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ABSTRACT

Composting of municipal solid waste is a common practice of managing
MSW by which wasteis converted into value added products. About 70 to
80 % of MSW consist of biodegradable waste, which makes them an
efficient compostable material . However, the selection or devel opment of
a suitable composting system is vital for the production of high quality
compost. The process of natural composting is atime consuming process
and in view of the rapid increase in population and subsequent increase in
production of waste, the composting of large volumes of Municipal Solid
Waste by natural process requires a very large area. The focus of this
study was on enhancing the composting process using external microbial
catalysts(EM (A) & EM (B)). Thestudy was carried out in three categories
of waste namely, i) lower income group waste (LI G), ii) higher income group
wagte (HIG) andiii) food waste (FW) for aduration of 45 days. Thenutrients
in the compost were carbon 5.3 to 26%, organic nitrogen 0.54% to 2.3%,
phosphorus 0.20% to 0.86 %, and potassium 0.64% to 1.1%. Composting
using the microbial catalyst EM (B) showed a higher percentage of
compostinginLI1G (97%), in HIG (95%), FW (98%) in 45 days. The study
reveal ed that use of microbial catalyst can enhancethe composting process.
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INTRODUCTION

Municipa Solid Waste Management (MSWM) is
achallenging probleminall the devel oping countries.
Dumping themunicipal solid waste (MSW) in open
dumpsiteisacommon practicefollowedinall coun-
tries. Recently, duetoland degradation and increasein
per capitageneration of municipa solid wastealong
with popul ation explosion, converson of municipa solid
wasteto value added products has becomethefocus

of many devel oping countries. Composting helpsin
managing large quantities of organic wastesin asus-
tainable manner. It isone of thetechnologies of inte-
grated waste management strategies, used for there-
cydling of organic materialsinto auseful product!™.
Composting may be defined asamethod of solid
waste treatment, whereby the organic component of
the solid wasteishbiol ogicaly decomposed under con-
trolled conditionsto astatein whichit can be handled,
stored, and/or applied toland without adversely affect-
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ing the environment!28 defined composting asthebio-
logical decomposition and stabilization of organic sub-
stratesunder conditionsthat alow development of ther-
mophilictemperaturesasaresult of biologicaly pro-
duced heat, to produce afinal product that is stable,
freeof pathogens, and plant seeds, and can be benefi-
ciadly appliedtoland.

Compostingisan efficient way of managing M SW
but time consumption and arearequirement arethemgor
limitations. Thisisdueto thefact that compostingis
dedlingwith asolid substrate, which needsalonger time
to be degraded by microorganisms. In addition, the
heterogeneous nature of MSW dowsdownthe degra:
dation process, sncethe easily biodegradable materi-
alswill be degraded at the beginning of the process,
and after that the more complex organicswill be as-
similated®. Hence, for enhancing the composting pro-
cess proper group of microbeswhich can surviveand
adapt to thevarying conditions of thecompost isvery
much essentid.

Inview of theabovereason, astudy was conducted
on composting of MSW by using two different formu-
lationsof effective microorganisms(A&B). E. M solu-
tionisused asthemicrobial catalyst for enhancingthe
composting process. Theinvestigation wasa so car-
ried out to examine the effect of EM solution on
composting of various categories of MSW.

EXPERIMENTAL

Collection and processing of MSW

Three categories of municipal solid waste were
used inthe present study namely, i) low incomegroup
(LIG), ii) highincomegroup (HIG) andiii) food waste
(FW). Low income group M SW was collected from
Vysarpadi municipality of Chennai city, Perambur
municipality of Chennal and food wastefrom amar-
riage hall in Vysarpadi municipality of Chennai city.
The waste materialswere air-dried and segregated
frominorganic materia ssuch asglasses, plastics, metd
objects and other inerts etc. After segregation, the
waste was shredded for composting process. Micro-
bid catalystsused for thestudy arecommercidly avail-
able EM solutions of two different formulations (EM
(A) & EM (B)).

157

—== Qurrent Research Peper

Experimental set up

Composting was carried out in composting pit of
sizelmx 0.5m x 0.75m constructed using bricksina
compostingyard. About 27 Kgair dried shredded waste
of each category (LIG, HIG and FW) wasfilled sepa-
rately inthecomposting pits. Themicrobia catdyst was
activated in theratio of 1:1:20 (Microbia catalyst,
Jaggery and water) on weight basisfor 7 days. About
200 ml of activated microbid catalyst was sprayed over
al thecomposting materia and | eft for composting for
duration of 45 days. One set in al three categories of
MSW waskept for natural composting without spray-
ingmicrobia catayst and the other withmicrobia cata:
lyst (TABLE 1). The composting materia was periodi-
caly turnedfor proper mixing. Sampleswere collected
from each composting pit on 15", 30th and 45" day
and were characterized for assessing the quality and
rate of composting.

