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ABSTRACT

Inthe modern eraof industrialization, the solid waste such as agricultural waste, municipal solid waste, food waste,
papers waste etc. areincreasing at an alarming rate. The annual production of these wastesin Indiais around one
milliontonsand with only afew modern landfillsavailable, the majority of wasteare till disposed of in dumpswhich
giveriseto other environmental problems such asemission of harmful gaseslike carbon dioxide, ammoniaetc. which
affectsthe environment badly. Therefore the best solution of solid waste management is composting. In the present
work the composting of solid agro waste & food waste incubated with municipal waste was studied. The carbon
dioxide & ammoniaevolved were measured at aregular interval so asto determine the effect of microbial degrada-
tion. It was observed that higher CO, production rates appear due to presence of more readily decomposable
substrate (agro waste) and of a higher microbial population concentration present due to seeding with Municipal
Solid Waste. Similarly the ammonia production rate initially increases due to the presence of higher N, content and
then decreases due to its consumption by microorganism for their survival & growth.
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INTRODUCTION

At present the solid waste management isbecom-
ing aglobal problem in developing countries. Solid
wastes such asfood and yard waste, agricultural waste
and waste paper are clogging landfills. Thisleadsto
problemsinfinding new replacement sites. Theannual
production of thesewastesin Indiaisaround one mil-
liontonsand with only afew modernlandfillsavalable,
the mgjority of waste are still disposed of in dumps.
Accurateinformation about thequantity of industria and
hazardouswagtesislacking. Now aday’s industrial solid
waste, withaTOC content above 200 mg/l intheague-
ousfraction, can no longer be disposed of in the sani-

tary landfill. Theincreasein the production of wastesin
a society can be diminished or even ceased to be a
problemif an added valuewas attributed to them. Ac-
cordingly, such typesof solid wasteshaveto beeither
incinerated or transformed into ahumus-like product
by composting.

Composting isone of the natural bioprocess and
environmentally friendly technol ogy capableof treating
organic wastesthrough the microbia activity, to treat
and recycle organic wastes. Composting can destroy
pathogens; converts nitrogen from unstableammonia
to stableinorganic form, reduce thevolume of wastes
and satisfiesthe needs of fertilizer for agricultureuse
seasondlly.
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The Composting is an aerobic processin which
oxygenisused astheterminal e ectron acceptor. Het-
erotrophic Bactriaand fungi oxidizethebiodegradable
carbon fraction of each substrateto obtain energy for
metabolic activitiesand to build new biomass. Nutri-
ents and oxygen concentrations, substrate moisture
content, the presence of seed and temperaturelevels
play critica rolesin determining thecomposting rate.

The composting process was carried out on the
basisof followingfindingsand guideines:-

1. Moisturecontent wasmaintained from 52%to 60%
(wet basis) do not limit composting of most organic
substance.

2. A minimum of 15% (by weight) of oxygen present
ingdethecomposter hasbeenfoundtonotlimit the
composting process®.

3. A C/N ratio of 25 to 30 has been suggested for
optimum composting®.

4. Researchersgated that thethermophilic tempera-
tureranges (50— 70 Deg. Cent.) occur frequently
in active composted substrate. Schulez!? showed
that at high compost temperature higher oxygen
uptake rates are observed. At temperature more
than 70 Deg. Cent. Decomposition rates decreased
significantly. Asper Arrheniuslaw the biological
reactionrateincreaseswith theincreaseintempera-
tureuptoamaximum leve . And thermophilictem-
peratures are expected to result in higher
composting ratesthan mesophilic temperature.

5. Seeding of substrateswith microorganism derived
from active M SW & supported by food waste ac-
celerate the initial rate of decomposition &
sustainability of the composting process.

The method devel oped here was designed to de-
gradethe solid waste aerobically. A closed batch sys-
tem was used with defined input materia to collect &
measure al gaseous emission per unit of substrate.
Water seed & nutrients are added to the batch at the
beginning of the processbased on the aboveguidelines
obtai ned from theresearchersand excessair was sup-
plied continuously throughout the process.

Thetotd initial & final CO,(C) andtotal initial &
find Carbonwasmeasured until full decompositionwas
reached aswasindicated by termination of measurable
carbon dioxideflow rates.

