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INTRODUCTION

Disposal of industrial dudge is becoming a great challenge
to industries due to high cost of sludge stabilization reac-
tors, dehydration systems and transportation of sludge to
disposal site. There is no use of hazardous sludge produced
in common effluent treatment plants due to presence of
heavy metals, high COD and BOD, low pH, high TDS and
TSS. It canonly be disposed off in landfills which creates
many problems in nearby soil by destroying soil fertility
and changing in soil chemistry, land degradation, contami-
nate surface and ground water and also affect public health.
During the recent years, the methodology of sludge man-
agement shifted from conventional methods such as incin-
eration and landfill to the conversion of sludge into nutri-
ent rich products. Composting technology seems to be a
reliable alternative method for managing Industrial waste
and for production of stabilized organic matter (Hajiaet al.
2012). The understanding of organic matter transformation
throughout the composting process and proper evaluation
of the quality of compost from maturity and stability view-
point are essential for successive utilization of compost.
Mokhtari explained the method to evaluate the stability
indices in municipal solid waste composting for selecting
the best index in quality monitoring of the wastes (Mokhtari
et al. 2011). In addition to this, physico-chemical and bio-
logical characteristics of municipa solid waste at different
stageswereinformed by Shymalaand group (Shymalaetal.

Composting of sludge is suitable waste management option as it maintains all essential physico-
chemical parameters, stability parameters and maturity parameters as per standard norms. The present
study was carried out to investigate the applicability of the rotary drum composting technique for the
stabilization of sludge from a Common Effluent Treatment Plant (CETP). Rotary drum composting was
performed in two runs i.e., winter run and summer run. During the whole composting period in the two
runs, the continuous monitoring of the physico-chemical parameters like temperature, pH, electrical
conductivity, volatile solids, total organic carbon, ash content, NH,*-N, NO, -N and phosphorus was
made. All these parameters are in the agreement with recommended standards of the mature compost.
It can be concluded that rotary drum composting could produce acceptable quality of compost which
can be used further as fertilizer or soil amendment.

2012). Dhal et d. (2012) reported composting of water hya-
cinth using saw dust/rice straw as a bulking agent (Dhal et
al. 2012). Composting of tannery wastes in an ecofriendly
method, focused mainly on the heavy metal characteriza-
tion, was explained by Ahmed et a. (2007). Ashbolt et al.
(1982) conducted bench scale system studiesfor composting
of organic waste. Kalamdhad et al. (2012) studied organic
matter transformation during pilot scale rotary drum
composting for different C/N ratiosfor the mixture of grass
cutting mix vegetables waste, cattle manures and saw dust.
Characterization of the sludge generated from paper, sugar
and agro oil industries to assess its agro potential to con-
sider asfertilizer substitute was established by Machiraju et
al. (2011). Maturity and stability parameters of compost
prepared with awide range of organic waste were explained
by Bernd et a. (1997).

Due to industrialization lots of waste is produced, pos-
ing aproblem for their disposal. So the purpose of the present
work is the production of stabilized, matured compost by
rotary drum composting technology using sludge of Com-
mon Effluent Treatment Plant (CETP) and to evaluate
physico-chemical and stability parametersof industrial solid
waste.

MATERIALS AND METHODS

The chemicals, used during the course of present work were
purchased from E. Merck. The reactor was placed inside old
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Hydraulics Lab and analysis was carried out at Environ-
mental Engineering Lab, MNIT Jaipur and Agricultural Re-
search Lab, Durgapura, Jaipur during winter and summer
season (January to April). The main material used in the
study included arotary drum composter, CETP sludge, cow-
dung and sawdust. Sludge was collected from hazardous
waste storage site at common effluent treatment plant,
Bhiwadi, District Alwar, Rajasthan, where effluents come
from various industries such as aluminium, lead, battery,
carbon black, steel bars, chemicals, sun glass, edible ails,
wire and cable industries, etc. The bulking agent saw dust
was collected from awood shop and cow dung from the H-
Quartersat MNIT Jaipur. Thebiological and physico-chemi-
cal analysisof the compost samples collected from thedrum
composter were carried out in PHE laboratory, Civil Engi-
neering Department MNIT and Agricultural Research Labo-
ratory, Durgapura. The physico-chemical and biological
parameters were analysed, by the methods described in
APHA, AWWA, WEF (1995). Theinitia parametersof dif-
ferent ingredients for composting of sludge with saw dust
and cow dung with different combinations according to C/
N ratiosare givenin Table 1.

