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ABSTRACT

A comparative Study was conducted, to test potential of two earthworm
species (E. foetida and P.excavatus) for vermicomposting of canteen kitchen
waste management generated on university campus. Vermicomposting of
canteen kitchen waste showed better results compared to ordinary
composting. Nitrogen and phosphorous contents showed increased trend
after 60 days of vermicomposting, whereas potassium content was dlightly
decreased in the test pits of P.excavatus and increased in E.foetida as
compared withinitial material. A decreased in organic carbon content in the
waste material was observed to be decreased as compared to initial waste.
The efficiency of both earthworm species was observed to be comparable
without any statistically significant difference. The results showed both
species could be used for management of canteen kitchen waste as com-
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pared to ordinary compost method.

INTRODUCTION

Solid wastemanagement isoneof the biggest envi-
ronmental challengesthat the modern worldisfacing,
mainly dueto increasein population, urbanisation and
changing habits and attitudes. A methodical approach
to handle thiswasteisto treat, reprocess and recycle
organicwasteon siteto produce useful products. Solid
waste arising from human activity has become one of
themg or environmentd i ssuescausing extensivepollu-
tion problem and threat to human health. InIndia, ev-
ery year 30.3 milliontonneof municipa wasteisgener-
ated. Thisisequal to about 350g of daily waste per
person on average’®. Theaverage collection efficiency
for themunicipd solidwaste(MSW) inIndian citiesis
a themaximum 72 %. And dmost 70% of thecitiesdo
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not have adequate waste transportation capacities*?.

Household kitchenwasteisoneof themgjor sources
of municipal solid waste. In India, domesticwasteis
mostly of organic nature and contributes 70 to 80% of
urban solid wastes. Each household of four individuas
generates 0.5-0.75-kg kitchen waste per day®™. The
organic Kitchen waste produced from restaurantsand
canteensformamagjor component of putrefying organic
wastethat end up inlandfill sitesor isdisposed off on
roads desandinwaterways. Themain health problems
are encountered with thekitchen waste,

Traditiondly, eventhough oninsgnificant scae, ther-
mophilic composting iscommonly adopted for treat-
ment of organic wastes or for production of organic
fertilizers or manure. A related technique, called
vermicomposting (using earthwormto breakdown the
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organic wastes) isbecoming popul arl®. Composting
using worms gives the better end product
(vermicastings) than composting dueto the enzymatic
and microbial activity that occur during the process¥.
Earthworms decompose varioustypes of organic wate
materialsand convert them into vermicompost(267:12,
Many studies show that vermicomposting can achieve
safe pathogen level swhich may befacilitated by the
microbia and enzymatic activity with an added advan-
tage of converting theimportant plant nutrientsinto a
moresolublestate, hepingin plant utilisation.

Shivgi University campushasthree Boyshostels,
two ladieshostels, one Vidyarthi Bhavan, onegenerd
canteen and two snack pots on the university campus
of 800 acres. A total of over four thousand individuals
eat dally inthesefacilities provided by hostelsmessand
canteen. Theleftover generated in the canteen and mess
wasthrown in the waste bin or dumped without any
treatment on campus. Thisleadsto foul smell, rodents
and stray dogs problem on campus. Thus canteen and
hostel messleftover wastedisposal wasaserioushedth
and growing nascence problem. Therewasthe prime
need to manage the biodegradable wastegeneratedin
canteen to solvethe pollution problem. It wastherefore
proposed to attempt to solve the problem in home by
applying vermitechnol ogy in cost effective and eco-
friendly manner asdemonstration pilot project.

MATERIALAND METHODS

(a) Vermi-treatment process

A unit with threepitsal having samedimensions
werecongtructed (Platel). Each pit had adimension of
about 90cminlength and 120 cmin breadth. Inthefirst
pit, canteenworkersdumped thewaste, whichissome-
times not properly segregated. Plastic, packing materi-
alswere segregated from thefirst pit and then it was
kept for partial decomposition for 30daysperiod. The
waste dumped in this pit was only the biodegradabl e.
Second and third pitswere used for the vermi-treat-
ment process, in which two different earthworm spe-
cieswereused.

Ineach pit, thefirst layer (bottom layer) was made
by mixing of grassand dried | eaves, whichwas spread
up to 10cm height of pit. Cow dungwas spread onthis
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layer up tothe 10cm layer. Kitchen waste was spread
up to 50cm (i.e. 30cm) and abovethat alayer of 1cm
cow dung was added (Plate). After two to three days
theidentified earthworm speciesi.e. Eiseniafoetida
and Perionyx excavatus wereinocul ated, having the
sameweight adults(clitellum devel oped). About 1500
individualsof both specieswereinoculatedintwo dif-
ferent pits(second and third). Whileinfirst pit waskept
for regular composting, made as the same layers of
bedding material as like vermi-treatment. Regular
composting pit was considered as control (without
worm). Thevermi-treatment process was carried out
for 60 daysin second and third pit.

