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ABSTRACT 

The studies were conducted on municipal, agricultural and mixed solid waste. 
Sewage sludge was mixed with each of the above said waste in different proportion, 
to compare the technical viability of an integrated system of composting. Waste 
were mixed in 0%, 10%, 20%, 30% proportion with the sewage sludge, collected 
from waste water treatment plant. It was allowed to decompose for about 20 days 
aerobically and then transferred to vermipits. Chemical analysis of sample shows 
the significant decrease in carbon content and good amount of N, P, K content in the 
final compost. Pre-aerobic decomposition for 20 days followed by vermicompost 
reduces the overall time required for composting (30 days), when compared to 
windrow composting, which requires about 80 days to get the final product. Hence 
vermicomposting can be suggested as a better method of solid waste treatment, 
which is one of the major issues now a day. Mixing of sewage sludge with the 
wastes show increase in nutrient content beside solves the problem of sludge 
disposal. 
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INTRODUCTION 

Solid waste can be defined as unwanted 
wastes leaving behind after serving a specific 
beneficial use. But nothing is waste in the 
world; waste can become a valuable resource 
rather a form of wealth, if it is scientifically 
managed like composting.  

Solid waste consists of organic matters, 
which under goes degradation and produces 

foul smell, if not properly managed. Hence 
emphasis has to be given for solid waste 
management. Among the elements of solid 

waste management, disposal is a very 
attention required part as it can cause health 
hazard. Composting is not a method of waste 
disposal but it is a method of waste 
recycling. This type of recycling rather than 
waste disposal conserves the nutrients got 
wasted in landfill and also reduces the load 
on landfill site. 

Vermicomposting is a biotechnology in 
which earthworms eat the organic matter 
present in the solid waste, which undergoes 
complex bio-chemical changes in their 
intestine. Then it excretes in the form of 
black granular casts, technically called as 
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vermicompost. Radha D. Kale1 worked on 
vermiculture and has demonstrated the very 
considerable economic potential of using 
earthworms to convert a wide range of 
organic wastes including urban solid waste 
into valuable and efficient plant growth 
media. 

Aerobic decomposition accelerates the 
rate of decomposition in which high 
temperature attains within a week, which is 
necessary for the speedy destruction of 
pathogens, insect eggs and weed seeds. 
Various studies have shown that 
vermicomposting of organic waste 
accelerates organic matter stabilization 
(Frederickson et. al., 1997) and gives a 
product rich in nutrient value, which also has 
a high content of microbial agents and 
stabilized humic substances(Raghunath 
Reddy,2002). Rather than complete aerobic 
decomposition (Windrow composting), 
preliminary aerobic decomposition of wastes 
followed by vermicomposting also 
accelerates the composting process. Thus 
reduces the time required for composting 4. 

Solid waste management is an obligatory 
function of urban local body. But most of the 
urban local bodies fail to give good 
sanitation to the society. Now, by the order 
of Honb’le Supreme Court more importance 
is giving on solid waste management by 
State government and also every urban local 
body. 

Municipal solid waste is one of the 
potential organic nutrient residues, which 
upon recycling leads to valuable compost. 
Agricultural wastes generated in villages and 
municipal markets waste contains more of 
bio- degradable matter. If it is composted 
separately other than mixing with city waste 
gives better quality of compost. Sewage 
sludge of wastewater treatment plant also 
rich in nutrients and microorganisms. Mixing 
of sewage sludge with city and agricultural 
waste increase the microbial action and 
reduces the stabilization time.  

AIMS AND OBJECTIVES 
 To compost municipal, agricultural and 

mixed waste by aerobic and vermiculture 
method. 

 To study the effect of mixing sewage 
sludge with the above said wastes. 

 To study the effect of temperature, pH, 
C:N ratio  on decomposition and to study 
the nutrient value in composted 
materials. 

MATERIALS AND METHODS 
Representative samples of city waste 

were collected from municipality truck, 
which collects waste from residential area. 
Representative samples of agricultural 
wastes were collected from municipality 
markets and agricultural fields. City and 
agricultural waste were mixed in equal 
proportion to prepare the mixed waste. 
Sewage sludge was collected from sludge 
drying beds of Bangalore Water Supply and 
Sewerage Board (BWSSB). Earthworms 
belonging to species Eudrilus Eugeniae, 
Perionyx excavatus were used for the 
experiment, as they were capable of 
inhabiting waste containing variety of 
organic material, tolerant to temperature 
variation, they grow in faster rate and also 
reproduce rapidly.  

