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Abstract Earthworms have been successfully used in the
vermicomposting of different organic residues to produce
vermicompost. Therefore, three different earthworm spe-
cies Eisenia fetida, Eudrilus eugeniae, Perionyx excavates
were utilized for the conversion of dewatered sludge (DS)
of pulp and paper mill into stable compost. DS was mixed
with saw dust (SD) in four different proportions such as
(50:50, 60:40, 70:30 and 80:20). Stability analysis of
compost was study by stability parameters i.e. C/N ratio,
oxygen uptake rate, CO, evolution and biodegradable
organic matter. Compost stability studies revealed that the
final compost became stable in all proportions with every
earthworm species. However the substrate combination of
DS and SD (70:30) proved to be the best mixture on an
overall basis with earthworm species E. fetida.

Keywords Dewatered sludge - Vermicomposting -
Eisenia fetida - Eudrilus eugeniae - Perionyx excavates

Introduction

India has a large network of pulp and paper mills of
varying capacity. On an industrial scale the waste from
paper and pulp mills are managed through destructive
methods: landfilling practices and incineration. Both
methods lead to the loss of a profitable resource and have
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obvious environmental and economic disadvantage. The
solid wastes produced from pulp and paper mills are
interesting sources of organic matter and their proper dis-
posal and management is burden to the industries. But
composting/vermicomposting could be an adequate tech-
nology for its transformation. The practice of vermiculture
is at least a century old but it is now being revived
worldwide with diverse ecological objectives such as waste
management, soil detoxification and regeneration and
sustainable agriculture. Vermicomposting is a decomposi-
tion process involving interactions between earthworms
and microorganisms and it is an economical, viable and
sustainable option for waste management. It is easy to
operate and can be conducted in contained space to pro-
duce a good quality product (compost). Earthworms have
been successfully used in the vermicomposting of urban,
industrial and agricultural wastes in order to produce
organic fertilizers and obtain protein for animal feed.
Several epigeics (Eisenia fetida, Eisenia andrei, Eudrilus
eugeniae, Perionyx excavatus and Perionyx sansibaricus)
have been identified as potential candidates to decompose
organic waste materials [1, 2]. Research into the potential
use of earthworms to break down and manage solid waste
began in the late 1970’s and the use of earthworms in
sludge management has been termed vermicomposting or
vermistabilization [3]. In its basic form, this is a low-cost
technology system that primarily uses earthworms in the
processing or treatment of organic wastes [4]. Biological
conditioning of wastes through vermitechnology has mul-
tiple advantages however; India has yet to appreciate the
full importance of vermitechnology despite the potential
for the production of 400 tonne of vermicompost annually
from waste degradation [5]. Vermicomposting, the micro-
bial composting of organic wastes through earthworm
activity, has proved to be successful in processing sewage
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sludge and solids from wastewater [3], paper wastes [6],
urban food and garden residues, animal wastes [7]. In 1998,
the Government of India announced exemption from the
tax liability to all those institutions, organizations and
individuals in India practicing vermiculture on a com-
mercial scale. Earthworms have been successfully utilized
by several researchers for stabilization of wastes generated
from different industries [2, 8-15].There are also a few
studies dealing with vermicomposting process of dewa-
tered sludge coming from effluent treatment plant of pulp
and paper mill. Compost quality is an important issue since
compost is thought to be beneficial for both agriculture and
the environment. Stability is an important aspect of com-
posting in relation to its field application, potential of odor
generation and pathogen regrowth [16, 17]. Stability pre-
vents nutrients from becoming tied up in rapid microbial
growth, allowing them to be available for plant needs.
Unstable compost can show phytotoxic behavior and
therefore affect crops. This is due to the occurrence of toxic
substances produced due to an insufficient biodegradation
of organic compounds [18]. Therefore, it is essential to
prove the stability of compost to ensure about the tech-
nology and operational performance. Information on sta-
bility of compost in vermicomposting, for the mixed
organic wastes is rather limited. Hence, it is essential to
check the stability to asses the composting process within
vermicomposting process.