Thematerid sused in the present investigation con-
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stitutethe chief substrate selected for undertaking the
composting experiments are the Food waste &
agrowaste. All of them arecollated form IPSAcademy
campuslocatedinIndore. They arethetwo mgjor waste
of IPSAcademy campus.

MATERIALS& METHOD

Approximately 10% of each of theindividua sub-
strate used was sampled and subjected to moisture
content and volatilesolids content analysesprior toeach
experiment. Periodically sampleswerea so analyzed
for carbon & nitrogen content. All substrate were
weighed to an accuracy of +/- 2.5 g. The composter is
filled 50% of Food Waste & 50% of Agrowaste crushed
inasize5mmto 10 mm by weight. Theoverdl initia
moi sture content was mai ntained up to 55% to 60% by
wet weight. If found less, water was added by spray
bottle to reach the moisture content of approximately
60% and thematerial wasmixed.

Nitrogen wasadded tofor whichtheinitial average
C/N ratio was higher than 30. Nitrogen wasaddedin
theformof NH,NQ, sdt that wasdissolved inthewa-
ter used to raise the moisture content. The Nitrogen
forms present inthe NH,NO, salt were assumed to be
availableto micro-organisms. A distinct ammoniaodor
wasfelt during spraying of water with the nutrient salts
onthe substratewhilethe digester was open. No phos-
phorusor other trace elements were added to the sub-
strateto s mulate the conditions. Overall dry weight of
the combined materialsused in al runsranged from
1301100 gm. Overall wet weight after addition of
moistureranged from 1.5 Kgto2.5Kg.

SUBSTRATE SEEDING

Seeding was considered necessary to start the de-
composition process and supply an active microbial
population suitablefor composting in areproducible
manner. All thesubstratein dl digester wasseeded with
partially composted MSW collected from nearby area
inorder to enhancethe degradation rate of agro waste.
Approximately 5 Kgof MSW wascollectedand it is
kept in drum digester for 5 dayswithout any prepro-
ng. After 5daysretentiontimetheM SW wasseved
& passed through the 12.7 mm screento removelarger
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piecesof glass, plastic etc. It wasthen stored at 4 °C
for itscontinuousruns. Itisused insmal quantity inthe
ratio of 1:10 as seeding agent. The Food Wastealong
with the seeds already present in the mixture of agro
waste enhances the decomposition of organic matter
content.

Themicroorganismi.e. fungi & bacteriapresentin
the seeding agents secrete od lulaseenzymewhichreadily
digests cellulose and degrade the same quicker. This
hel psinthe present experimentation to reduce, thebio-
degradation timeand enhancesthekineticreactionrate.

To determine the contribution of seed decompo-
sition to total gaseous emission of a seeded MSW
mixture, seed was composted separately. The aver-
agevolatile solids content of seed measured immedi-
ately after collection (i.e. raw) from thefacility was
94% (approx.) +/- 0.19% (dry weight basis). A de-
crease of the volatile solids content of the seed was
found when thesamplesare burnt at 550°C for 1 hour
inand theoven. Thevolatile solids, representing the
organic matter, were steadily decomposed through-
out the experimental period. The maximum decrease
inthe Volatile solidswas achieved during the second
week and third week of the composting period. This
decreaseinthevolatilesolid and subsequent increase
inthe ash content of the sampleindicatesthat thebio-
logical congtituentsinthe M SW werereduced during
the composting.

EXPERIMENTAL WORK

For experimentation experimentd set upisprepared
which cong st of acomposter or digester. Thecomposter
ismadeup air tight stainlessstedl container of 25 liters
capacity havingwater jacket outs dethested container
to circul ate the hot water to maintain theinside tem-
perature of the composter. It containstheremovable
lidwith oneinput & output port. Insidethedigester a
perforated plateof stainlesssteel isprovided to place
the substrate at the height of 4.5 cm above the bottom
of the container. Thisarrangement isdoneto provide
the uniformdistribution of theair throughout the sub-
drate mixtureinsdethe digester.

All thesubstrateis placed inthedigester with the
aluminum packing materid. The packing material was
uniformly mixed with the substrate to approximately

ESAIJ, 7(2) 2012

10%— 15% of the volume occupied by the substrate.
Thepacking materid wasintroduced tofacilitatetheair
flow, preventing the excessive channeling of air at the
sidesof digester and to ensurethe aerobic conditions
were maintaned withinthe substrate. Thisexperimen-
tal setup wasfor asto carrying theoperation batchwise.

