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ABSTRACT

One of the most vital problems of environmental protection concern is that of solid waste disposal.
This problem continues to grow with the growth of population and the development of industries. The
Common Effluent Treatment Plant (CETP) already establishes itself as a service to society at large,
contributing towards a cleaner environment. However, the inappropriate disposal of CETP’s hazardous
sludge can cause serious environmental problems. The sludge if sent for landfilling may cause
groundwater contamination, changing the soil fertility parameters as well. The research presented here
is carried out to explore the ability of an epigeic earthworm Eudrilus eugeniae to transform the sludge
produced from CETP into a value-added product i.e., vermicompost. In this study, six samples of feed
mixture were used with different ratios of CETP sludge, cow dung, and sawdust. Physico-chemical
parameters such as pH, Electrical Conductivity (EC), Volatile Solids (VS), Total Nitrogen (TN), Nitrate
Nitrogen (NO,-N), Ammonium Nitrogen (NH,"-N) were characterized to analyze the quality of the
compost formed. All these parameters are in the agreement with recommended standards of mature
compost. The result shows that vermicomposting technique when used, epigeic earthworm Eudrilus
eugeniae can work as a favorable alternative solution for the disposal of CETP sludge.

INTRODUCTION

Over the last few years, the problem of efficient disposal and
management of organic solid wastes has become more rigorous
due to the rapid increase in population, intensive agriculture,
and industrialization. To maintain a cleaner environment, waste
disposal has become an issue of vital importance. Due to rapid
industrialization and urbanization, the consumption of water
also increases resulting in the generation of a large quantity of
wastewater (Suthar 2012, Tchobanoglous et al. 1993). The ef-
fluent treatment plants are good alternatives as they include the
physical, chemical, and biological processes for the treatment
of wastewater discharged from the industries and commercial
complexes. Wastewater contains dissolved organic compounds
which get suspended during primary and secondary treatment
of wastewater generating sludge (Bantacut & Aulia 2019).
In recent years, the methodology of sludge management has
shifted from conventional methods such as incineration and
landfill to the recent concept of sludge-conversion into nutri-
ent-rich products (Maheshwari et al. 2019). Although various
physical, chemical, and microbiological methods of disposal
of organic solid waste are currently in use, these methods are
time-consuming and costly. In this context, vermicomposting

is an eco-friendly technology for the conversion of various
kinds of organic waste into vermicompost. It is a biological
process in which earthworms are introduced in the sludge to
convert the organic wastes into humus-like material known as
vermicompost. Epigeic earthworm species are able to consume
different types of organic wastes which include sewage sludge,
industrial sludge, animal dung, agricultural residues, household
wastes, and industrial waste (Yadav & Garg 2009). Accord-
ing to a group of researchers (Dominguez & Edwards 1997,
Saradha 1997), vermicomposting is mesophilic (10-32°C)
and it involves the combined synergetic action of earthworm
and microorganism for decomposition of waste and produces
nutrient-rich compost. Vermicomposting of industrial sludge
was carried out by decomposition of solid textile mill sludge
(STMS) mixed with poultry droppings by using epigeic
earthworm Eisenia fetida. (Kaushik & Garg 2004, Lee 1992,
Neuhauser et al. 1998, Reinecke et al. 1992). A group of re-
searchers (Edwards 1999, Edwards & Arancon 2004, Elvira
et al. 1996) explained the bioconversion of solid paper-pulp
mill sludge and primary sewage sludge with earthworms E.
andrei. The results indicated that the loss of total carbohydrate
was higher in the presence of earthworms (80%) than in their
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absence (72%). Begum and Harikrishna (2010) studied the
growth of E. fetida and decomposition of municipal sewage
sludge for a period of 60 days (Begam & Harikrishna 2010,
Bishop & Godfrey 1983, Canelles et al. 2002, Edward 1995).
A six-month pilot-scale study was carried out on vermicom-
posting of sludge from paper mill using earthworm species E.
andrei. The vermicompost obtained at the end of the experi-
ment was rich in nutrients like nitrogen, phosphorus, potassium
and had good water holding capacity, high humic acid content,
and low levels of heavy metals. (Elvira et al. 1997, Garg &
Kaushik 2005, Hemalatha 2012, Kalamdhad et al. 2012).
Although some of the work has been explored on vermicom-
posting of sewage sludge and different industrial sludge like
textile mill sludge, pulp, and paper mill sludge, food industry
sludge, and distillery sludge using different earthworm species
(Atiyeh et al. 2002, ROU 2007, Selladurai et al. 2009, Sinha et
al. 2008, Yadav & Garg 2011). The study of vermicomposting
of CETP sludge is still in infancy, so the purpose of the present
work is the production of stabilized, matured compost by using
CETP sludge and to evaluate physico-chemical and stability
parameters of industrial solid waste.

