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Abstract Vegetable waste usually contains high levels of
organic matter, moisture and nutrients that make the waste
unsuitable for disposal in municipal landfills. Composting
of vegetable waste is in practice by many urban local
bodies, and therefore, it was composted along with cow
dung and sawdust in a 550-L batch scale rotary drum
composter. Four different trials of varying waste combi-
nations of vegetable waste, cow dung and sawdust, i.e.,
trial 1 (5:4:1), trial 2 (6:2:1), trial 3 (7:2:1) and trial 4
(8:1:1) were composted by adding 10 kg of dry leaves as
bulking agent with a total mass of 100 kg. With proper
combinations of organic waste mix, a maximum tempera-
ture of 66.5 °C was observed in trial 1 and 61.4 °C in trial
2, when compared to other two trials with prolonged
thermophilic period. Due to such elevated temperature,
higher degradation was observed in trials 1 and 2 with
inactivation of pathogens to considerable amounts. Fur-
thermore, final compost had total nitrogen of 2.31 and
3.01 %, total phosphorous of 4.30 and 3.27 % and final
carbon-to-nitrogen ratio of 15 and 12, in trials 1 and 2,
respectively. Carbon dioxide evolution and oxygen uptake
rate of compost samples was analyzed for its stability and
was observed to reduce completely at the end of 20 days
with lower emission rates.
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Introduction

In India, more than one-fourth of the municipal solid waste
(MSW) produced comprises vegetables, fruits and animal
matter (Sarkar et al. 2010) and the organic fractions of the
MSW makes up 40-85 % of the total waste generated
(NSWAI 2003). Vegetable waste with high biodegradable
organic matter can be successfully composted for its reuse
of nutrients as fertilizer and soil conditioner (Crowe et al.
2002). Anton et al. (2005) had reported that composting of
vegetable waste may reduce the environmental impact on
climate change by 40-70 %, compared to landfilling and
incineration. During composting, the organic matter is
biologically degraded by several groups of microorganisms
to form a final product containing stabilized carbon,
nitrogen and other nutrients in the organic fraction.

During composting, about 50 % of added organic matter
has been completely mineralized due to the degradation of
easily degradable compounds such as proteins, cellulose
and hemicellulose by microorganisms. The final residual
organic matter consisted of humic-like substances which
are highly non-biodegradable and also the most stable
fraction of mature compost (Chefetz et al. 1996). In com-
posting, the organic matter degradation is carried out by
different diversity of microorganisms including mesophilic
bacteria, spore-forming bacteria, fungi and actinomycetes
to transform them into stable humic components (Garcia
et al. 1992; Bhatia et al. 2012). However, the degradation
pattern and humification during composting is considered
to follow different pattern depending on the raw materials
used for composting (Huang et al. 2006).

Decentralized composting of organic waste has several
advantages in reducing the waste quantities that are trans-
ported and also the transportation cost. Moreover, appli-
cation of these types of systems has a positive effect on the
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overall MSW management costs (Kalamdhad et al. 2009).
One of such techniques includes the use of rotary drum
composter. Composting time can be drastically reduced to
15-20 days with higher degradation of organic matter
without any leachate production. And moreover, the final
compost had been completely stabilized with lower carbon
dioxide (CO,) evolution and oxygen uptake rate (OUR).
Organic fractions of MSW, vegetable waste, water hya-
cinth and many other wastes had been successfully com-
posted using rotary drum composter (Tolvanen et al. 2005;
Bhatia et al. 2012; Singh and Kalamdhad 2013). In addi-
tion, Gajalakshmi and Abbasi (2008) have also reported the
possible advantages of composting and the use of rotary
drum for effective degradation process.

