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ABSTRACT

The sugar industry semi-solid sludge, despite repeated recycling, requires
treatment prior to disposal. The present study was carried out to dispose
the sugar mill sudge biologically using two earthworm specieslike Eisenia
foetida (exotic species) and Perionyx excavatus (indigenous species). The
sugar mill sludge was mixed with bedding material, by the 5%, 10%, 15%
and 20% (V/V) proportion. During study, al vermi-bedswere analyzed for
chemical changes (i.e. pH, Organic Carbon, Total Nitrogen, Phosphorous
and Potassium) content of waste before and after treatment. The total num-
ber of cocoonwasgreater in 25% concentration of dudgefor Eisenia foetida
species and 10% concentration for Perionyx excavatus species as com-
pared with control. Nitrogen, phosphorous and potassium content of the
wastes were significantly increased after the treatment with two species of
earthworms. The 25% and 10% mixing of the dudge were recommended for
thevermi-culture and vermicompost Eisenia foetida and Perionyx excavatus
species respectively. It could be concluded that sugar industry sludge was
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toxic to aremarkabl e extent.

INTRODUCTION

Rapid urbanization, industrialization, unplanned
growth of human popul ation, misuseand abuse of envi-
ronment hasled to anincreased accumul ation of solid
waste material. Solid waste management in Indiais
emerging and engaging areaof study. However, thepic-
tureisoften confusing and sol utions, fuzzy information
availableinpublic domainiseither scanty or scattered.
Theuseof certainraw wastes of industriesislimited to
only 1.5%"!. Any adventures by man to deviate the
courseof natureare againg the creation of natureitsalf.
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It has been estimated that 8% of India’s lands has be-
come wasteland dueto garbage dumps.

India’s agro-industrial sector contributes huge po-
tentia resourceof plant nutrientsin theform of wastes,
whichiseither thrown away or buried or burnt causing
environmenta pollution. Effluent treetment plants(ETP)
generaly consist of Physical, Chemical and biological
processto treat the wastewater discharged from in-
dudtriesor residentia complexes. Thedissolved organics
inwastewater isgenerated asdudgemainly during the
primary and secondary treatment of wastewater.

The solid wastegenerated from agriculturd activi-
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tiescan bedirectly added to the soil without any proper
treatment asthey do not posses any toxic pollutantg®,
but for thewastelike bio-solidsfrom treatment plants
much attentionisrequired since they can producetox-
icity and have depressive effects on metabolism of mi-
cro-organismg?. During therecent yearsthe method-
ology of solid waste management hasshifted from con-
ventiona disposa strategiessuch asincineration, land-
fillsetc. to conversion of dudgeinto va ue added prod-
uct®¥. Hartenstein™ suggested that, Eisenia foetida
derivesacong derableamount of energy from cellulose
and that it may selectively removelarge proportion of
microbesand ambient cellulose matrix. Earthworm fe-
cundity isoften expressed in variousways, therate of
cocoon production and the hatchling success of these
cocoons and number of offspring emerging fromeach
cocoonsisthefactor determining the number of new
individua s produced per unit timefor aspecific popu-
lation of reproductiveindividuals.

Treatment of sugar mill dudge was brought about
by physical, chemical and biologica processes. Inthe
present work, sugar mill dudge generated in Kol hapur
was subjected to vermicomposting using an exotic
(Eisenia foetida) and indigenous (Perionyx
excavatus) speciesof earthworms. A study was con-
ducted to evd uatethe efficiency of Eiseniafoetidaand
Perionyx excavatus for decomposition of sugar mill
dudgeinto va uablevermicomposting.

MATERIALSAND METHODS

Sugar mill dudgewascollected from KasbaBawda
sugar mill, Kolhapur. It wasandyzed for pH, Totd Solids
(TS), Total Suspended Solids(TSS), Total Dissolved
Solids(TDS), and Chemical Oxygen Demand (COD)
by APHA methods¥. Breedersof Eiseniafoetida (Ex-
otic Species) and Perionyx excavates (Indigenous
Species) were collected from earthworm culture bank
of Ingtitute of Nationa OrganicAgriculture INORA)
Pune.