The sludge, cow-dung and sawdust were mixed into the
drum by meansof ametal container and it can befilled up to
50 % of the total volume, but capacity of filling volume
could be further increased up to 70%. Aerobic conditions
were maintained by opening up both half side doors of the
drum after acertain period of rotation which ensures proper
mixing and aeration. Different combinations of ingredients
were calculated by online calculator in Cornell University
website. The study was conducted in two runs. Run 1: C/N
ratio 25.1037 (in winter season) Run 2: C/N ratio 30.1 (in
summer season). A good composting process requires that
the temperature, oxygen and moisture levels be maintained
uniform throughout the compost matrix. Therefore, the side
doors of the drum were kept closed, two rotationswere pro-
vided manually on a daily basis, whereas the doors were
kept open for the rest of the time for aeration.

RESULTS AND DISCUSSION

Stabilized, matured compost by rotary drum composting
technology was produced from sludge of a Common Efflu-
ent Treatment Plant (CETP) followed by physico-chemical
analysisof variousparameters. Therearetwo distinct phases
in the composting system: the active stabilisation phase
and the maturation period. In this study both the phases
were undertaken in the rotary drum by adjusting aeration
by means of the rotation process. In context to the
composting process, the key function of the rotation wasto
expose the composting material to air, provide oxygen and
release the heat and gaseous products of decomposition.
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Table 1: Initial parameters of different ingredients for composting
process.

Parameter Sludge Cow dung Saw dust
pH 8.44 8.3 6.95
E.C. (mS/cm) 2.73 1.01 0.83
M.C. (%) 73.25 55.75 16.75
V.S. (%) 44.47 78.23 84.1
Ash Content (%) 55.53 21.77 15.9
TOC (%) 24.9 43.8 47.09
TKN (%) 1.22 1.56 0.89
NH,*N (g/kg) 0.092 0.158 0.041
NO,-N (g/kg) 0.877 0.332 0.121
P (g/kg) 5.61 4.76 8.26

The moisture adjusted composting material was supplied to
therotating drum for fermentation. Insidethedrum, thetum-
bling action mixed and agitated the material. The physico-
chemical parameters at different stages during composting
are presented in Table 2.

PHYSICO-CHEMICAL PARAMETERS DURING
COMPOSTING

Temper ature: The temperature observations ware made at
three different locations in the composter, i.e. at its centre
and at two ends. V ariation of temperature of the composting
material withtimeisillustrated in Fig. 1. Actually, two runs
were performed in different seasons, i.e. Run 1inwinter and
Run 2 in summer, so initialy temperature was 15.1°C and
22.3°Cin Run 1 and Run 2 respectively.

The gradual increment in temperature showed the in-
creaseinmicrobial activity. Thefinal temperatureincreased
up to 30.1°C in Run 1 and 38.9°C in Run 2. Here, thereis
sharp increase in temperature in Run 2 from 15 to 27 days
than Run 1. This could be because of the seasonal variation
but study shows that the rate of decomposition was higher
in Run 2 than Run 1.

pH: pH isameasure of acidic or akaline nature of compost
with the progress of composting. pH valuesvaried from 6.98
t08.39inRun 1, and 7.76 t0 8.32 in Run 2 in the first week
of the experiment. At the end of the composting period,
final pH values were measured as 7.03 and 7.06 in Run 1
and Run 2, respectively. The optimum pH values are 6 to
7.5 for bacterial development, while fungi prefer an envi-
ronment in the range of 5.5 to 8.0 (Kapetanios et al. 1993).
The pH was initially low due to the acid formation, then it
increased and at the latter stage became constant. Slight
increase in pH level during the composting process could
be dueto release of ammoniafrom protein degradation (Liao
et a. 1996).