Kalamdhad et al. (2008) have reported that the C/N ratio
of 20-25 will be optimum with rotary drum composting.
However, Tchobanoglous et al. (2000) had reported the
production of leachate from organic waste composting with
drum composter (in-vessel), even though low C/N ratio has
been used. Hence, combinations of different waste mate-
rials and optimization of bulking agent addition (sawdust
and dry leaves) during composting process will overcome
this issue. Therefore, the present study dealt with the
composting of vegetable waste using rotary drum in four
different waste combinations including vegetable waste,
cow dung and sawdust, i.e., trial 1 (5:4:1), trial 2 (6:3:1),
trial 3 (7:2:1) and trial 4 (8:1:1), by adding 10 kg of dry
leaves in each of the trial as bulking agent. Compost
quality and stability was studied throughout the 20 days of
composting period with 2-day interval period. The exper-
iments were carried out in the Department of Civil Engi-
neering, Indian Institute of Technology, Guwahati, India,
during the period of April 2012 to August 2012.

Materials and methods
Feedstock material

Vegetable waste was collected from various hostels and
dry leaves from Indian Institute of Technology Guwahati
campus, Guwabhati, India. Cow dung was collected from
nearby dairy farm, and sawdust was collected from saw
mill, Amingaon village, Guwahati, India. Prior to com-
posting, the maximum particle size of the vegetable waste
was restricted to 1 cm for better mixing and degradation.
Before addition of waste into the drum composter, mixing
of waste materials plays a crucial role in degradation pro-
cess. Since cow dung also has high amount of moisture
content as compared to vegetable waste, mixing of cow
dung directly to the vegetable waste will add up more
moisture content, and during degradation, it will result in
leachate production and odor. Sometimes, the added cow
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dung will be adhered along with degraded vegetable waste
resulting in clumps with improper degradation. Hence, the
best practice is to mix manually the cow dung with sawdust
to form as a free flowing material. This type of mixing will
result in lower moisture content, and it should be followed
by the addition of vegetable waste. Dry leaves were cru-
shed manually to smaller pieces less than 1 cm and finally
mixed to the vegetable waste mix so that it provides better
porosity and aeration.

The compost was prepared by mixing different propor-
tions of vegetable waste, cow dung and sawdust mixture in
four different trials: trial 1 (5:4:1), trial 2 (6:3:1), trial 3
(7:2:1) and trial 4 (8:1:1), by adding 10 kg of dry leaves in
each of the trial as bulking agent, with final amount of
100 kg. Table 1 shows the waste composition and initial
characterization of waste materials.

Rotary drum composter design

In order to study the compost stability, a rotary drum
composter of 550 L capacity was used as similar to Ka-
lamdhad and Kazmi (2009). The main unit of the com-
poster, i.e., the drum is of 0.92 m in length and 0.9 m
diameter, made up of a 4-m-thick metal sheet. Drum was
rotated manually once in every 24 h for proper mixing, and
aerobic conditions are maintained by opening up both half-
side doors of the drum after rotation.

Experimental analysis

Temperature was monitored using a digital thermometer
throughout the composting period. Five hundred grams of
each grab sample were collected from six different loca-
tions by compost sampler without disturbing the adjacent
materials. Finally, all the grab samples were mixed thor-
oughly to make a homogenized sample. Triplicate samples
were collected and stored at 4 °C for subsequent analysis.
The stability parameters, i.e., OUR and CO, evolution was
performed as described by Kalamdhad et al. (2008). The
biodegradable organic matter was measured as soluble
biochemical oxygen demand (BOD) (by the dilution
method) and soluble chemical oxygen demand (COD) (by
the dichromate method). Bacterial population (1:10 w/v
waste:water extract) including total coliforms (TC) and
fecal coliforms (FC) were analyzed by inoculation of cul-
ture tube medias with Lauryl tryptose broth and EC med-
ium using the most probable number (MPN) method
(APHA 1995).

Subsamples were air-dried immediately, ground to pass
to 0.2-mm sieve and stored for further analysis. The stored
subsamples were analyzed for the following parameters:
pH and electrical conductivity (EC) (1:10 w/v waste:water
extract), total nitrogen (TN) using Kjeldahl method and
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Table 1 Waste composition and Initial characteristics of waste materials

Trial/parameters

Waste materials

Vegetable waste (kg)

Cattle manure (kg)

Sawdust (kg)