Bedding material preparation

Thestandard bedding materia wasprepared asfol-
lows (Kavian*¥),
1. Kitchenwaste(40% by volume)

2. Cow dung (40% by volume)
3. Saw dust (20% by volume)
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Vermi-culturetub treatment process

The sugar mill dudgewasmixed with bedding ma:
terial, by the 5%, 10%, 15% and 20% (V//V) propor-
tion and about 2kg of material wereaddto plastic tub
(28cm diameter and 30cm depth). All bedding was kept
for 2week prior to experimentation for thermal stabili-
zation, initiation of microbia degradation and softening
of waste. Sexually immature pre-clitellate Eisenia
foetida and Perionyx excavatus (10 number, 15-18
days old) wereinocul ated separately in each plastic
container having thesameinitial weight 0.152gm and
0.165gm respectively?t. All the culture tubs were
placed in laboratory for 90 days at 28°C to 38°C.
M oisture content was mai ntai ned throughout the ex-
periment around 70-80% by periodic sparing of ad-
equate quantity of water and pH of bedding material
was ranging from 6.5-7.01. The upper surface of the
culturetubswas covered with wiremesh to avoid the
entrance of predators.

The cocoon productionsof earthwormswere mea
sured with greet care. Counting was done by hand sort-
inga weekly intervals. Experimentswerekept intripli-
catefor each trestment aswell asfor control. Vermi-
bed was analyzed for chemical changes(Total Nitro-
gen, Available Phosphorous, and Exchangesbl e Potas-
sium) before and after 90" days.

Satistical analysis

Statigticd anadyssof thedatawascarried out using
Minitab software. Differenceswere cons dered signifi-
cant, where p value <0.05. The datawere tested for
greater hatching percentage using proportiondity ‘7’
test whileANOVA was applied to check for difference
betweeninitid andfina vauesof nitrogenand smilarly
for Phosphorousand Potassium va ues.

RESULTSAND DISCUSSION

TABLE 1 showstheanaysisof thesugar industry
sludge. It showsthe high moisture content and COD -
92000mg/I. Out of total solids of 34,100 mg/l, TDS
21,200mg/l and 12,880mg/l was TSS. The pH was
around 8.0i.e. dkalinein nature. Thetub containing
sugar mill udgeincorporated with standard bedding
material wasinocul ated with two earthworm species
and incubated at room temperaturefor aperiod of 90
days showed interesting results.
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TABLE 1: Physico-chemical characteristics of sugar mill
industry sludge.
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TABLE 2: Reproductivestrategy of twodifferent earthworm
speciesover 90 days.

Sr. No. Parameters Results
1. pH 8.0
2. Chemical Oxygen Demand (COD) 92000
3. Total Solids 34100
4. Total Dissolved Solids 21220
5. Total Suspended Solids 12880
6. Nitrogen (%) 0.35
7. Phosphorous(%6) 0.60
8. Potassium(%6) 0.82

Thereproductive pattern of thetwo earthworm spe-
cies (E. foetida and P. excavates) in different con-
centration of sugar industry sludge amended mediais
illustrated in TABLE 2. Comparative studiesusing two
earthworm speciesand wastewere carried out to evalu-
atethe potential of earthworm speciesin composting
and survivad indifferent concentration of dudgeamended
media Only 100% surviva of theearthwormsoccurred
in different dudge amended concentrations, were se-
lected for further study. When comparing the 100%
surviva of theboth species, E. foetidasurvived a higher
concentration (i.e. 35% dudgeamended media) whereas
P. excavatus survived at |ower concentration of waste
(i.e. 25% dudge amended media). At higher concen-
trations of waste amended media, both speciesshowed
behaviora changesi.e. oozing of cdlomicfluid, shrink-
ing of thebody etc. Sincethese changeswerea so ham-
pering thebiomassof the earthworms, such higher con-
centrationswere not selected for the experiments.