In the first set of the experiment about 
500kg each of city waste, agricultural waste 
and mixed waste were used without adding 
sewage sludge. In the second set of the 
experiment about 1500kg each of city waste, 
agricultural waste and mixed waste were 
taken. These are mixed with sewage sludge 
in 10%, 20%, 30% proportion, partly 
degraded for about 21days and then 
transferred to vermipits. Concrete yard was 
selected for preliminary aerobic decom-
position and then vermicompost was done in 
vermipits of 0.5m*0.5m size under the 
shelter to protect the worms against sunlight 
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and rain. All experiments were carried out in 
triplicate. 

Aerobic condition enhances the net 
production of short chain fatty acids and 
lowers the pH. Hence to maintain aerobic 
condition in preliminary decomposition stage 
turning was done manually twice per week 
and temperature of 40C- 60C was 
maintained for 3 weeks. Moisture content 
maintained throughout the process was 40-
60%. After 3 weeks waste became soft and 
shifted to vermipits. 

Phase I : Favorable conditions for the 
introduction of earthworms taken for the 
study were reported that temperature <30C 
and pH 7.0-8.5. To maintain these conditions 
in vermipits, it was watered for 3days, 
mainly to reduce the temperature of the 
waste. A spray of thin cow dung slurry was 
done to make waste palatable to worms and 
also to increase microbial population. About 
1kg of earthworms was introduced to the pit. 
Moist gunny bags were placed on the top 
surface to maintain moisture and shade at the 
top layer of the waste. 

Phase II : First harvest of vermicompost 
was done on 15th day after the introduction 
of worms. Second harvest was on 5th day 
after the first harvest. After that, 
vermicompost was collected twice in a week. 

Each time 10-15cm of black layer of 
vermicast was scraped and made into conical 
shaped heaps. Heaping facilitates the 
earthworms to get back into the subsurface. 
Then the heap was collected and screened 
through 4mm sieve.  

Samples were collected from each set, at 
different stages i.e. before decomposition, at 
50% decomposition stage and after complete 
decomposition and analyzed for N, P, K and 
organic carbon. Samples were analyzed for 
CO2 evolution, temperature, pH, moisture 
content, on alternative days during the 
compost process. 

RESULTS AND DISCUSSIONS 
Physical characteristics of the waste are 

given in the Table 1 to Table 3. Density and 
moisture content of the city, agricultural and 
mixed solid waste were 400.6 kg/m3, 480.8 
kg/m3, 461.8 kg/m3 and 34.8%, 43.8% and 
38.6% respectively. From the table 1 to 3 we 
can conclude that about 70% of the city 
waste, 98% of agricultural waste and 78% of 
mixed waste were compostable. About 300 
kg of compost from city waste, 350kg of 
compost from mixed waste and 410kg of 
compost from agricultural waste were got as 
final product. 

Table 1 : Physical characteristics of city waste (% by wet weight) 

Parameter % by weight Parameter % by weight 
Paper 7.8 Wooden matter 1.7 
Rubber and leather 4.2 Stones and bricks 2.3 
Plastic 6.5 Ashes and fine earth 10.4 
Rags 5.4 Compostable matter 42 
Metals 2.5 Miscellaneous* 15 
Glasses 2.2   

* Miscellaneous includes Cow dung, Leaves (dry), Garden cutting, Fruit, vegetable and Food waste. 

Table 2 : Physical characteristics of Agricultural waste (% by wet weight) 
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Parameter % by weight Parameter % by weight 
Dry leaves 7.8 Weeds 5.9 
Vegetable waste 15.6 Fresh grass 10.2 
Sugarcane trash 10.7 Paper 1.8 

Bananna waste 12.5 Plastic 0.2 
Flowers 3.6 Eucalyptus 2.2 
Ashes 7.2 Cow dung 1.3 
Fruits waste 3 Horse dung 1.7 
Coconut waste 4.3 Others 12 

                 
Table 3: Physical characteristics of mixed waste (%by wet weight) 