Trial 1 (90 kg) + 10 kg dry leaves 45 36 9

Trial 2 (90 kg) + 10 kg dry leaves 54 27 9

Trial 3 (90 kg) + 10 kg dry leaves 63 18 9

Trial 4 (90 kg) + 10 kg dry leaves 72 9 9

pH 5.23 £0.02 7.92 £ 0.01 6.86 £ 0.02
Electrical conductivity (dS m™ Y 1.88 + 0.01 3.10 £ 0.02 1.06 £ 0.02
Moisture content (%) 91.20 £+ 2.22 75.14 £ 0.52 41.02 £ 0.32
Ash content (%) 10.12 £ 0.16 38.22 £+ 2.12 1.90 £+ 0.12
Total organic carbon (TOC) (%) 49.84 £+ 2.22 3222 + 1.24 5344 + 1.22
Total nitrogen (%) 2.59 £ 0.07 1.35 £ 0.20 0.55 + 0.02
Nitrate nitrogen (NO3—N) (%) ND ND ND
Ammonical Nitrogen (NH,—N) (%) 0.65 £+ 0.04 0.36 + 0.04 0.23 + 0.03
Total phosphorous (mg L™") 6.6 £ 0.25 7.8 £0.41 1.22 £ 0.05
Available phosphorus (mg L™") 1.10 £ 0.14 1.15 £ 0.04 0.61 £+ 0.06
C/N ratio 19 + 0.24 23.46 + 0.40 95 + 2.16
Chemical oxygen demand (COD) (mg LY 4300 =+ 20 440 £+ 16 480 + 30
Biochemical oxygen demand (COD) (mg L 1950 +£ 30 120 &+ 20 250 + 20
CO, evolution (mg g_1 VS day_l) 26 + 2.83 172 £ 0.2 13.2 £ 0.6
Oxygen uptake rate (OUR) (mg g~ VS day ™) 294 £ 0.8 18.9 £ 0.7 10.9 £ 0.54
ND not detected

ammonical nitrogen (NH4-N) was analyzed by KCL ——Trial 1
extraction method. Volatile solids (VS) were determined ——Trial 2

by loss ignition method (on dry mass basis) at 550 °C for ——Trial 3

2 h. The total organic carbon was calculated from VS. —eTrial 4

Total and available phosphorus (acid digest) was per- —— Ambient

formed using stannous chloride method (APHA 1995). The
flame photometer (Systronic 128) was used for analysis of
Na, K and Ca concentration, and atomic absorption spec-
trometer (Varian Spectra 55B) was used for analysis of Mg,
Zn, Cu, Mn, Fe, Ni, Pb, Cd and Cr concentration after
digestion of the 0.2 g sample with 10 mL H,SO, and
HCIO4 mixture (5:1) in block digestion system (Pelican
Equipments Chennai-India) for 2 h at 300 °C.

Results and discussion
Physicochemical parameters
Temperature

Figure 1 shows the temperature profile of different trials
during rotary drum composting. In all the trials, a fast
increase in temperature was recorded indicating a higher
microbial activity. Due to the higher indigenous microbial
populations, the initial lag period was not recorded and
early thermophilic period was observed in all the trials.

20 -

Temperature (°C)

0 2 4 6 8 10 12 14 16 18 20
Time of Composting (Days)

Fig. 1 Temperature pattern during composting period

Even though rise in temperature was recorded in the early
stages of all the trials, the temperature pattern was com-
pletely different in all trials during the study, which might
be due to the varying amount of vegetable waste added in
all the trials. A maximum of 66.5 °C was observed in trial
1, 61.4 °C in trial 2, 60.9 °C in trial 3 and 57.4 °C in trial
4. Eventhough maximum temperature was observed in trial
1, maximum soluble BOD reduction was observed in trial
2, while TOC and VS reduction was observed high in trial
1. Gray et al. (1971) have reported that temperature greater
than 65 °C might inactivate the fungi, actinomycetes and
most of the bacteria which play a major role in degradation
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during thermophilic stages and only spore-forming bacteria
can be developed. As soon the thermophilic stage was
achieved in trials 1 and 2, the top layer of the compost was
completely observed with the spores of microbial com-
munities due to such elevated temperature. However, such
findings were not observed in trials 3 and 4. Trial 2 was
observed to maintain a longer thermophilic period when
compared to all other trials. Temperature greater than
55 °C for 2 days would be sufficient to maximize sanita-
tion and destroy pathogens (Petrica et al. 2009). The
present investigation was observed to maintain such ele-
vated temperature more than 6 days and started to
decrease, which might be due to the depletion of readily
biodegradable components. Hence, trials 1 and 2 were
observed to provide higher thermophilic conditions to the
compost when compared to other two trials due to proper
combinations of waste materials.