MATERIALS AND METHODS

Earthworm species Eudrilus eugeniae was selected for this
study because E. eugeniae is a major waste eater and biode-
grading earthworm species. Earthworm species used in this
study were collected from Morarka Organic Food Ltd. Jaipur
Rajasthan. The bulking agent sawdust was collected from
a woodshop and cow dung collected from the H-Quarters
at MNIT Jaipur. CETP sludge was collected from CETP
Bhiwadi District Alwar Rajasthan. (Fig. 1).

The experimental work was carried out with a different
percentage of compost material i.e. CETP sludge, cow dung,
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and sawdust using earthworm species E. eugeniae (Fig. 2).
The initial parameters of different ingredients for composting
of sludge with sawdust and cow dung with different com-
binations are given in Table 1 and different percentages of
compost material i.e. CETP sludge, cow dung, and sawdust
is given in Table 2.

The objective of this study was to identify the most
suitable combination of sludge, cow dung, and sawdust
using earthworm species E. eugeniae. The experiment was
conducted in a plastic container with a capacity of 20 L. 20
holes along the circumference and 15 holes (0.5 cm diameter)
at the bottom of the container were drilled to provide aeration
and drainage. Reactors containing different percentages of
sludge, cow dung, and sawdust were kept at room tempera-
ture. Each reactor was inoculated with earthworm biomass
of 100gm. The moisture content of feed in each reactor was
maintained at 60-80%, throughout the study period by the
sprinkling of an adequate quantity of water. Separate reactors
were placed with the same conditions and combination of
material but without earthworm to evaluate the efficiency
of the process.

Sampling and Sample Analysis

About 150 g of homogenized wet samples of the feedstock
was analyzed before the start of the experiment referred
to as zero-day, then samples were analyzed after every six
days interval. The zero-day refers to the substrate taken out
before earthworm inoculation. Sample analysis was carried
out at PHE Laboratory, civil engineering department MNIT
Jaipur and Agricultural Research lab Durgapura Jaipur. The
physico-chemical and biological parameters were analyzed,
by the methods described in the standard methods for the
examination of wastewater (APHA, AWWA & WEF 1999).

Fig. 1: CETP sludge storage site at CETP Bhiwadi.
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Physico-Chemical Analysis

Various physico-chemical studies have been carried out
such as pH, electrical conductivity (EC), volatile solids
(VS), Total Nitrogen (TN), Nitrate nitrogen (NO;-N),
Ammonium nitrogen (NH,"-N), etc. After the completion
of the vermicomposting process, earthworm biomass
was measured. The earthworms were separated from the
compost by putting compost in sunlight for few minutes.
The earthworms tend to move downwards away from the
sunlight towards the bottom. When most of the earthworms
move down, the upper compost free from earthworms was
separated. Later on, a small part of compost with earth-
worm remained, which was separated by hand sorting
method.

Vermireactors with Different Feed Mixture Percentage
R1 Vermicomposting of Sludge with Cow dung (CD) and

Sawdust (SD) (80:20:00)

R2 Vermicomposting of Sludge with Cow dung (CD) and
Sawdust (SD) (50:50:00)

R3 Vermicomposting of Sludge with Cow dung (CD) and
Sawdust (SD) (50:25:25)

R4 Vermicomposting of Sludge with Cow dung (CD) and
Sawdust (SD) (70:30:00)

Table 1: Initial Characteristics of Waste Material
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RS Vermicomposting of Sludge with Cow dung (CD) and
Sawdust (SD) (40:40:20)

R6 Vermicomposting of Sludge with Cow dung (CD) and
Sawdust (SD) (30:30:40)

Each Reactor contained a Control (i.e. CR)

RESULTS AND DISCUSSION
pH

The variations of pH in all the six vermireactors during the
period of 24 days of vermicomposting are shown in Fig.
3 (with worms) and Fig. 4 (without worms). There is an
initial increase in all vermireactors namely R1, R2, R3, R4,
RS, R6 and decreased in the later phase of composting. The
initial increase in pH means the participation of microbes
in the degradation representing aerobic metabolism which
produces the basic hydroxides and subsequent increase in pH
in the initial phase of decomposition. In all the vermireactor
initially, pH increased up to 6 days except R6 in which pH
increased up to 12 days and later on starts decreasing. The
reduction of pH in vermireactors was observed more than
their controls. This could be because earthworm guts release