Parameter % by weight Parameter % by weight 
Dry leaves 3.4 Paper 6.3 
Fresh leaves 3.4 Plastic 5.2 
Vegetable waste 8.3 Cow dung 3.2 
Fruit waste 6.8 Horse dung 2.3 
Flowers 2.5 Rubber and leather 4.2 
Sugar cane trash 4.7 Rags 5.3 
Banana waste 2.7 Metals 2.1 
Ashes 8.4 Glasses 1.8 
Coconut waste 1.8 Stones and bricks 2.9 
Weeds 5.4 Wooden matter 1.5 
Fresh grass 5.2 Others 12.6 
 
Variation of pH : 

Initial pH of all the wastes was 7.3±0.2, 
which was slightly alkaline. As the 
composting process progress, pH was 
reduced to 6.3±0.3 in the first week. This 
decrease in the pH was due to the formation 
of simple organic acids by fermentation 
process. 

Low pH phase prolongs if the material 
composted under low oxygen condition5, 6. 
The lowered pH in the medium hampers the 
normal activity of worms and decline their 
population1. Therefore proper aeration 
should be given to maintain required pH in 
active degradation period. So aeration was 

done weekly twice to maintain pH between 
7-8. After eighth day pH starts rising and 
finally stabilized at the pH around 8, which 
indicates the completion of degradation 
process (Fig.1). This rise in pH from acidic 
range to alkaline range was due to the 
activity of fungi and other mesophilic 
organisms and also due to the formation of 
Ammonia. Golueke reported that optimum 
pH range for most bacteria is 6-7.5 and fungi 
are 5.5-8. At lower pH in addition to 
bacteria, fungi acted upon the waste material 
and enhance the decomposition.  
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Fig. 1: Variation of pH in Vermi compositing. 

Variation of Temperature : 

 
Fig. 2: Variation of Temperature in Vermi compositing. 

Initial temperature was around 30C in 
the wastes. As the composting process 
progressed the temperature raised to 62 + 
3C in city, agriculture and mixed waste at 
around 6th to 8th day (Fig. 2). This rise in 
temperature is necessary for the destruction 
of pathogenic microorganisms. The rise in 
temperature was due to the heat released by 
the microbial activity in conversion of 
organic matter and also the rate of 
degradation is very high at this stage.  Initial 
mesophilic stage was superseded by 
thermophilic stage at around 21st day. 
Favorable temperature for the earthworms to 
feed on waste is around 30C. So the 
temperature was brought down from 44C - 

45C to 33 + 2C by watering for three days. 
Further the temperature of 30C was 
maintained till the completion of the process. 
By proper watering 40-60% of moisture 
content was maintained throughout the 
process to maintain temperature. 

Madejon et al.,5 suggested that the 
moisture content must be high enough to 
maintain the biological activity but not so 
high to reduce the supply of oxygen needed 
for aerobic microorganisms. In the active 
decomposition stage i.e., during the first 21 
days water molecules will produce during the 
stabilization of organic material. Hence the 
moisture content increases at active 
decomposition stage and temperature 
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decreases from the thermophilic stage to 
mesophilic stage. The excess moisture is 
given out as leachate. Similar rise in 
temperature from 280C to 500C then decrease 
in temperature and stabilization at around 
230C was observed by Raju7. 

Variation of Nitrogen Content : 
As the activity of microbes proceeds 

nitrogen is consumed for their metabolism. 
Nitrogen is also lost due to ammonification, 
which occurred due to high moisture content 
at active degradation stage. Hence Nitrogen 
content decreases at 50% decomposition 
stage (Fig. 3). After the death of microbes 
again they undergo decomposition and 
nitrogen content increases slightly in the 
final product.  

Nitrogen content is high in 
vermicompost compared to windrow 
compost due to the addition of mucus and 
nitrogenous excrements from the 
earthworms. Srikanth8,9 reported similar 
variation in nitrogen content.  
Variation of Organic Carbon and C: N ratio 

Reduction in carbon content was due to 
the utilization of carbon by the microbes, 
which requires carbon as a source to provide 
energy and material for new cell. During 
active decomposition stage, microbial 

activity was more, cell multiplication was in 
faster rate. So, more carbon has been utilized 
at faster rate in this stage (Fig. 4). Hence 
percentage reduction of carbon content is 
high in 50% decomposed stage. As the 
microbial activity reduces after 50% 
decomposition stage rate of carbon content 
reduction also reduces. As the carbon content 
and nitrogen reduces, C:N ratio also reduces 
at 50% decomposition stage. After that 
carbon content goes on reduces and nitrogen 
content slightly increases (Fig. 3 and Fig. 4). 
So, C: N ratio again narrows down from 50% 
decomposition stage (Fig. 5). 