pH and electrical conductivity (EC)

The changes in pH were observed to carry out the same
pattern in all the trials, ranging from slight acidic to slight
alkaline conditions (Fig. 2). Initially, the pH was in the
range of 6.7, 6.7, 5.8 and 6.4, and finally, it increased
toward alkaline conditions and was in the range of 7.7, 8.0,
7.9 and 7.8 in trials 1, 2, 3 and 4, respectively. The pH
value was observed to maintain constant during the final
stages of composting, which can be attributed to the sta-
bilization of compost and with lower activities of microbial
population. Most compost has a pH value between 6 and 8
(Tiquia and Tam 2000).

Due to higher temperatures during composting process,
loss of organic matter was observed high which gradually
increased the value of EC in all the trials. Figure 2 shows
increase in EC in all trials. The increase in EC can be
considered due to the increase in mineral cation concen-
tration that is not attenuated by salt leaching or by binding
to stable organic complex and majorly due to loss of
organic matter (Francou et al. 2005). The increase in EC
due to degradation of organic matter during composting
process was in accordance with the reports by Singh and
Kalamdhad (2013).

Moisture, volatile solids (VS) and total organic carbon
(TOC)

Organic matter degradation in composting can be viewed
as a result of rise in temperature. As the temperature rises,
loss in moisture content can be observed. Figure 3 depicts
the loss of moisture content during the composting period.
Hence, loss of moisture during the composting process can
be viewed as an index of decomposition rate (Liao et al.
1996). However, the composting material should have
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Fig. 2 pH and EC variation during composting period

minimum moisture content for the survival of microor-
ganisms (Kalamdhad et al. 2008). With higher tempera-
tures in trial 1, it was observed with higher moisture loss of
15.6 % as compared to 9.6 and 7.8 % in trial 2 and 3. In
addition, out of 15.6 % reduction during the total 20 days,
10.5 % was reduced within 10 days of the composting
period in trial 1. This major reduction is mainly due to the
higher temperatures maintained in the compost. Therefore,
it can be considered that higher temperatures in the com-
post environment will lead to major reduction in moisture
content. Due to large amount of vegetable waste addition in
trial 4, release of moisture content was observed high
during the process and the addition of 10 kg dry leaves was
not sufficient. Hence, moisture content reduction was not
observed proper in trial 4. During microbial metabolism,
heat and moisture are released as by-products; in case of
inadequate bulking material, the moisture can be trapped in
the system, and it reduces the temperature in the com-
posting system.

Along with moisture loss, VS reduction was also
observed to reduce drastically due to higher temperature
(Fig. 3). As the composting proceeded, due to active
microbial action on organic content, higher VS reduction
was observed in trials 1 and 3. A maximum of 11.4 and
13.3 % reduction in VS was observed in trials 1 and 3, as
compared to 7.2 and 1.7 % in trials 2 and 4, respectively.
Even though complete degradation of vegetable waste was
achieved at the end of 20 days, the added dry leaves con-
tributed more TOC and VS; hence, reuse of those leaves
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Fig. 3 Moisture content, VS and TOC changes during composting
period

after sieving can be suggested. Therefore, the final compost
was full of partially degraded dried leaves at the end of
20 days, with complete removal of vegetable waste.
However, trials 1 and 3 were observed with higher reduc-
tion when compared to all other trials. Similar studies were
reported by Kalamdhad et al. (2009) on composting of
vegetable waste by adding dry leaves in 3.5-m’ full-scale
rotary drum for 7 days, in which the final compost was
sieved by 0.6-mm sieve and the leaves were reused. Hence,
it can be considered due to elevated temperatures higher
moisture loss was observed in trial 1 and VS reduction was
observed in trials 1 and 3.