Table 2: Different percentage of compost material i.e. CETP sludge, cow
dung, and sawdust (in brackets indicates the percentage content in initial
feed mixer)

Vermireactors  CETP Cow dung Saw dust
Parameters Sludge Cow Dung Saw Dust Sludge(kg) (Kg) (kg)
pH 8.44 8.3 6.95 R1 1.2(80) 0.3(20) 0(0)
E.C.(mS/cm) 2.73 1.01 0.83 R2 0.75(50) 0.75(50) 0(0)
TKN(%) 1.22 1.56 0.89 R3 0.75(50) 0.375(25) 0.375(25)
NH,-N(g/Kg) 0.092 0.158 0.041 R4 1.05(70) 0.45(30) 0(0)
NO;-N(g/Kg) 0.877 0.332 0.121 RS 0.60(40) 0.60(40) 0.30(20)
TN(g/Kg) 13.08 15.93 9.02 R6 0.525(35) 0.525(35) 0.45(30)

Fig. 2: Vermicompost reactors used in the experiment.
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the neutral pH. The pH in vermireactor R2 was observed at
7.35 near-neutral pH as compared to all vermireactors and
their controls (without worms).

Electrical Conductivity (EC)

Electrical conductivity is the ability to carry an electrical
charge, a measure of the soluble salt content of vermicom-
post. EC value reflects the degree of salinity during com-
posting, indicating its possible phytotoxicity effects on the
growth of plants if applied to the soil. The variations of EC
in different vermireactors during the period of 24 days of
vermicomposting are illustrated in Fig. 5 (with worms) and
Fig. 6 (without worms). Initially increase in EC was observed
up to the 18" day with its subsequent decrease. The increase
in EC is due to the degradation of organic matter, releasing
minerals such as Ca, Mg, K, and P is available from. The
decrease of EC in the later phase of composting is due to the
precipitation of mineral salts. The highest EC was observed
in vermireactor R2 among all the vermireactors. The aug-
mentation in EC was more in vermireactors (with worms)
than the control (without worms).

Total Nitrogen (TN)

Total nitrogen content was increased throughout the ver-
micomposting period as shown in Fig. 7 (with worms) and
Fig. 8 (without worms). Initial total nitrogen values were
14.33 gkg', 18.44 g kg, 12.86 gkg', 1435 g kg™, 12.89
g.kg’l, 11.47 g.kg’1 in vermireactors R1, R2, R3, R4, R5, R6
respectively. After 24 day of vermicomposting, total nitrogen
content values were 25.34 g kg™, 36.72 g kg™, 24.12 g kg!,
21.38 g.kg”,22.75 g.kg™, 18.56 g.kg™ in vermireactors R1,
R2, R3, R4, RS and R6 respectively. According to Bishop
and Godfrey (1983), nitrogen-fixing bacteria might have
also contributed to the increase in TN in the later stage of

Days

Fig. 3: Variation of pH in vermireactors (with worms).
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composting. It is suggested that along with N release from
compost material, earthworms increase nitrogen levels by
releasing mucus and by accumulating excretory products,
body fluids, and other biological fluids rich in nitrogen. De-
caying tissues of dead worms is yet another factor for TN to
hike to a significant amount. The highest total nitrogen was
observed in vermireactors R2 in 24 days of vermicomposting.

Ammonium Nitrogen (NH,* N)

Ammonium concentration is an important indicator of
compost stability and maturity. Mostly, ammonium nitrogen
present during aerobic composting was derived from the rap-
id decomposition of waste. When ammonium concentration
decreases and nitrate appears in composting material, it is
considered ready to be used as compost. It has been noted
that the absence or decrease in NH," N is an indicator of a
high-quality composting process (Hirai et al. 1983).

The ammonium nitrogen concentrations decrease in both
vermireactors with worms and without worms throughout
the period of experimentation as shown in Fig. 9 and Fig. 10
respectively. The maximum decrease in ammonium nitrogen
concentration was observed in vermireactor R4 from the in-
itial level of 0.202 g.kg™! to 0.0796 g kg' and the minimum
decrease was observed in vermireactor R1 from an initial
level of 0.0693 g.kg‘1 t0 0.0336 g.kg'l. The concentration of
ammonium nitrogen decreases due to its conversion to nitrate
nitrogen. Yadav and Garg (2009) reported that decreasing
ammonium nitrogen concentration is due to Nitrate Nitrogen
formation and volatilization as ammonia at high pH.