Earthworm in most of the concentrations of the
dudge amended mediastarted to produce cocoon only
after 1-3week. Thisisbecauseit needssomedaysto
acclimatizeto high concentration of sugar mill dudge.
Thehigher va uesrecordedin both theexperimenta sets
(with dudgeamended media) than the control (without
dudgemedia). Thisresult showed theindustrid dudge
media support the growth of both the species. In E.
foetida, maximum number of the cocoons (n=45) was
recorded at 25% concentration of dudgeamended me-
dia. At 10% dudge amended concentration showed
maximum cocoon production (n=30) for P. excavatus
gpecies. Chan et d reportedincreasein number of earth-
worm upto 39.5foldin horsemanure (without wastes)
and 26 foldin cow manure, smilarly the greatest num-
ber and biomassof hatchlingwasrecordedin horseex-
cretafollowed by cow, goat and sheep®.

Earthvx_/orm Concentration Cocoon Juveniles Nonclitellates
species
Control 29 10 7
5% 32 10 7
10% 37 12 8
Eisenia foetida 2% 40 14 8
20% 42 16 10
25% 45 20 11
30% 43 18 8
35% 34 15 9
Control 22 7 4
5% 26 8 5
Perionyx 10% 30 8 6
excavatus 15% 28 7 5
20% 25 6 4
25% 23 5 4

During thisexperimentation, changesin biomassof
the both specieswereobserved (TABLE 3). Themean
initial biomass of E. foetida species was 0.152
(£0.0026) gm and P. excavatuswas 0.165 (+ 0.0046).
After the 90 days of vermicomposting period, biomass
of the E. foetida species showed higher weight [0.273
(£0.003)gm] at 25% sludge amended concentration and
P. excavatus showed higher weight [0.280
(£0.002)gm] at 15% of the sludge amended media.
Vermicomposting thetwo earthworm species showed
datistica increase (p<0.05) in biomasswhen compared
withtheinitia weight of the species. Comparing both
Species, biomasswasnot sgnificantly different (p>0.05)
that means E. foetida and P. excavatus species
achieved thesmilar weight after 90 daysof composting
period and their performancein vermicomposting at
25% and 15% of dudge amended mediawas compa
rable respectively. SpeciesP. excavatus showed maxi-
mum weight (662.05mg) after 120 daysin MIXED
(mixed crop residues+ cow dungin 1:1) substrate®?.

TABLE 4 showschangeinthechemica properties
of sugar industry sludge after 90 days of
vermicomposting period within two earthworm species.
Species E. foetida and P. excavatus were used for
vermicomposting to check the efficiency of thetwo
earthworm speciesin vermicomposting of sugar indus-
try dudge.

Unpad atablearomatic substances produced both by
plant material and micro organismsat early stages of
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TABLE 3: Changesin the biomass of the two earthworm
speciesbeforeand after 90" daysof ver micomposting period.

E. foetida P. excavates
(gm) (gm)

Initial weight 0.152+0.002 0.165+0.004
Control **(.255+0.003 **0.270+0.002
5% **%(0,260+0.005 **%(0,274+0.0035
10% **(0.260+0.005 **%(0,285+0.0026
15% *%%(),263+0.002 **(0.280+0.002
20% *%%(),270+0.004 *0.278+0.0069
25% *%%(),273+0.003 *0.274+0.0017
30% **(.270+0.003
35% **(0.270+0.004 --

(*** Extremely Significant p <0.001, ** Very Significant p =
0.001 to 0.01, * Significant p value 0.01 to 0.05) All values are
the mean of three replicates with + S.D.

decomposition asrecorded earliert™. With the advanc-
ing progressof decomposition pH of themateria de-
creased dowly, with alower trend inthe both experi-
mental setincomparisonwithinitia concentration. CO,
and organic acid produced during microbia metabo-
lism probably decreasethe pH during composting!*?.
Itislikely that the comparatively lower pH (nearly neu-
tral) during vermicomposting processisdueto the ad-
ditional contribution made by earthworm. Decreased
in the pH within two species of earthworm was not
sgnificant. When comparingtheinitial and speciesva-
ues, it wasextremely significant decreased at 25% con-
centration of sludge amended mediathan remaining
concentrationsin case of E. foetida, whereasit wasat
10%in case of P. excavatus species. pH valueswere
decreased sgnificantly inal dudge amended mediain
case of both the speciesrather than control (Without
Sludgeamended media).