The changes in TOC during the composting period are
detailed in Fig. 3. As the composting proceeds, carbon
dioxide is emitted from the composting mass as a meta-
bolic end product. Thus, the total organic carbon content of
the composting decreased with mass reduction (Singh et al.
2009). TOC during composting period was initially in the

range of 40.9, 40.0, 37.3 and 35.0 % and finally reduced to
36.3, 37.2, 3241 and 34.4 % in trials 1, 2, 3 and 4,
respectively, at the end of 20 days. Eventhough dry leaves
were partially degraded at the end of composting, the aim
of adding dry leaves was only to serve as bulking agent, so
it can be reused along with initial material after sieving.
However, vegetable waste was completely degraded at the
end of 20 days. Finally, trial 1 was found to have higher
reduction in TOC when compared to all other trials. Hence,
it can be clearly stated that dry leaves and sawdust con-
tributed to TOC and VS more at the end of composting
period.

C/N ratio, nitrogen (NH4-N and TN) and phosphorous (TP
and AP) dynamics

C/N ratio between 10 and 15 in the compost indicates a
good degree of maturity (Heerden et al. 2002; Singh et al.
2009). Similar results were observed in the present study
with final C/N ratio of 15 and 12 in trials 1 and 2,
respectively. The proper degradation in these two trials
may be due to the appropriate combination of waste
materials. Microorganisms are considered to utilize carbon
as a source of energy and the nitrogen for building cell
structures, thereby reducing the C/N ratio. However, in
trials 3 and 4, not much change was observed. Similar
results were observed during the present study in trials 1
and 2, stating the maturity of compost (Fig. 4).

Figure 4 shows the variation in the ammonical nitrogen
(NH4-N) and TN content. Due to enhanced emissions of
ammonia (NH3) and its transformation to gaseous state,
NH4-N was observed to decrease. The decrease might be
due to NHj volatilization at high temperature and pH rise
which was clearly observed in the study. In addition,
decrease in NH4-N can be considered to be due to immo-
bilization as nitrogenous compounds such as amino acids,
nucleic acids and proteins by microbes as reported by
Sanchez-Mondero et al. (1999). The reduction in NH4-N
was observed from 1.31, 1.41, 1.24 and 1.41 % to 0.85,
0.45, 0.80 and 0.78 % at the end of 20 days in trials 1, 2, 3
and 4, respectively. During the thermophilic phase, the
reduction in NH4-N was observed to follow 42, 77, 19 and
49 % in trials 1, 2, 3 and 4. From the results, it can be
clearly stated that the major reduction in NH4-N has been
occurring during the active thermophilic phase (initial
10 days) of the composting period. Hence, for all trials, the
emissions of NH; and so as reduction in NH,4-N coincided
with the maximum of temperature during the composting
period.

The maximum NH4-N content in mature compost
should be <0.4 % (Zucconi et al. 1981), and the present
study values were not supported. The major focus of the
present work was to process the vegetable waste and
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Fig. 4 C/N, NH, and TN changes during composting period

stabilize it. Hence, the stabilization of compost was
achieved within 20 days using rotary drum composter,
which was the least time reported elsewhere by the authors
(Kalamdhad et al. 2008, 2009; Bhatia et al. 2012; Singh
et al. 2009). Hence, for the stabilization of waste, CO,
evolution and OUR of compost were the major parameters
reported by many researchers (Lasaridi and Stentiford
1998; Knoepp and Vose 2002). In addition, C/N ratio of
final compost within 10-15 represents the stabilized com-
post (Singh et al. 2009) and C/N less than 20 represents
matured compost (Heerden et al. 2002), which was
achieved in the present study. Furthermore, BOD/COD
ratio of 0.02 also represents the stabilization of compost as
reported by Kalamdhad et al. (2009). Moreover, alkaline
pH of the final compost all supports the data. Therefore, the
stabilization of compost was completely achieved and
supported by reports of many researchers as mentioned
above. With respect to NH4-N, a value below 0.04 %
represents the maturity of compost as reported by Zucconi
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Kalamdhad et al. (2009). Hence, with all the reports, the
present has satisfied most of the standards proposed for
stability and maturity.