Nitrate Nitrogen (NO5;™-N)

During composting, nitrate nitrogen increases regularly due to
the conversion of ammonium nitrogen into nitrate nitrogen

10
Days

Fig. 4: Variation of pH in vermireactors (without worms).
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5 10 15 20

Days
Variation of EC with days (With worms)

Fig. 5: Variation of electrical conductivity in
vermireactors (with worms).

Total Nitrogen

10 15 20

Days
Variation of Total Nitrogen with days (with worms)

Fig. 7: Variation of TN in vermireactors (with worms).

and is a limiting factor in assessing compost maturity. The
variation of nitrate nitrogen concentrations with and without
worms along with the period of 24 days is shown in Fig. 11
and 12. Nitrate nitrogen increase in all vermireactors with
an increase in the vermicomposting period. The highest
nitrate nitrogen concentration was observed in R2 (0.5823
g.kg™!) in 24 days of composting. So, it can be predicted that
R2 showed better quality compost with the higher NO;-N
content (Fig. 11).

Phosphorus

In this study, the available phosphorus was observed to
increase as vermicomposting proceeds as shown in Fig. 13
(with worms) and Fig. 14 (without worms). An increase in
phosphorus during vermicomposting was probably through
mineralization and mobilization of phosphorous by the
bacterial and fecal phosphatase activity of earthworms.
Kaushik and Garg (2004) recorded a significant increase in
total phosphorus and available-P after composting textile mill
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Fig. 6: Variation of electrical conductivity in
vermireactors (without worms).

404

354

@w
1=}
L

Total Nitrogen
b3
)

N
S
!

10 15 20 25

Days
Variation of total nitrogen Wlfyh days(without worms)

Fig. 8: Variation of TN in vermireactors (without worms).

sludge blended with cow dung and agricultural residues for
11 weeks. Phosphorus content was observed to increase in
all vermireactors as vermicomposting proceeds. The highest
phosphorus was observed in vermireactor R2.

Earthworm Biomass

The overall earthworm biomass showed a decline in 24 days
of vermicomposting of CETP sludge with cow dung and
sawdust. The vermireactor R1, R2, R4 contain the mixture
of sludge and cow dung while vermireactor R3, RS, R6
contain the mixture of sludge, cow dung, and sawdust. The
maximum earthworm biomass reduction was observed in
vermireactor R1 which contains 8020% of sludge and cow
dung. Earthworm biomass decreased in feed mixtures as
sawdust proportion increases. The minimum earthworm
biomass reduction was observed in vermireactor R2 which
contains 5050% of sludge and cow dung respectively. The
vermireactors which contain a mixture of sludge, cow dung,
and sawdust show a more reduction in earthworm biomass as

Nature Environment and Pollution Technology ® Vol. 20, No.3, 2021
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Fig. 9: Variation of NH,*-N in vermireactors (with worms). Fig. 10: Variation of NH,"-N in vermireactors (without worms).

compared to the vermireactors which contain the mixture of ~ may be used as a suitable technique to transform the sludge
sludge and cow dung except for vermireactor R1. produced from a common effluent treatment plant. Physico-
chemical analysis of compost of various parameters like pH,
CONCLUSIONS EC, total nitrogen, ammonium nitrogen, nitrate nitrogen,
and phosphorus agreed with recommended standards. As
The experimental results clearly indicate that vermicomposting  ammonium concentration decreases and nitrate appears in
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Fig. 11: Variation of NO;*-N in vermireactors (with worms). Fig. 12: Variation of NO;*-N in vermireactors (without worms).
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Fig. 13: Variation of phosphorus in vermireactors (with worms). Fig. 14: Variation of phosphorus in vermireactors (without worms).
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composting material, it is considered to be used as suitable
compost. The vermicomposting of CETP sludge produced a
good quality of compost with 1.14 % to 1.84 % total nitrogen
and 0.0541% to 0.063% phosphorus content. The maximum
total nitrogen and maximum phosphorus content were
observed in vermireactor R2. The values of all the studied
parameters were found higher in vermireactors with worms in
comparison to vermireactors without worms. The earthworm
biomass was observed to decrease in all vermireactors due
to the hazardous nature of sludge. The minimum reduction
was observed in vermireactor R2 which contains 50% sludge
and 50% cow dung, and maximum reduction was observed
in vermireactor R1 which contains 80 % sludge and 20 %
cow dung. So, it is concluded that based on physico-chemical
parameters, vermicomposting of sludge produced from CETP
is a more efficient method than the traditional composting
techniques.
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