Variation of Phosphorous and Potassium : 
Initial phosphorous content was 0.396%, 

0.283% and 0.212% and potassium content 

Fig. 3 : Variation of Nitrogen. 

Fig. 4 : Variation of Organic carbon. 

Fig. 5 : Variation of C:N ratio. 
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was 1.063%, 0.963% and 0.851% for 
agricultural, mixed and city waste 
respectively. The phosphorous and potassium 
content decreased till 50% decomposition 
stage due to utilization of phosphorous and 
potassium for the metabolism by microbes 
and slightly increased during stabilization 
(Fig. 6 and Fig. 7) due to the death and 
decay of microbes. 

Waste mixed with sewage sludge : 
Increase in nutrient content in the 

compost with no sewage sludge, 10% sewage 
sludge, 20% sewage sludge, 30% sewage 

sludge were shown in Fig. 8 to Fig. 10. 
Chemical characteristics of sewage sludge 
are given in the Table 4. Results are 
tabulated in the Table 5. 

Increase in the nutrient value when 
sewage sludge is added, will depend upon 
the characteristics of sewage sludge. Nutrient 
content increases as the percentage of 
sewage sludge added. The effect of these 
nutrient values on the crops will depend upon 
the characteristics of soil and type of crop on 
which the compost was applied. 

Fig. 6 : Variation of Phosphorous. Fig. 7 : Variation of Potassium. 

 
Fig. 8 : Variation of Nitrogen content. 
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Table 4 : Characteristics of sewage sludge 

N % 1.8 Mg% 3.4 
P % 0.8 Zn mg/gm 8.3 
K % 1.6 Mn mg/gm 12.4 
OC % 18 Cu mg/gm 9.6 
C:N 10 Fe mg/gm 158.4 
CO2 mg/50gm/d 135 S mg/gm 4.6 
Ca % 5.3   

 
Fig. 9 : Variation of Phospherous. 

 
Fig. 10 : Variation of Potassium. 
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Table 5: Chemical characteristics of waste and compost with sewage sludge 

