
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cr (mg kg-1) 27.77 25.84 23.80 23.30
*BDL below detectable limit
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Fig. 1: Physicochemical variation during composting A- Moisture %, B- Temperature 0C, C- pH, D- Electrical
Conductivity, E- Ash %, F- Total organic carbon, G- Total kjeldahl nitrogen, H- C/N ratio.

Conclusions: The study concluded that the
concentration of heavy metals decreased as the
composting process progressed. The total concentration
of heavy metals in the compost complied with the
standard of the CPCB, making compost suitable for use
as a fertilizer and soil conditioner. The composting
process significantly produced stable and mature
compost and the germination index of Chinese cabbage
significantly encourage the utilization of the compost.
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