(b) Chemical analysis

Thechemica anadysisof samplesbeforeand after
vermicompost, was done by using standard methods.
Sampleswerecollected on every 10" day and andysed
for various parameters. pH, total nitrogen, total phos-
phorous, and total potassium were determined after
every 10" day whileorganic carbon, total calciumand
total magnesium were determined after 60" day of
composting .

pH and Organic Carbon, were determined using
pH meter and Wallery back method. Where astotal
Kjeldahl Nitrogen (TKN), total Potassium (TK) and
total available Phosphorous (TP) were estimated by
Kjeldahl, Flame emission Technique, and Spectropho-
tometer. All the sampleswereanaysed intriplicateand
resultswere averaged.

(c) Satistical analysis

Student ‘t’ test was applied to datato determine
significant differences between various parameters of
thetwo species. Differenceswere considered sgnifi-
cant, wherep < 0.05.

RESULTSAND DISCUSSION

TABLE 1 showschangeinthechemica properties
of canteen wasteduring its 60" day of compostingwith
andwithout theearthworms. Theset without earthworms
was considered as control. Species E.foetida and
P.excavatus were used for vermicomposting to check
the efficiency of the two earthworms species in
vermicomposting.
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TABLE 1: Physico-chemical analysisof composted kitchen waste with and without earthwor m at different timeintervals;

(valuesareaverage+S.D.)

Number of Days

Parameter Spedesname oy 10 20 30 0 50 60
Without worm(C) _ 9.85+0.05 9.82:0.053 9.30:0.100 854 £0.060 8.24+0.100 8.12+0.020 8.02+0.040
pH Efoetida - 97240100 9.28:0.027 8.64+0020 824+0191 7.7410132 7.34+0.053
P.excavatus - 96410131 9.15:0.095 8.68:0.053 8.10+0091 7.65:0.030 7.24+0.087
Without worm  0.80:0.07 0.88:0.040 0.96:0.020 1.20+0.060 1.60+0.092 1.62+0.020 1.64+0.040
Total E.foetida 0.04+0.053 1.24+0.087 146:0203 1.68+0122 1.74+0.035 1.84+0.060
nitrogen P.excavalus - 0.08:0.020 1.28:0.080 1.52+0.092 1.64+0087 1.62+0.044 1.68+0.060
Without worm(C)  0.95:0.087 1.10+:0.100 145:0.118 1.61+0.030 1.78+0.060 1.84+0.020 1.85+0.050
Total phosphorous Efoetida - 1200211 1.38:0171 155:0089 18110076 1.84+0.026 1.88+0.072
P.excavatus - 11550050 1.30+0.087 9.65:0030 1.73+0.026 1.79+0.026 1.88+0.072
Without worm(C)  1.54+0.08 1.34+0.087 1.22+0.052 1.17+0.030 1.00+0.035 0.97+0.010 0.80+0.085
Total E.foetida - 1.24+0.053 148:0072 155:0121 1.64+0.144 1.60+0.020 1.64+0.151
potassium P.Excavatus 15240072 1.47+0.052 1.49+0061 1.38+0.072 1.30+0.026 1.32+0.053

(C- Control)

TABLE 2: Changesin physicochemical parameters, during
kitchen waste composting (after 60" day)(n=2)

After 60 days
E.foetida
7.34+0.053
10.8+1.249

Initial Without
worm (C)

8.02+0.040
13.5+0.625

Parameters
P.excavatus

7.24+0.087
12.48+1.952

pH
Organic
carbon
Totd
Nitrogen
Tota
Phosphorous
Tota
Potassium
Tota
calcium
Tota
Magnesium
(C- Control)
Unpd atabl earometi c substances produced both by
plant material and micro organismsat early stages of
decomposition asrecorded earlier!”. With the advanc-
ing progress of decomposition pH of themateria de-
creased dowly, with alower trend in the experimental
et (>7.3) in comparison with control (>8.0) up to 60
days. CO, and organic acid produced during microbia
metabolism probably decrease the pH during
composting. Itislikely that the comparatively lower
pH (nearly neutrd)) during vermicomposting processis
duetotheadditiona contribution madeby earthworm.
Inthe experimental set of E.foetida, carbon level
showed Statisticaly significant decreasetrend ascom-
pared with control (p<0.05), while in case of
P.excavatus organic carbon level wasnot significantly
different (p>0.05). Decreasing trend of the carbon con-
tent during composting indicated degradation of waste.