Electrical conductivity: Electrical conductivity value re-
flects the degree of salinity during the composting and in-
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Table 2: Comparative study of physico-chemical parameters in Run 1 and Run 2 during composting.
Days 6 Days 12 Days 18 Days 24 Days 30 Days
Parameters Run 1 Run 2 Run 1 Run 2 Run 1 Run 2 Run 1 Run 2 Run 1 Run 2
Temperature (°C) 20.2 26.1 24.4 27.4 26.9 29.6 28.1 34.9 29.5 37.9
pH 8.39 8.41 7.94 8.51 8.3 8.34 7.13 7.42 7.03 7.06
EC (mS/cm) 1.8 2.47 2.27 2.5 2.08 2.28 2.36 2.04 2.46 2.98
Ash content (%) 62.24 51.99 62.46 54.55 64.99 54.78 67.81 54.56 69.96 55.02
Volatile solids (%) 37.76 48.01 37.54 45.45 35.01 45.22 32.19 45.44 30.04 44.98
Ammonia-N (g/kg)  0.056 0.123 0.055 0.071 0.044 0.063 0.038 0.059 0.018 0.048
Nitrate-N_ (g/kg) 0.066 0.118 0.093 0.165 0.117 0.188 0.136 0.256 0.178 0.308
TOC (%) 21.145 26.885 21.022 25.452 19.605 25.323 18.026 25.446 16.822 25.189
Phosphorus (%) 2.835 3.897 6.935 3.595 8.52 5.15 7.595 8.035 8.63 12.02

dicates its possible phytotoxicity effect on growth of plants
if applied to the soil. Electrical conductivity isthe measure
of asolution’s ability to carry electrical charge, i.e. ameas-
ure of the soluble salt content of compost. The salt content
of compost is due to the presence of sodium, chloride, po-
tassium, nitrate, sulphate and ammonium salts (Brinton
2003). During the study, electrical conductivity values var-
ied between 1.79 mS/cm and 2.46 mS/cmin Run 1 and 1.82
to 2.98 mS/cm in Run 2. As suggested by Campell, the in-
crease in the electrical conductivity during the process of
composting could be due to the effect of the concentration
of salts as a consequence of degradation of organic matter
(Campell et a. 1997). It was found that the increased elec-
trical conductivity shows the availability of macronutrients
and major cations in compost, which was higher in run 2
than Run 1 as shown in Fig. 2.

Total organic carbon: During the composting process or-
ganic matter is decomposed and transformed to stable hu-
mic substances (Prasad et al. 2013). The Fig. 3 shows the
trend of organic matter degradation during 30 day
composting process in two different runs. The content of
organic matter was decreased as the decomposition pro-
gressed asfrom 21.36 %t0 16.82%in Run 1 and 27.87 % to
25.19%inRun 2. Soin Run 1 therewasgreater reductionin
TOC and hence greater decomposition can be predicted. As
per TOC data, observed rate of decomposition, and hence,
rate of the volatilization isgreater in Run 1 thanin Run 2 as
shownin Fig. 3.

Ammonia nitrogen: Ammonia concentration is an impor-
tant indicator of compost stability and maturity. Mostly
ammonia nitrogen present during aerobic composting is
derived from rapidly decomposing waste. When ammonia
concentration decreases and nitrate appears in composting
material, it isconsidered ready to be used as compost. It has
been noted that the absence or decrease in NH,*-N is an
indicator of a high-quality composting process (Hirai et al.
1983). Initially in Run 1, anmonia nitrogen concentration

was 0.085 g/kg and finally reached up to 0.018 g/kg. On the
other side, ammonia nitrogen concentration was decreased
from 0.134 to 0.048 in Run 2 showing the maximum limit
suggested by Zucconi (Zucconi et al. 1987) for a mature
compost (Fig. 4).

Nitrate-nitrogen: Nitrate-N concentration rises gradually
during composting and isalimited factor in assessing com-
post maturity. Morisaki et a. (1989) also reported that the
major decrease of ammonia nitrogen occurred after ther-
mophilic stage leading to an increase of nitrate concentra-
tion through nitrification. In aerobic composting process,
the percentage conversion of ammoniato nitrate was higher
than others due to continuous aeration of compost. Haug
(1993) stated that during the composting process, the ap-
pearance of appreciable quantities of nitrate could indicate
the acceptable maturity of compost. Initially, nitrate con-
centration was 0.0325 g/kg in Run 1 and 0.1012 g/kg in
Run 2. Slight variations were observed in the values of ni-
trate nitrogen during the study period. After 30 days, the
final nitrate nitrogen was found to be 0.178 g/kg in Run 1
and 0.308 g/kg in Run 2. Net increase in nitrate concentra-
tion was observed to be 0.146 g/kg and 0.207 g/kg in Run
2. So it can be predicted that Run 2 has better quality com-
post with the higher nitrate-N content (Fig. 4).