Samples 
N 
% 

P 
% 

K 
% 

OC 
% 

C: N 

CO2 
mg/ 

50gm 
/day 

Ca 
mg/ 
gm 

Mg 
mg/ 
gm 

Zn 
mg/ 
gm 

Mn 
mg/ 
gm 

Cu 
mg/ 
gm 

Fe 
mg/ 
gm 

S 
mg/ 
gm 

IA 0.931 0.396 1.063 26.75 28.73 117 1.34 0.43 5.8 7.1 1.4 124.3 2.6 

IB 0.829 0.283 0.963 28.93 32.39 108 0.98 0.40 5.1 6.2 1.3 114.1 2.2 

IC 0.745 0.212 0.851 29.55 39.66 93 0.86 0.39 4.7 5.8 1.2 103.9 1.5 

50%A 0.649 0.275 0.713 8.40 12.94 198 1.93 0.53 6.7 7.2 2.9 125.2 2.9 

50%B 0.536 0.177 0.674 10.06 18.78 154 1.36 0.50 5.9 7.1 2.2 114.9 2.4 

50%C 0.443 0.136 0.584 11.01 24.8 136 1.14 0.46 5.4 6.9 1.7 104.7 2.2 

FAV 0.791 0.284 0.804 4.98 6.39 93 2.39 0.65 7.2 8.0 4.8 126.3 3.6 

FBV 0.682 0.181 0.783 6.78 9.94 86 1.96 0.62 6.5 7.6 3.5 116.0 3.1 

FCV 0.531 0.148 0.699 6.9 13 74 1.38 0.56 5.9 7.2 2.8 105.6 2.9 

FAV(10%) 0.911 0.314 0.964 5.2 5.35 98 2.92 0.99 8.03 9.24 5.76 142.14 4.08 

FBV(10%) 0.862 0.211 0.943 6.76 7.86 89 2.49 0.96 7.31 8.86 4.43 131.83 3.56 

FCV(10%) 0.711 0.199 0.859 6.67 9.41 84 1.91 0.90 6.74 8.45 3.78 123.46 3.33 

FAV(20%) 1.151 0.394 1.124 5.2 4.5 103 3.45 1.33 8.86 10.47 6.77 157.98 4.52 

FBV(20%) 1.042 0.291 1.103 6.58 6.31 94 3.02 1.3 8.12 10.08 5.43 146.67 3.98 

FCV(20%) 0.891 0.278 1.019 6.68 7.49 89 2.44 1.24 7.53 9.63 4.76 139.29 3.81 

FAV(30%) 1.331 0.474 1.284 5.0 3.76 108 3.98 1.67 9.69 11.72 7.68 173.82 4.98 

FBV(30%) 1.222 0.371 1.263 6.3 5.19 99 3.52 1.64 8.93 11.38 6.32 162.58 4.47 

FCV(30%) 1.071 0.358 1.179 6.7 6.31 96 2.97 1.58 8.32 10.91 5.61 152.96 4.26 

 
IA  - Initial agricultural waste 

IB - Initial mixed waste 

IC -  Initial city waste 

50%A - 50% decomposed agricultural waste 

50%B - 50% decomposed mixed waste 

50%C - 50% decomposed city waste  

FAV - Agricultural vermicompost 

  (without sewage sludge) 

FBV - Mixed vermicompost 

  (without sewage sludge) 

FCV - City vermicompost 

  (without sewage sludge) 

FAV (10%) - Agricultural vermicompost  

  (10% sewage sludge) 

FBV (10%)   -  Mixed vermicompost (10% sewage 
sludge) 

FCV (10%)   -  City vermicompost    (10% sewage 
sludge) 

FAV (20%)   -  Agricultural vermicompost                   

  (20% sewage sludge) 

FBV (20%)   -  Mixed vermicompost (20% sewage 
sludge)  

FCV (20%)   -  Cityvermicompost     (20% sewage 
sludge) 

FAV (30%)   -  Agricultural vermicompost  

                          (30% sewage sludge) 

FBV (30%)   -  Mixed vermicompost (30% sewage 
sludge) 

FCV (30%)   -  City vermicompost    
  (30% sewage sludge)
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CONCLUSIONS 
City and mixed waste consists of about 

70-75% of organic material. Hence it can be 
used for composting. Agricultural waste 
(market waste, chowltry waste etc) is purely 
organic, so it can be used separately to 
produce good quality of compost. It is 
evident from the results that the nutritive 
value of the agricultural waste is higher than 
the city waste. 

 Limiting factors in suggesting 
composting as a solid waste treatment 
methods are odour problem, leachate, and 
unsanitary condition in the compost yard. 
Moisture content, temperature and aeration 
are the three main parameters to be 
controlled to overcome these limiting factors. 
As the waste is shifted to vermipits after 
preliminary decomposition (21days) and as 
there is no leachate production after 
preliminary decomposition and also product 
can be obtained within shorter time 
vermicomposting can be suggested as a 
better method of solid waste treatment for 
every municipality. 

There is a considerable reduction in 
volume of waste material during composting. 
Vermicompost generates better quality of 
compost, which is of considerable value. 
This will generate revenue to municipality in 
addition to solve the problem of solid waste 
disposal. Also the quantity of waste to be 
disposed off in landfill reduced with 
consequent reduction in additional land 
requirement for landfills. 

C: N ratio of raw material is not so high; 
it is feasible to mix sewage sludge with raw 
waste material. Also nutritive value of 
compost with sewage sludge is higher than 

without sludge. By observing the results we 
can conclude up to 30% of sewage sludge 
can be added to waste. In addition the time 
and cost of disposing sewage sludge will be 
saved. 

Quantity of worms increase about the 
three times by the time of completion of 
compost process which can be used on large 
quantity of waste or it is of better salable 
value. The study clearly indicates that the 
bio-remedial recycling of waste will meet a 
part of agricultural input in terms of plant 
nutrients and also it acts as source of organic 
matter, which is considered as “The life of 
soil” besides providing a clean environment. 
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