Carbon level decreasein the control and experimental

9.85+0.050
37.810.721

0.80+0.072 1.64+0.040 1.84+0.060 1.68+0.060

0.95+0.087 1.85+0.050 1.88+0.072 1.88+0.072

1.54+0.087 0.80+0.085 1.64+0.151 1.32+0.053

4.73+0.090 5.24+0.088 2.80+0.529 2.90+0.200

0.55+0.141 0.66+0.131 0.48+0.080 0.44+0.139

(withworm) setsascompared withinitid vaues. These
resultsindicated that earthworms accel erated the de-
composition process of the organic matter.

Totd nitrogen content wassignificantly increasedin
theexperimentd setsof E. foetidathanin control, while
thisvauedid not significantly differ than control (with-
out worm) and in experimental set of P.excavatusspe-
cies. Thehigher percentageof nitrogenwasobtainedin
the experimenta setsof E.foetida species1.84 (+0.060)
N% thanin control 1.64 (+0.040) N% and P.excavatus
1.68 (+0.060) N%. Therelatively high level of theni-
trogen in vermicomposting compared to composting
was contributed by earthworm through excretion of
NH,* and secretion of mucus. Nitrogen contentinboth
experimental sets was not significantly different
(TABLE?2).

Tota phosphorouscontent of experimentd set (with
earthworm) aso showed higher vauesthan control. The
decreasing trend of phosphorous was in E.foetida
(1.88+0.072) = P.excavatus (1.88+0.072) > control
(1.85+0.050). Whileval ues of the phosphorous com-
pared with two experimental setswasal so not signifi-
cantly different. Ghosh et a1 reported higher levelsof
transformation of phosphorousfrom organic toinor-
ganic state and thereby into available forms during
vermicomposting ascompared to ordinary composting.
Same observation wasrecorded in this experimenta-
tionaswell.

When compared with experimental set and con-
trol, total potassium content did not show asignificant
differenceinit. In both experimenta sets, tota cacium
vauesweresgnificantly different than contral. It showed
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decreased trendsthantheinitial vaues. Calcium values
werenot significant different i. e. samein comparison
of both experimental sets. Total magnesumvaluesin
theexperimenta setsand control werenot significantly
different whenthesameresultswere observedin com-
parison of two experimentd sets. Total magnesumva-
uesin experimental set of E.foetida and control were
sgnificantly different.

Increased NPK content in the compost was ob-
served by Parthasarathi and Ranganathan*”. Tripathi
and Bharadwaj™¥ also observedincreased inNPK in
the composting materid taking cow dung using the spe-
cies Eiseniafoetida. In thiswork increased in NPK
during the course of compost has also been observed.

Changesin thebiomassof earthworm

During the vermicomposting changesin the earth-
worm biomass (n=10) were observed. Averageinitial

TABLE 3: Changesin thebiomassof two earthwor m species
after ver micomposting (n=10)

Species Initial weight (gm) Final weight (gm)
E.foetida 0.260 +0.012 *0.397+0.077
P.excavatus 0.269+0.014 *(0.468+0.086

*Significantly increased values ‘t’ test p<0.05

biomass of the E.foetida specieswas 0.260 (+0.012)
gm and P.excavatus was 0.269 (+0.014) gm. After
60" days of vermicomposting period, biomassof these
specieswasincreased i.e. (E.foetida 0.397(+0.077)
gm, P.excavatus 0.468 (+0.086) gm respectively.
After Vermicomposting thetwo earthworm species
showed dtatistical increase (p<0.05) in biomasswhen
compared withtheinitial weight of thespecies. Thebio-
mass of the E.foetida and P.excavatus species were
increased by 52.67 % and 73.97 % respectively as
compared withinitia weight. Comparing both species,
biomass was not significantly different (p>0.05) that
means both the species achieved thesmilar weight af-
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ter 60 daysof composting period and their performance
invermicompostingwascomparable.

CONCLUSION

During the study, the university canteen kitchen
wastewas managed asapilot project on experimental
basis. Theorganic carbon content inthewaste material
wasreduced thanitsinitial concentration after 60 days
period of experimentation, which indicates decompo-
sition of wastematerial. Vermicomposting of canteen
kitchen waste showed better results compared to ordi-
nary composting. Nitrogen and phosphorous contents
showed increased trend after 60 days of
vermicomposting, whereas potassium content was
slightly decreased in the test pits of P.excavatusand
increased in E.foetida ascompared with initial mate-
rial. Theefficiency of both earthworm specieswasob-
served to be comparable without any statistically sig-
nificant difference.
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