Transformation of TN depends on the biodegradability
of the materials and the ratio of C/N within the biode-
gradable fraction. TN in all trials was found to increase
during the active thermophilic phase due to high NHj3
volatilization. The increase in TN may be considered due
to net loss of dry mass as CO, evolution and moisture loss
by generation of heat by microbial action on organic matter
(Bishop and Godfrey 1983). Therefore, TN increased from
1.68, 1.82, 1.40 and 1.68 % to 2.31, 3.01, 1.33 and 2.03 %
in trials 1, 2, 3 and 4, respectively, at the end of 20 days
(Fig. 4).

Higher amounts of TP and AP were observed in the
initial period of composting, which might be contributed by
the mix of waste materials in different combinations
(Fig. 5). However, TP was observed to increase from 3.41,
3.26, 2.84 and 2.86 % to 4.30, 3.27, 4.14 and 4.13 % in
trials 1, 2, 3 and 4, respectively, at the end of 20 days. The
increase in TP content is considered due to mineralization
of organic material. The higher mineralization of organic
can be presented well during the thermophilic phase of the
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Table 2 Concentration of micronutrients and heavy metals (dry weight) during composting period
Day Sodium (g kg™") Potassium (g kg™")

541 631 721 811 541 631 721 811
0 125 +0.14 2.72 £ 0.07 2.64 + 0.08 1.49 + 0.03 14.08 £ 0.40 9.25 £ 0.05 16.73 £ 0.77 9.88 + 0.12
20 1.36 £ 0.04 1.75 £ 0.01 243 £ 0.00 2.06 £ 0.01 25.67 £ 0.67 14.72 £ 0.03 13.16 £+ 1.08 14.77 £ 0.35
Day Calcium (g kg™") Magnesium (g kg™")

541 631 721 811 541 631 721 811
0 8.27 + 0.80 4.88 £+ 0.06 11.13 £ 0.30 1.65 £ 0.07 5.40 £ 0.33 5.77 £ 0.03 543 £0.35 4.78 £ 0.09
20 10.36 £+ 0.94 5.64 £ 0.00 28.83 £ 0.16 11.79 £ 0.13 7.41 £ 0.32 7.54 £ 0.06 7.04 £ 0.20 6.28 £ 0.10
Day  Chromium (mg kgfl) Cadmium (mg kgfl)

541 631 721 811 541 631 721 811
0 5475 £3.89 2650 £ 141 6650 424  61.25 +£247 71.00 £ 0.71  70.25 £2.12  68.00 £ 4.95  62.25 &+ 0.35
20 3850 £2.83 3550+ 141 4400 £5.66 30.50 £2.83  68.50 £ 0.71  75.00 &£ 2.83  55.25 £ 0.35  55.25 &£ 1.77
Day  Nickel (g kg™" Lead (g kg™")

541 631 721 811 541 631 721 811
0 0.184 £ 0.010  0.154 £ 0.002  0.154 £ 0.002  0.159 £ 0.004 099 £0.06 086 £0.02 0.83 £0.07 0.75 & 0.04
20 0.191 &£ 0.002  0.181 £ 0.007  0.181 £0.007  0.139 £ 0.010 096 £ 0.05 0.89 £0.04 0.83 £0.03 0.67 &+ 0.13
Day Iron (g kg_l) Manganese (mg kg_l)

541 631 721 811 541 631 721 811
0 11.80 £+ 0.62 691 £ 0.04 1022+ 0.15 9.77 £0.17 0.562 & 0.005 0.674 £ 0.005 0.433 &+ 0.006 0.438 £ 0.006
20 12.40 £ 0.05 10.78 £0.01 11.53 £0.26 8.19 £ 049 0.588 £ 0.004 0.865 &+ 0.006 0.478 £ 0.005 0.481 & 0.007
Day Zinc (g kg_l) Copper (g kg_l)