Compost requires to be matured and stable at the end of
the composting period so that it can be applied directly in
the fields. Biological stability indicates the extent to which
readily biodegradable organic matter has decomposed [19].
Hence, in this paper efforts were made to feasibility of the
dewatered sludge spiked with saw dust for producing a
matured and stable end product through vermicomposting.

This study examines the efficiency of three earthworm
species E. fetida, E. eugeniae, P. excavates in biocon-
verting dewatered sludge of pulp and paper mill mixed
with saw dust. The earthworm growth and reproductivity
were evaluated and compared with the changes in stability
parameters of this mixture in the presence and absence of
earthworms.

Materials and Methods
Compost Material

Dewatered sludge (DS) and saw dust (SD) were used for
preparation of different waste mixtures. DS was col-
lected form effluent treatment plants of Nagaon Paper
Mill, Kagajnagar, India. SD was used as a bulking agent
(it is accepted world wise as a bulking agent) with DS
for increasing nitrogen content in vermicompost.
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The physico-chemical properties of DS were
6.82 £ 0.01 of pH, 71.2 £ 1.2 % of moisture content,
31.6 = 1.7 % of total organic carbon, 6.4 + 0.8 g/kg of
total nitrogen, 18.9 & 0.5 (mg/g (volatile solid) VS/day)
of oxygen uptake rate and 8.72 £ 0.84 (mg/g VS/day)
of CO, evolution.

Culturing of Earthworms

For developing the cultures, Perspex bin sizes 450 x 300
x 450 mm were fabricated in the laboratory. For aeration
and drainage purpose 16 holes of 10 mm diameter were
drilled along the longer sides and 16 at the bottom
respectively. Hopper with steel frame was used to collect
the leachate (if any) (Fig. 1). Before the addition of the
culturing media and the earthworms, bedding was prepared
from chopped hay (about 50 mm), cow dung, banana pulp
(chopped about 50 mm), tree leaves all are partially
degraded. The bedding was then watered to keep it moist to
enable the worms to breathe. The earthworm species were
then added and partially degraded cow dung was added for
culturing the earthworms.

Experimental Setup

The experiments were conducted in triplicate, in locally
made bamboo containers (reactor) of volume 90.47 x
10* mm® (radius-120 mm and depth-90 mm) (Fig. 1). The
containers were kept in the laboratory at room temperature.
10 cm bedding was kept in all the containers using a
mixture of hay (155 g), CD (375 g), banana leaves and tree
leaves (280 g) respectively which were partially degraded
for 2 weeks. Approximately 50 g (~ 100-120 in numbers)
of earthworms (E. fetida, E. eugeniae, P. excavates) having
both clitellated and juvenile, were inoculated in the bed-
ding for acclimatization of the earthworms to the new
environment then the substrate was added the next day on
the top.

1.5 kg of four different mixtures of DS, SD (Table 1) was
added to each of the containers. Reactors for each mixture
were kept without earthworms which were referred to as
Control. The reactors with E. fetida were referred to as R¢l,
Rf2, R3 and R respectively while the controls were
referred to as CR¢1, CR2, CR;3 and CR#4. The reactors with
E. eugeniae were referred to as R. 1, R.2, R.3 and R.4 and its
respective controls as CR.1, CR.2, CR.3 and CR.4. The
reactors with P. excavatus were referred to as R, 1, R,2, R,;3
and R4 respectively, while the controls were referred to as
CR,1, CR,2, CRy3 and CRy4 respectively. The mixing
proportion DS, SD are reported in Table 1. The quantity of
the substrate was decided based on the findings that the
earthworms can consume the material half their body weight
per day under favorable conditions [20]. The moisture level
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Fig. 1 Perplex bin covering with gunny bag, bamboo reactors and vermicompost reactors

was maintained about 50-60 % throughout the study period
by periodic sprinkling of adequate quantity of tap (potable)
water. To prevent moisture loss, the reactors were covered
with gunny bags.