TABLE 1: Combination of M SW and microbial catalyst used
inthestudy

Combination Catl\jgg\yd Microbial Catalyst
LIG Control LIG! Without Catalyst
HIG Control HIG? Without Catalyst
FW Control W3 Without Catalyst
EM (A)-LIG LIG EM (A)*

EM (A)-HIG HIG EM (A)
EM (A)-FW FW EM (A)
EM (B)-LIG LIG EM (B)®
EM (B)-HIG HIG EM (B)
EM (B)-FW FW EM (B)

Yow income group,’high income group,*food waste, “effective
micr oor ganism, Seffective microorganism

Physico-chemical analysisof thecompost

Samplesdrawn from the composting pit wereana:
lyzed for physico-chemicd parameters. pH of thecom-
post was anaysed by mixing compost inwater inthe
ratio of 1:10. The organic carbon content of the com-
post was estimated by Walkley and Black method™,
total nitrogen by Kjeldahl method, total phosphorushby
stannouschloride method®”, potassium by using flame
photometer®. VVolume reduction in the compost was
aso monitored during the period of composting. All the
analysiswerecarried out in duplicatesand theresults
areinterpreted asthe average of thosevalues.
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RESULTSAND DISCUSSION

Composition of themunicipal solid waste

Municipa solid wastefrom low incomegroup and
highincomegroup consisted of smilar quantity of bio-
degradablewaste. HIG waste had more cellul osebased
products such as cardboards and dry plant biomass
whereas LIG waste had slightly more kitchen waste
than HIG waste. Out 27 Kg of LIG MSW collected,
22.75Kgof MSW cons stsof biodegradablewaste, in
HIG biodegradable waste was 22.67 Kg and food
waste cons sted of only biodegradablewastelikerice,
edibleoil, vegetables, pulsesetc. (TABLE 1). About
84% of MSW (LIG and HIG) used for the study con-
sisted of biodegradable material. Higher the percent-
age of biodegradable organicwastein MSW, itisan
excd lent substratefor composting. Another quality for
an excdlent composting isC/N ratio, whichwaswithin
therangeof 30:1. It isone of the most important as-
pects of thetotal nutrient balance. This parameter is
importantin ngthesuitability of agivenwasteas
asubstrate for composting™®. During active aerobic
metabolism, microbesuse about 15-30 partsof car-
bon for each part of nitrogen, i.e., C/N=15to 30°. pH
and moisture content of the M SW used for the study
wasintherange, 6.0to 8.0 and 25 % to 30% respec-
tively.

Variation in or ganiccar bon content on composting

Organic carbon content in the nine composting pit
isrepresented in Figure 1. In general, there was con-
siderable decrease in organic content in all the
composting pits. During L1G waste composting, the

TABLE 2: Composition of municipal solid waste

Low High Food
Composition Income Income Waste
Group (Kg) Group (Kg) (Kg)
Plastics 3.50 313
Paper 2.00 2.25
Organic decomposablewaste  17.50 1425 27.00
Cardboards 1.50 2.40
Iron, Thermocoal & Glass 0.75 120
Bottle
Fabric waste 0.75 0.53
Dry Leaves and coconut
Shals 1.00 1.50
Total 27.00 27.00 27.00
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organic carbon reduced from 25.8%t0 5.6% with EM
(A)-LIG, to 5.3% with EM (B)-LIG and to 7.5% in
LIG Control respectively. In HIG compaosting process,
reduction of organic carbon wasfrom 26.2%t0 6.6%
with EM (A)-HIG, 26.2%to0 6.3% with EM (B)-HIG
and 26.9%to 15.5% with HIG Control respectively.
Inthe case of food waste, therewashigher reductionin
carboninal thecomposting mixture, 66%1t05.9%in
EM (A)-FW, t0 6.9%in EM (B)-FW and to 26% in
FW Control.

Comparing the ninecompodting pits, thecomposting
of MSW using microbid catalyst EM (A) and EM (B)
showed higher reduction in organic carbon up to 85%
in LIG up to 81% HIG and up to 50% in FW from
fifteenth day to 45" day. Inthe case of control, carbon
reduction was comparatively less. Moreover, the
composting by usingthemicrobial catayst wasfaster.
Haug? defined composting asthe biological decom-
position and stabilization of organic substrates under
conditionsthat allow development of thermaophilictem-
peraturesasaresult of biologically produced heat, to
produce afina product that is stable, free of patho-
gens, and plant seeds, and can bebeneficialy applied
toland. Thusinthe present study faster and higher re-
ductioninthecarbon proves proper stabilization of the
organic content.