541 631 721 811 541 631 721 811

0 0.2353 £ 0.0006 0.2629 £ 0.0001 0.2202 £+ 0.0008 0.2209 £ 0.0070 0.15 £ 0.03 0.05 &£ 0.00 0.04 = 0.00 0.04 £ 0.00
20 0.2952 £ 0.0006 0.3531 £ 0.0045 0.2708 &+ 0.0023 0.2474 £ 0.0004 0.05 £ 0.00 0.09 £ 0.01 0.03 = 0.00 0.03 £ 0.00

composting period. Such elevated temperatures were
observed during the initial 10 days of the composting
period due to higher microbial activity. Hence, during the
thermophilic period, maximum increase in TP was
observed in all the trials. Similarly, AP was observed to
increase from 1.41 to 1.49 %, 0.86 to 1.48 %, 1.16 to
1.83 % and 0.86 to 1.48 % in trials 1, 2, 3 and 4, respec-
tively, at the end of 20 days.

Nutrients and heavy metals

Even though nutrient content is low compared to synthetic
fertilizers, usually compost is applied at greater rates with
significant amounts of nutrient content. These nutrients
majorly include nitrogen, phosphorous and potassium
(Darlington 2001). Moreover, these micronutrients and
heavy metals are observed in significant amounts in vege-
table waste, and during composting, it is observed to increase

due to mass loss caused by the mineralization of organic
fractions (Fang and Wong 1999). Table 2 illustrates the total
concentration of micronutrients (Na. K, Ca, Mg) and heavy
metals (Cr, Cd, Ni, Pb, Fe, Mn, Zn and Cu) in trials 1, 2, 3 and
4, respectively, during the 20 days of composting period.
The increase in total metal concentration can be considered
due to loss of net weight during composting. Moreover, few
heavy metals like Fe, Zn, Ca and Mg have been reported to
be of bioimportance to humans in their daily medicinal and
dietary allowances (Singh and Kalamdhad 2011).

Biological analysis

Biodegradable organic matter The organic fractions in
the compost mix can be directly measured as soluble BOD
and COD. The percentage of the readily bioavailable
organics has been considered important for the compost
quality (Bernal et al. 1997). The organic fraction
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Fig. 6 Soluble COD, soluble BOD, CO, evolution and OUR during composting period

degradation can be measured by the decrease in soluble
BOD and COD. With proper mixing and agitation, higher
degradation was carried out during the process by which
the soluble BOD and COD are decreased drastically,
resulting in decreased emission of carbon dioxide, ulti-
mately indicating the stabilization of compost.

Soluble BOD values decreased from 17.35 to
4.92 ¢ Kg~'in trial 1, 9.85 t0 0.65 g Kg~ " in trial 2, 15.18
t04.52 g Kg~'in trial 3 and 15.10 to 4.49 g Kg ™' in trial 4,
respectively, within 20 days of composting period. A
maximum of 93 % reduction in soluble BOD was observed
in trial 2 as compared to 72 % intrial 1, 70 % in both trials 3
and 4. In addition, out of 93 % destruction of bioavailable
organics in trial 2, around 80 % of the total soluble BOD
reduced was observed during the initial 10 days, i.e., during
the active thermophilic phase. Correspondingly, soluble
COD values decreased 44.41-23.21 g Kg~' in trial 1,
33.91-19.95 g Kg~ ' in trial 2, 42.22-25.55 g Kg~' in trial
3 and 38.01-19.94 ¢ Kg~' in trial 4, respectively (Fig. 6).
As compared to all the trials, higher soluble COD reduction
of 47.5 % was observed in trial 1. In other trials, it was in
the range of 41.2, 39.5 and 47.5 % in trials 2, 3 and 4,
respectively. In comparison with all trials, an average of
20-22 % of soluble COD reduction was observed during
the active thermophilic phase (initial 10 days).

In addition, low soluble BOD/COD ratio may indicate
the presence of either organic matter has stabilized such
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that microbial activities have been ceased due to hard
materials at the end of composting period (Mang-
koedihardjo 2006). Similar findings were observed during
the process with reduction in soluble BOD/COD from 0.39
to 0.21, 0.29 to 0.03, 0.35 to 0.17 and 0.39 to 0.22 in trials
1, 2, 3 and 4, respectively. Kalamdhad and Kazmi (2009)
reported that final BOD/COD ratio was 0.02, stating the
stability of the compost. Eventhough the trials in present
study were not similar with such reports, trial 2 was
observed with final soluble BOD/COD of 0.03.