Ravindran et al !> observed total organic carbon
was|ower inthevermicompost than that of the control
sample. In the experimental set of E. foetida, and P.
excavatus carbon level showed statistically significant
decreasetrend ascompared withinitia (beforetreat-
ment) concentrations (p<0.05), whilein comparison of
both the species organic carbon level was not signifi-
cantly different (p>0.05). Decreasing trend of the car-
bon content, during composting isindicated degrada-
tion of waste material. Carbon level decrease after
vermicomposting treetment (withworm) compared with
initial values. Theseresultsindicated that earthworms
accel erated the decomposition process of the organic
matter. Similar kind of the resultswere al so reported
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by Sutar’®!, and Guptaand Garg'?.

Totd nitrogen content wassignificantly increasedin
theexperimenta sets(Sludgeamended) thanin control
(without industria dudge). Thisresult showed industria
dudgehel pinimproving thenitrogen content whichis
essentid for thegrowth of plant. Thehigher percentage
of nitrogen wasobtained in theexperimenta setsof E.
foetida species 1.80 (+0.200) N% at 25 % amended
sludgeandin P. excavatus 1.6 (+0.346, +0.036) N%
at 10% and 15% amended sludge respectively. The
relatively highleve of thenitrogeninvermicomposting
was contributed by earthworm through excretion of
NH4* and secretion of mucus. Nitrogen content in both
earthworm specieslike E. foetida and P. excavatus
wasnot significantly different. Total nitrogen content
increased significantly with addition of Ureaupto 2%
in comparisonwith control but decreased thereafter’?4,
loss of nitrogen wasfound morein 4% ureatreatment.
Aslikeearlier study, trendsof increaseand decrease of
nitrogen was observed in present study. According to
Karokin®, the number of cdlulolitic microorganism
conserved nitrogen by decreasing the number of deni-
trifying bacteria

Although earthworm have great impact onretain-
ing nitrogeninnitrateformtheinitia nitrogen presentin
thewasteand the extent of decompositionwill decide
amount of TKN intheVermicompost. Theincreasein
total phosphorous during vermicomposting isprobably
dueto higher phosphatase activity of earthworm con-
tributing to minerdization and mobilization of phospho-
roud®”. Tota phosphorous content of experimenta set
(with dudgeamended) a so showed higher valuesthan
control (without industrid dudge). Thedecreasingtrend
of phosphorouswasin E. foetida (2.6+0.200 at 35 %
dudge amended) >P. excavatus (1.80+0.100 at 10 %
sludge amended). While values of the phosphorous
compared within two species of experimenta setswas
aso not significantly different. Ghosh et . reported
higher level s of transformation of phosphorousfrom
organictoinorganic Sateand thereby into avallableforms
during vermicomposting. Same observation wasre-
corded inthisexperimentation aswell.

Thevauesof the potassium compared within two
species of experimental sets were significantly
different,while experimental setsof the both species
showsincreased intrend ascompared withinitia val-
ues (Beforevermicomposting). Experimenta set of the
E. foetida species showed higher increasein potas-
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TABLE 4: Changesin physico-chemical parameters, duringthesugar industry sudge (beforeand after 90th days(n=2))