Parameters Analysis

About 110 g of homogenized wet samples (free from
earthworms, hatchlings and cocoons) were taken out at 0,
15th, 30th and 45th day of composting period. The 0 days
refers to the sample taken out before earthworm inocula-
tion. Wet samples were used for the analysis of stability
parameters i.e. oxygen uptake rate (OUR), CO, evolution
as described in [21], biochemical oxygen demand (BOD)
and chemical oxygen demand (COD) [22]. Dry samples
were analyzed for total organic carbon content according to
[23] and percentage of nitrogen content was calculated
using Kjeldahl method. Finally, carbon-to-nitrogen (C/N)
ratio was determined by dividing the total organic carbon
content to the total nitrogen content. In addition earthworm
growth related parameters like earthworm biomass; and
total mortality were measured at the end of every 15th day
of the experiment.

Statistical Analysis

All results reported are the means of three replicate. The
results were statistically analyzed at 0.05 levels using one
way analysis of variance (ANOVA) and Tukey’s HSD test
was used as a post hoc analysis to compare the means using
Statistica software.

Table 1 Mixing proportions of DS and SW

Results and Discussion
C/N Ratio

The parameter traditionally considered to determine the
degree of maturity of compost and to decline its agronomic
quality is the C/N ratio. The trend in the change in C/N
ratio was observed to be similar in all the earthworm
reactors. From the results it was observed that all the three
earthworm species worked equally well with similar
results. The maximum change in C/N ratio was observed in
R¢ 3 (3.24 folds) followed by R¢ 4 (3.19 folds) and R¢ 2
(2.78 folds) at the end of composting period (Fig. 2). The
decrease in C/N ratio was in the range of 1.5 folds in all the
composting reactors. For the reactors with E. eugeniae
species of earthworm the change in C/N ratio was as fol-
lows R.3 (3.13 folds) followed by R.4 (2.94 folds) and R.2
(2.62 folds) respectively. For the reactors with P. excavatus
species of earthworm the change in C/N ratio was as fol-
lows R3 (2.85 folds) followed by Ry4 (2.55 folds) and R,2
(2.52 folds) respectively. Reduction of C/N ratio was
observed more in every vermicompost as compared to
control reactors composts. The change in the ratio of dif-
ferent substrates did not seem to affect the C/N ratio. Ratio
of C/N decreased, which indicated the changes in total
carbon and higher levels of nitrogen in the vermicompost
[24]. The decrease in C/N ratio over time might also be
attributed to the increase in the earthworm population [25].
All the reactors with earthworms showed a C/N ratio less
than 20. It is believed that a C/N ratio below 20 is indic-
ative of acceptable maturity, while a ratio of 15 or lower
being preferable [26]. C/N ratio varied significantly for all

Feedstock material Reactors

R¢l/Re1/R,1 R{2/R:2/R,2 R3/R:3/R,3 R4/RAR 4
Dewatered sludge (Kg) 0.75 0.90 1.05 1.20
Saw dust (Kg) 0.75 0.60 0.45 0.30
Proportions 50:50 60:40 70:30 80:20
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due to intense development of microor-

ganisms as a consequence of the abundance of easily bio-

degradable compounds in the raw material. For this reason,
stability and maturity [28]. Oxygen uptake and

folds) followed by R,1 (12.99 folds) and R;,3 (11.86 folds)
at the end of composting period (Fig. 3). Similar obser-
CO, evolution correlates directly with aerobic respiration
and hence aerobic biological activity [28]. Insufficient
mature compost has a strong demand of O, and high CO,
O, consumption and CO, production are indicative of
CO, evolution are more direct and have been described as
being opposite sides of the same equation under aerobic

vermicompost as compared to control reactors composts.

vation was made by earlier researchers also [21, 27].
Reduction of CO, evolution was observed more in every

reactors highest CO, reduction was observed in R4 (14.67

folds) followed by R.1 (14.2 folds) and R.3 (12.41 folds) at
the end of composting period. In P. excavatus earthworm

with E. eugeniae earthworm was observed in R.4 (17.2

production rates,
compost
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vermicompost and compost (P < 0.05) on all sampling

days.