CO,; evolution and oxygen uptake rate (OUR)

The aerobic respiration during composting process can be
directly related by the emissions of CO, by the microbial
activity, and it is measured as the direct method of compost
stability, since it measures carbon derived from the com-
post material being carried out (Kalamdhad et al. 2008).
The compost stability can be directly related to the
decomposition rate of organic content present and expres-
sed by the rate of biological activity. Figure 6 shows the
emissions of CO, during the process. Due to higher
microbial action on organic content of vegetable waste
mix, higher amounts of CO, were observed in the initial
days. As the composting preceded, these emissions were
drastically reduced from 14.9, 7.1, 22.8 and 23.0 mg g'
VS day ! to 2.2, 0.4, 4.1 and 4.8 mg/g VS/day in trials 1,
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2, 3 and 4, respectively, at the end of 20 days. The decrease
in CO, emissions was observed towards the end of com-
posting period stating clearly the deprival of organic con-
tent resulting higher degradation.

With higher biodegradable matter in vegetable waste
and propagation of microorganisms, OUR will be observed
high during the composting process (lannotti et al. 1993).
The rates of oxygen demand will be reduced with lower
food available to the microorganisms as the compost pro-
ceeds. Similar findings were observed in the present study
with initial values ranging in the order of 21.3, 10.1, 16.0
and 12.1 mg g~' VS day~' denoting higher microbial
activity and finally reduced to 4.5, 2.9, 2.6 and 1.9 mg g~
VS day_1 in trials 1, 2, 3 and 4, respectively, at the end of
20 days. The lower values of OUR at the end of 20 days
clearly state that the vegetable waste has been degraded by
the microorganisms and converted to a stabilized compost.
Hence, at the end of 20 days, the compost has been com-
pletely stabilized with lower CO, and OUR values.

Coliform

In composting, elevated temperatures and extended ther-
mophilic stages are involved in the inactivation of patho-
gens and also by the competition with the favored
thermophilic microbes (Yadav et al. 2010). Such elevated
temperatures are observed in trials 1 and 2, with highest of
66.5 °Cin trial 1 resulting in higher removal of TC and FC.
The average number of TC bacteria was initially observed
in the range of 0.93 x 10", 11 x 10", 2.1 x 10" and
1.6 x 102 MPN g*l of wet weight in trials 1, 2, 3 and 4
and finally reduced to 0.21 x 10°, 2.4 x 10°, 1.5 x 10°
and 0.93 x 10* MPN g~ at the end of 20 days. However,
the fecal coliform was in the order of 0.14 x 107,
11 x 107, 0.93 x 10° and 2.9 x 10" MPN g~ in trials I,
2, 3 and 4 and reduced to 0.15 x 10°, 2.4 x 10
0.75 x 10> and 0.75 x 10> MPN g~' at the end of
20 days. The recommended fecal coliform and streptococci
densities for compost hygienization are 5.0 x 10 and
5.0 x 10° MPN/g, respectively (Vuorinen and Saharinen
1997). Hence, it can be concluded that the higher temper-
atures in trials 1 and 2 had played a major role in the
destruction of pathogens.

Conclusion

Proper combination of waste materials in trial 1 (5:4:1),
i.e., vegetable waste, cow dung, sawdust and addition of
10 kg dry leaves as bulking agent, has produced a stabi-
lized compost at the end of 20 days. Addition of bulking
agents such as sawdust and dry leaves played a major role
during composting process by rising to elevated

temperature and maintaining a prolonged thermophilic
phase that was observed in trial 1 with a maximum of
66.5 °C. As a result, higher degradation of organic matter
and inactivation of indicator organisms was observed.
Longer thermophilic phase due to active microorganisms
provided proper degradation in carbon and nitrogen ratio.
With higher reduction in organic fractions, such as VS and
TOC, the final compost was completely stabilized in terms
of lower CO, evolution and OUR. However, trial 2 was
also observed to have similar reductions as in trial 1.
Increase in heavy metals was also observed at the end of
20-day composting period due to loss of organic matter.
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