Parameters Control 5% 10% 15% 20% 25% 30% 35%
Initial 7.80+0.050  8.10+0.060 8.25+0.265 8.30+0.173 8.36+0.069 8.40+0.132  8.41+0.021 8.42+0.069
pH E.foetida ***7.40+£0.020 ***7.30£0.044 ***7.28+0.020* ***7.26+0.026 ***7.19+0.010 ***7.15+0.036 7.25+0.010 7.25+0.050
P.excavatus ***7.42+0.036 ***7.32+0.053 ***7.20+0.035 ***7.22+0.036 ***7.23+0.020 ***7.25+0.246 - = ----
Organic Initial 35.00+0.265 37.10+0.173 38.00£0.100 38.60+0.087 39.40+0.111 39.90+ 0.265 40.10+ 0.265 40.30+0.100
(C()gbon E.foetida ***28.1+0.020 ***27.8+0.130 ***27.20£0.027 ***26.90+0.174 ***26.40+0.020 ***25.2+0.050 26.40+0.050 26.65+0.092
P.excavatus ***28.3+0.100 ***28.0£0.173 ***27.80£0.017 ***27.80+£0.027 ***29.00+0.218 ***29.6+0.200  ----- -----
Nitrogen Initial 0.50+0.100 0.60+0.020 0.70£0.265 0.72+0.010 0.76+0.020 0.80+£0.173  0.86+0.069 0.90+0.200
(%) E.foetida  **1.40+0.200 ***1.544+0.036 *1.61+0.200* ***1.68+0.035 ***1.72+0.035 *1.80+0.200 1.78+0.020 1.70+1.000
P.excavatus **1.20+0.200 ***1.40+0.020 *1.60+0.346 ***1.64+0.036 ***1.50+0.027 ***1.40+0.346 - -----
Phosphorous Initial 0.70£0.173 0.82+0.040 1.00+£0.173 1.08+0.020 1.12+0.040 1.12+0.030 1.19+0.017 1.22+0.173
(%) E.foetida  **1.30+0.200 ***1.57+0.027 **1.80+0.200 ***1.88+0.017 ***1.95+0.027 **2.00+0.050 1.95+0.100 1.94+0.200
P.excavatus *1.10£0.100 ***1.40+0.010 **1.80+0.100 ***1.78+0.030 ***1.70+0.010  1.60+0.200
Potassium Initial 1.10+0.200  1.14+0.040 1.14+0.040 1.25+0.087 1.54+0.079 1.70£0.173  1.87+0.044 1.90+0.100
(%) E.foetida ***230t0.200 *2.80+0.010 *3.20+0.200 **3.50+0.020 ***3.80+0.020 **4.00+0.347 3.70+0.040 3.50+0.200
P.excavatus **2.90+0.020 ***3.20£0.265 **3.80+0.346 ***3.20+0.173 ***3.20+0.100 3.40+0.300

(*** Extremely significant p < 0.001, ** Very significant p = 0.001 to 0.01, * Significant p value 0.01 to 0.05) All values are the mean

of three replicates with + S.D.
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Figurel: Reproductive strategy of Eiseniafoetida speciesat
different concentration of dudgeamended media

sium content than P. excavatus. Thehighest valuefor
potassium wasobserved at 25% s udge amended con-
centration (4.0+ 0.347) in case of E. foetida whereas
3.8+0.346 at 15% sludge amended concentration in
case of P. excavates. However during earlier studies
the Vermicomposting of livestock excreta using E.
foetida, total potassum waslowed inthefina cast than
theinitial feed whileincreased in nitrogen and phos-
phorous content!”. This conclusionwas supported by
thework of , Whereduring vermi-stabilization of tex-
tilemill sludge spiked with poultry droppings by E.
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Figure 2: Reproductive strategy of Perionyx excavatus
speciesat different concentration of dudgeamended media
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foetida. Thereforethedifferencein the observations
can be attributed to the differencesin thechemicd na
tureof initia raw materid.

Increased NPK content in the compost was ob-
served by Parthasarathi and Ranganathan(??. Tripathi
and Bharadwaj!?"! also observedincreasedinNPK in
the composting materia taking cow dung using the spe-
cies Eiseniafoetida. In thiswork increased in NPK
during thecourse of composting of sugar industry dudge
has al so been observed. The present findingsarein
agreement of Uthaiah®, Jeyabal and Kuppuswamy!*3,
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Parthasarathi and Ranganathan(??  and
Muthukumarasamy et a .1*¥ as quoted by Kitturmath et
al.>, who observed increased nutrient content of
Vermicompost obtained from bagasse and coir waste.

CONCLUSION

Eisenia foetida tol erate to higher concentration of
sugar mill dudgethan Perionyx excavatusspecies. Ad-
dition of sugar industry dudgeto bedding materialsis
helpful for improving reproduction of both the earth-
worm speciesand nutrient contentsalso increased in
vermicompost. Theorganic carbon content inthewaste
material wasreduced thanitsinitiad concentration after
90" days of experimentation, whichindicatesdecom-
position of waste material. The efficiency of Eisenia
foetida and Perionyx excavatus was observed to be
comparablein 25% and 10% sludge amended media
respectively without any statistically significant differ-
ence. Bio-management of sugar mill industry dudgehas
been successfully achieved when thiswaste material
mixed with bedding material with proportion of 25%
and 10% for Eiseniafoetida and Perionyx excavatus

respectively.
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