Theambient air wasalowedto enter inthedigester
through acompressor operating at positivepressure. A
200 gm activated carbonfilter toretainthe Volatile or-
ganic carbon (VOC) of theambient air was connected.
ThenVOC freeair passed through 500 ml 5N KOH
solutionsto capture ambient carbon dioxide. Itisthen
passesthrough 10 L of distilled water, kept at incuba-
tor temperature, to humidify the substrate and to re-
ducethe excessivedrying. A valve and aflow meter
were connected at theinlet of each digester.

TheVOC trap was placed immediately at theexit
of thedigester. TheVOC trap wasisfilled withan ac-
tivated coconut charcoal to trap or to remove VOCs
for quantification and to partialy remove organic com-
pounds of acidic nature e.g. acetic acid etc. that could
interferewith the CO, quantificationtofollow. Theco-
conut charcod trap consists of a400 mg activated co-
conut charcoa (20 meshto 40 mesh). Thistrapiscon-
nected with abubbler having 750 ml 5N KOH solu-
tiontoretain & absorb carbon dioxidewhich wasfol-
lowed by a500ml 1N H,SO, solutiontrapto capture
ammonia

The concentration of theO,,CO,, CH,, H,and N,
content of the exit gas stream were measured occa
sionaly intheexit gasstream, beforeand after the CO,
trap. These measurementsweredoneto adjust theair
flow rate according to the 15% O, content minimum
level andwereespecidly important duringfirst 15 days
after initiation of arun, asthiswasperiod of highest O,
consumption. These measurementsalso help usinde-
termining the saturation of CO, trap if the CO,wasde-
tected inthe gasstream after theakalinetrap.

When CO, production rate decreased and stabi-
lized at essentidly zero, thedigester wasopened to check
whether thisrate reduction was dueto moisturelimita-
tion. If excessivedrying had occurred, moisture was
uniformly added to achieve moisturelevel of at |east
50% wet weight and the digester operation was con-
tinued. Thereason of excessivedrying of thesubstrate
may bethelessproduction of water dueto low biologi-
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cal activity and the excessiveamountsof air supplied
for thisactivity. Thetotal period of composting was
about 30 days. The experiment wasterminated when
carbon dioxide production rates dropped below ap-
proximately 0.5 g CO, (as C) dry Kg/day and after
ensuring that thiswasnot dueto amoisturelimitation.

Carbon dioxide measur ements

The cumulative mass of captured carbon dioxide
(expressed astota carbon) was measured periodicaly
by removing 3ml of theakainetrap solution diluting it
with 30ml of deionized water and performingtitrations.

Ammoniameasurements
Themassof anmoniacapturedin 1N H,SO, solu-

tionisdetermined by titrating with 0.02N NaOH.
pH measur ement

Theleachate collected asaresult of degradationis
collected every day and its pH ismeasured using pH
Meter so asto determinethe extent of composting. The
amount of materid |eftinthecomposter mainly depends
on theextent of composting.

RESULT & CONCLUSION

Carbon dioxideproduction rateinteractions

Mixtures of components appear to affect the CO,
productionrates. Initialy higher production rateof car-
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bon dioxide was observed duefirst 15 daysof the ex-
periment as shown by the steeper CO, curve slope of
thefirst 15 daysof theexperiment (Figure 1). Because
substrate utilization rates are usually afunction of the
substrate and biomass concentrations, thehigher CO,
production rates appear to be aresult of the presence
of amorereadily decomposabl e substrate (agro waste)
and of ahigher microbial population concentration
present dueto seeding with Municipa Solid Waste.

Ammoniaproduction

Thehighammoniayiddspredicted for food wastes
arearesult of their highinitial N content. Theaddition
of agrowagtein amixturereducesammoniayieldsdue
totherelatively low initial N content of agrowaste de-
pitetheaddition of nutrients. Thisaddition of nutrients
resulted similar totheinitia N contentsof agrowastes.
It can aso be explained by the fact that some of the
externaly added nitrogen (probably nitrates) might have
becomeonly partidly avail ableto theexisting microbia
population and therefore did not enter the N cycle.
Leaching of theammonium nitrate salt to the bottom of
thedigester isa so suspected and could contributetoa
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probablelow initial N content. Nitrogenlosses could
aso have occurred during the addition of NH,NO, to
thesubstrate, prior totheinitiation of arun.
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