Volatile solids: The content of organic matter was decreased
asthe decomposition progressed. The Fig. 5 showsthetrend
of volatilization during 30-day composting process in two
different runs. Thefinal VS were observed to be 30.04 % in
Run 1 and 44.98 % in Run 2. So, there was net reduction of
7.74% of VSinRun 1, and 4.78 % in Run 2. So, in Run 1
there was greater reduction in VS, and hence, greater de-
composition or volatilization can be predicted. As per VS
data, observed rate of decomposition, and hence, rate of the
volatilization is greater in Run 1 than in Run 2.

Ash content: The ash content is an important indicative
parameter for decomposition and mineralization of the
substrate. Ash content was observed to be increasing with
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Fig. 1: Variation in pH and temperature in Run 1 and
Run 2 during composting.
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Fig. 3: Variations in TOC in Run 1 and Run 2 during composting.

increase in composting time as shown in graph (Fig. 6).
There was 8.1 % increment of ash content in Run 1, and
4.78 % in Run 2. So, Run 1 showed greater rate of
volatilization and simultaneous increase in ash content than
Run 2. During initial to 5 days, Run 1 shows slow rate of
volatilization, but after fifth day volatilization rateincreases,
and hence, ash content also increases. But Run 2 showed
gradual increment in ash content, and hence, volatilization.
Similar observations have also been reported by Singh et al.
(2005).

Phosphorus: Phosphorus is a macronutrient important for
plant growth and maintenance, so it is important in com-
post. Kalamdhad et al. (2012) suggested that phosphorusin
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and Run 2 during composting.

organic matter is released by mineralization process by the
microorganisms. Inorganic phosphorus is negatively
charged and after the reaction with positively charged iron
(Fe), aluminium (Al) and calcium (Ca) ionsformsrelatively
insoluble complexes. When this happens, the phosphorus
is considered fixed or immobile. In this context, phosphorus
doesnot behavelikenitrate, whichisa so negatively charged,
but does not form insoluble complexes. In Run 1, phospho-
rus concentration varied from 2.38 g/kg to 8.63 g/kg. In Run
2, phosphorus concentration varied from 3.59 g/kg to 12.02
o/kg. Therewas 37.19 % increased in phosphorus concentra-
tion in Run 1, and 59.08 % in Run 2. So, Run 2 performed
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during composting.

better than Run 1 as grester increase in phosphorus was ob-
served in Run 2, and hence, greater mineralization (Fig. 7).

CONCLUSIONS

The results of the study clearly indicate that rotary drum
composting technique can transform the sludge produced
from common effluent treatment plants (CETPs) into suit-
able compost. Physico-chemical analysis of compost from
the view point of parameterslike temperature, pH, ash con-
tent, volatile solids, ammonia nitrogen, nitrate nitrogen,
electrical conductivity and phosphorus agreed with recom-
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Fig. 6: Variations in ash content in Run 1 and Run 2
during composting.

mended levels. The physico-chemical parameters suggest
rotary drum composting method as suitable waste manage-
ment option. In produced compost, level of phosphorus sub-
stantially increased, whereasthelevel of TOC substantially
decreased. The composting of CETP dudge produced agood
quality compost with pH (neutral though slightly acidic or
alkaline pH), electrical conductivity (avg. 2.12 mS/cm in
Run 1 and avg. 2.54 mS/cm in Run 2 ) and final tota or-
ganic carbon of 9.02 % in Run 1 and 11.25 % in Run 2. pH
and electrical conductivity were observed in suitable range,
but TOC was less in both the runs as per recommendation
by Official Journal of the European Community (Organic
carbon 20 %). Gradual decreasein ammonia-N and simulta-
neously rise in nitrate-N was observed during composting
suggest maturity of compost. Mineralization in terms of
phosphorus content recommended the use of produced com-
post for plant growth. So, it was observed that based on
physico-chemical parameters, nutrient and trace element
analysis, and stability parameters, the performance of Run 2
(summer run) isbetter than Run 1 (winter run). In compari-
son to traditional composting, the rotary drum composting
is more efficient way due to fast and mixing through rotat-
ing the drum.
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