CO, Evolution Rate

The highest decrease in rate of respiration activity observed
during initial phases of composting periods. The reduction
trend for all the reactors seemed to be similar however the

different substrate combinations seem to affect the earth-

worm species as seen from the results. Comparisons among

the reactors with different earthworm species showed that
the reactors with the earthworm species E. fetida had the

least value of CO, evolution rate at the end of the com-

0.84 for R;2,

17

posting period with a value of 0.56 for Ry
0.72 for R¢3 and 0.36 for R4 respectively.

The highest CO,

reduction was observed in R¢4 (27.72 folds) followed by

R¢l (24.35 folds) and R¢3 (14.83 folds) at the end of

composting period. The highest CO, reduction in reactors
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conditions [29]. All are significant (P < 0.05) at the end of
composting period.

Oxygen Uptake Rate (OUR)

Oxygen uptake rate is commonly used as stability index
and most accepted method for the determination of bio-
logical activity of a material. It measures stability by
evaluating the amount of readily biodegradable organic
matter still present in the sample through its carbonaceous
oxygen demand [14]. Kalamdhad and Kazmi [30] found
OURSs to be high in active stage of composting, as microbes
grow rapidly from digesting readily biodegradable sub-
strate. As composting begins, large organic molecules are
broken down to smaller, soluble ones and temporarily more
substrate may become available. The highest OUR reduc-
tion in E. fetida reactors was observed in Rl (5.34 folds)
followed by Ry 2 (5.06 folds) and Ry 3 (3.69 folds) at the
end of composting period (Fig.4). The highest OUR
reduction in E. eugeniae reactors was observed in R.3 (5.8
folds) followed by R.4 (4.59 folds) and R.2 (4.29 folds) at
the end of composting period. In P. excavatus reactors
highest OUR reduction was observed in R,3 (7.11 folds)
followed by Rp4 (4.18 folds) and R,2 (4.01 folds) at the
end of composting period. Khwairakpam and Bhargava
[14] have also reported similar results. Comparisons among
the reactors with different earthworms showed that the
OURs were least in R,3 with a value of 2.0 mg/g VS/day;
followed by Rl with a value of 2.1 mg/g VS/day; followed
by R¢2 with a value of 2.9 mg/g VS/day; followed by R.4
with a value of 3.1 mg/g VS/day, respectively. Reduction
of OURs was observed more in every vermicompost as
compared to control reactors composts. OURs for all ver-
micompost and compost was statistically significant
(P < 0.05) at the end of composting period.

Soluble BOD and COD

It is generally recognized that the percentage of readily
biodegradable organic matter is an important aspect of
compost quality. According to Wang et al. [31] while
compost is applying to the soil for crop use, care should be
taken because the biological processes will continue and
can strip the nutrients of soil even though after stabilization
of compost. Hence BOD is an important parameter to
monitor. Reduction of soluble BOD and COD were
observed more in every vermicompost as compared to
control reactors composts. The highest BOD reduction was
observed in Rf2 (4.54 folds) followed by R4 (4.35 folds)
and R¢3 (4.3 folds) at the end of composting rectors with
E. fetida earthworm. The highest BOD reduction during
E. eugeniae reactors was observed in R.3 (3.22 folds)

315 days B 30 days 45 days

16 - N0 day

OUR (mg/g VS/day)

Rel CR¢l Re2 CR2 R CRe3 R4 CRe

OUR (mg/g VS/day)
(OUCCCCCCUCUL

R.1 CR.1 CR.2 R.3 CR.3 R4 CRA4

OUR (mg/g VS/day)