C/Nratioof thecompost

ChangeintheC/N ratio during thecomposting pro-
cessindl thecomposting pitsisrepresented in Figure

~0.00% -
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'; _ \ ——EM(B}-LIG
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Figurel: Variation in the carbon content during composgting
of MSW
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2. Ingeneral therewas considerabledecreaseinthe C/
N ratioinal the composting process. Reductionin C/
N ratio during LIG compostingwasfrom 31.5t09.8in
EM (A)-LIG 31.3t09.7inEM (B)-LI1G 31.9t013.5
inLI1G Control. In HIG, the C/N reduction wasfrom
32.6t010.5inEM (A)-HIG 32.4t09.5inEM (B)-
HIG 33.2t0 10.6 in HIG Control. In the case of food
waste composting, the C/N reduction wasfrom 43.3
to 10.7in EM (A)-FW, 43.4t0 10.5in EM (B)-FW,
43.1t011.3in FW Control.

In all composts, C/N ratio was below 20 which
indi cate the compost maturity. Similar result wasre-
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Figure 2 : Changes in the C/N ratio of MSW during
composting process

ported during the composting of sugarcaneand coffee
byproducts, but in a longer duration of time*4,
Composting using microbia catayst EM (B) attained
compost maturity inashorter period of time (15 days).
It hasbeen reported that during efficient composting,
the C/N ratio isexpected to decrease because of deg-
radation of organic matter and mineralization®. Present
study also showsadecreasein C/N ratio and EM (B)
proved out to be an efficient microbia catalyst for en-
hancing the composting process. Carbon and nitrogen
arethemost important constituents of organic matter.
Reather thanthetota concentration, theba ance between
organicand minera formswill influencetheagronomic
useof thewastd™. Thelow organic content inthe com-
posts of 45 daysold werevery low, which may be due
to thematurity of thecompost was attained by 15 days.

NPK content in thecompost
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Nitrogen, phosphorus and potassium (NPK) con-
tent inthecompost isrepresented inthe Figure 3. Nitro-
gen content in the compost ranged from 546 mg/Kgto
2300 mg/K g. Among the nine composts, nitrogen con-
tentinal thecontrol compost washigh; moreover FW
control showed ahigher nitrogen content of about 2300
mg/Kg. Inthe other compostswith EM (B) andA, the
nitrogen was minimum of about 546 and amaximum of
about 854 mg/K g. Relatively high nitrogen contentinthe
FW control could beattributed to thedifferencein the
composting materia used. High nitrogeninthe FW con-
trol was dueto the presence of highly nitrogen rich com-
ponentsinthefood waste. Higher nitrogen content inal
the control composting process was due to the slow
composting process. Phosphorus content in the com-
post ranged from 161 mg/K g to 812 mg/K g. Phospho-
rusaso showed asimilar trend asnitrogen. NPK ratio
werefound within theacceptablelimitsasprescribed for
s0il conditioning s milar observation haved so made by
severd other workerg+*", Potassium ranged from 360
mg/Kgto 1090 mg/Kgwith FW control showing higher
potassium content. NPK ratio in the control compost
was higher, whereaswith EM (B) and EM (A) it was
amost smilar. Higher NPK indl thecontrol canbeat-
tributed to thed ow minerdization process.

Per centage of composting

Compostingof MSW by threedifferent methodswas
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Figure3: NPK concentration of the compost
compared onthebasisof Seveanaysisperformed on
45" day of composting. Percentage of composting for
al thecomposting processisrepresentedin Figure4. In
generd, therewas an enhancement in composting pro-
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cessby usngmicrobid catalystincomparisonwiththe
control. Among thetwo microbial catalystsused EM
(B) proved out bedlightly better than EM (A) inenhanc-
ing the composting processreaching 95 to 98%. More-
over among thedifferent waste used therewas ahigher
volumereductionfor foodwasteinwhich microbid cata
lyst was added for composting. Thereduction (98%)
onadry welght basisachievedinthisstudy during food
waste compostingwass gnificantly higher thanreported
for conventional solid-state decomposition of food
wastes (37%)%. Volume reduction while the
composting of MSW wasa so reported in many other
studies*”. Comparing with other studiesvolumereduc-
tion during compostingwashigher andwasachievedina
shorter period of time. Thismay bedueto theenhanced
degradation of MSW by effectivemicroorganism.
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Figure4: Percentageof compostsproduced after four weeks

CONCLUSON

Composting of solid wastein ashorter period of
timeisnecessary for proper management of solidwaste
produced inacity. Timelagfor composting processis
oneof congrantsinMSW compogting. In present studly,
microbial catalysts were used for enhancing the
composting process. Thestudy reved ed that microbial
catayst can bring compost maturity inashorter period
of time. Itisevident from the study that the degradation
of organic matter in MSW was rapid in case of en-
hanced compostingusingmicrobia catay. It wasob-
served that therewas an appreciablereductioninvol-
umein microbia composting of solidwaste.
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