CR,3 R4 CRyd

Rl CR1  R2 CR2 Ry3

Reactors

Fig. 4 Oxygen uptake rate during vermicomposting in different
reactors

followed by R.4 (2.7 folds) and R.2 (2.42 folds) at the end
of composting period (Fig. 5). In P. excavatus reactors
highest BOD reduction was observed in R,3 (3.01 folds)
followed by R,2 (2.94 folds) and R,1 (2.91 folds) at the
end of composting period. Kalamdhad and Kazmi [30]
have reported 46—64 % reduction in BOD in case of rotary
drum composting which was slightly less than the vermi-
composting. Comparisons among the different reactors
with different earthworm species showed that minimum
reduction in BOD was in the following manner R¢2, R¢l,
R¢3, R¢4 with values 5.7, 6.3, 6.5, 6.7 mg/kg at the end of
the composting period. Decrease in COD was observed by
other workers also [14]. The highest COD reduction was
observed in R¢ 3 (5.77 folds) followed by R¢l (5.37 folds)
and Rg2 (5.27 folds) at the end of composting period
(Fig. 6). The highest COD reduction (in E. eugeniae
reactors) was observed in R.3 (5.47 folds) followed by R.1
(5.25 folds) and R.4 (4.92 folds) at the end of composting
period. The highest COD reduction (in P. excavatus
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Fig. 5 Soluble BOD during Vermicomposting in different reactors

R¢3 (58.33), R{2 (52.38),

Rl (48.97), R.3 (48.45) respectively (Table 2). For the

change was in the order viz.,

reactors) was observed in R;,1 (5.43 folds) followed by R,3
(5.26 folds) and R4 (4.69 folds) at the end of composting

reactors with E. fetida maximum percentage change in

period. Comparisons among the different reactors with

earthworm biomass was observed in R3 (58.33), Ri2

different earthworm species showed that minimum reduc-

R (45.05) respectively. For the

5

Rl (48.97)
reactors with E. eugeniae maximum percentage change

in earthworm biomass was observed in R

(52.38),

tion in COD was in the following manner R¢3, R.4, Ry 2,

R

145 mg/kg at the end of

, 133,

124

1 with values of 119,

p

3 (48.45), R.2

the composting period. The difference in BOD and COD in
the end product obtained was significant (P < 0.05) for the

entire samples.

R.4 (31.00) respectively. For the
reactors with P. excavatus maximum percentage change

in earthworm biomass was observed in R,

(37.39), R.1 (34.78),

3 (46.23), R,2

o4 (1.96) respectively. Compari-

1 (18.03), R
son among all the reactors, the cocoon production in the

vermicompost was observed maximum in the reactors

with E. fetida.

(41.17), R,

Growth and Reproduction of Earthworms

According to Chaudhari and Bhattacharjee [32] the size

Hatching of juveniles were more, it

of earthworm population and their rate of growth as well

indicated that cocoon productions were higher before

fecundity depend upon the amount of food present.

as

45 days. On an overall the earthworm species E. fetida
proved to be the best on account of biomass increment
as well as juveniles hatched when compared with the

other earthworm species.

in color and

dark brown

The vermicompost was

of earthworm activity. The

homogenous after 45 days

earthworm biomass had increased in all vermicompost

as days increased. Maximum percentage live biomass
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Table 2 Changes in biomass during vermicomposting of DS mixed with SD

Reactors Change in biomass
Mean weight of earthworms(g) Live biomass Cocoons/worm/ No. of juveniles
. - (%change) day hatched/100 g
Initial Final
E. fetida earthworm
R¢l 50 98 96 0.002 190
R2 50 105 110 0.004 225
R/3 50 120 140 0.003 232
R4 50 91 82 0.003 118
E. eugeniae earthworm
R.1 50 76.67 53.34 0.014 35
R.2 50 79.86 59.72 0.026 37
R.3 50 97 94 0.021 42
R.4 50 73 46 0.01 31
P. excavatus earthworm
Rpl 50 61 21.60 0.0030 21
R,2 50 85 70.67 0.0048 61
Rp3 50 93 86.57 0.0042 65
R4 50 51 2.23 0.0040 32
Conclusion crisis and human’s at risk, pp. 233-240. INA Shree Publication,

The efficiency of vermicomposting process was found
maximum in the reactors with earthworm species E. fetida
while the reactors with earthworm species E. eugeniae and
P. excavatus worked almost similarly. The substrate com-
bination of DS and SD (70:30) proved to be the best
mixture on an overall basis. The vermicompost obtained
from all the reactors were matured and stable as confirmed
by the CO, evolution rate and OUR results. The value
added matured end product can be directly used in the
fields. All earthworm species worked equally well, the best
results could be obtained from the reactors with earthworm
species E. fetida in terms of earthworm biomass and
juveniles.
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