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ABSTRACT
Sixty-day vermicomposting trial was conducted on the stabilization of paper mill sludge (PMS)
mixed with standard bedding materials in different proportions, i.e., 25, 50 and 75% utilizing
the earthworm, Perionyx ceylanensis. Analysis of physico-chemical parameters in the
vermicompost showed an increase in electrical conductivity, total NPK, Ca, Zn, total microbial
population (bacteria, fungi and actinomycetes) over initial and control substrates while bulk
density, total organic carbon, C/N and C/P ratios showed reduction. The bacterial genera,
Bacillus, Micrococcus, Enterobacter, Aeromonas, Cellulomonas, Serratia, Flavobacterium,
Rhizobacter and Azotobacter species and the fungal flora viz., Aspergillus flavus, Aspergillus
niger, Aspergillus fumigatus, Chaetomium globosum, Cladosporium herbarum, Cunninghamella
echinulata, Curvularia geniculata, Fusarium culmorum, Mucor hiemalis and Penicillium species
were isolated and identified in the vermicompost of 25% PMS. 

Key words: Vermicompost, Perionyx ceylanensis, Earthworm, Paper mill sludge,
Microflora.

Introduction

Maintenance of soil organic matter for
sustained soil productivity requires the input of
organic manures, crop residues, green manures and
other organic wastes in agriculture. Crop residues
and animal excreta are the organic wastes generated
by agricultural activities. Disposal of solid waste has
become a major problem recently due to shortage of
dumping sites and strict environmental laws. As a
result emphasis is given on aerobic composting,
defined as a microbiological process that converts
waste into organic manure rich in plant nutrients
and humus. Even though recycling organic waste has
been known since biblical times, there are many
aspects that should be improved. One of these areas
includes reduction in overall time required for
composting, especially during the winter season. The
conversion of a negative waste into beneficial
materials is an important aspect of resource recycling
and environmental cleaning. In this regard recycling
of utilizable organic wastes is feasible. The recycling
of wastes through vermicomposting reduces problems
of organic waste disposal. Vermicomposting is used
not only as an alternate source of organic fertilizers
but also to provide economical animal feed protein

for the fish and poultry industries worldwide (Kale
and Krishnamoorthy, 1978; Edwards, 1998). The
vermicomposts have more available nutrients per
weight than the organic waste from which they are
produced. Nutrients present in vermicomposts are
readily available for plant growth. Transplantation of
earthworms and mulching facilitate transfer of
nutrients to plants (Ismail, 1997).

Soil animals are important contributors to soil
fertility and humification processes (Singh, 1997).
Earthworms may alter the balance between
ecosystem conservation and loss of nutrients,
particularly carbon and nitrogen. Farmers consider
them as beneficial because some species play a
significant role in organic matter decomposition and
mineral cycling (Edwards and Bohlen, 1996). The
present society, with its high population densities,
sophisticated industries and intensive methods of
agriculture is producing very high quantities of solid
waste. Indian cities produce approximately about 36
million tonnes (MT) of solid waste and India, in total
produces about 25 MT of municipal solid wastes, 320
MT of agricultural residues, 210 MT of cattle manure,
and 3.3 MT of poultry manure and so on.
Approximately, about 70% of the waste is organic in
nature. Globally it is estimated that about 60 billion
tonnes (BT) of organic residuals are produced every
year (Ahmad and Bhargava, 2005).

With increasing human population and its
demands there is increasing in population of various
types of wastes ranging from agriculture, domestic,
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city or municipal sewage, various types of industrial
waste. All these results in various types of pollution
problems causing health hazards and put tremendous
stress on our economic resources. Increasing strict
water pollution regulation throughout the world has
resulted in the generation of large amounts of sludge
for ultimate disposal. Many alternative sludge
management methods such as different methods of
composting and land application have been developed.
The use of earthworms helps in the stabilization of
sludge. Biodegradable organic matter such as animal
and vegetable wastes and the municipal sludge can
be stabilized by earthworms (Vermistabilization).

An important waste that emerges out from a
paper industry is in the form of paper mill sludge.
In India, the paper industry is the second biggest
industry in the country, after the textile industry and
the quantum of the paper mill sludge produced is
very large. There is a major disposal problem for the
paper mill sludge as thought it is fairly rich in
organic nutrients, it finds little use as agricultural
fertilizer. The primary reason for this is the insoluble
and imbalanced nature of the nutrient content in it.
Due to the awareness of deleterious effects of
chemical fertilizers on soil and environment, in recent
years there is an increasing emphasis to develop
technology to produce organic manures from
agro-industrial and other organic wastes. The
microbes and earthworms work as scavengers for
agro-industrial wastes. There is no doubt that organic
waste material like carbohydrates, cellulose in
agricultural, industrial and municipal wastes are very
good microbiological nutrients and this should be
judiciously exploited. Exploitation of earthworm
species such as Eisenia fetida, Eudrilus eugeniae,
Lampito mauritii and Perionyx excavatus for the
disposal of different organic wastes have been well
established (Edwards and Bohlen, 1996; Manna et al.,
2003; Tripathi and Bhardwaj, 2004; Gajalakshmi and
Abbasi, 2004). The paper waste with cowdung in low
rate and high rate vermireactors using the
earthworm E.eugeniae showed that high rate reactors
were operated with 12.5 times higher earthworm
densities and feed loading rates (Gajalakshmi et al.,
2001). The studies on vermistabilization of organic
wastes like leaf litter, municipal solid waste and
green gram husk in combination with cowdung using
the earthworm, Perionyx ceylanensis Mich. have been
reported recently (Karmegam et al., 2003; Paul,
2006). But the studies on the vermistabilization,
nutrient and microbiological status of vermicompost
of paper mill sludge have not been reported. Hence,
the present study has been carried out to establish
the nutrient and microbiological status of the

vermicompost produced from paper mill sludge using
the earthworm, P.ceylanensis.

Materials and methods

Paper mill sludge and Earthworms: The raw
material, paper mill sludge (PMS) was collected from
Paper Packaging Ltd., Chennai, India. The
earthworm, Perionyx ceylanensis Mich. for the study,
collected from culture bank of the Department of
Biology, Gandhigram Rural University, Tamilnadu,
India, was mass multiplied in cowdung and used for
the study. 

Bedding materials: The standard bedding
material was prepared as per procedure (Kavian et
al., 1996) and the raw material used in the
preparation of the bedding material includes cowdung
(40% by volume), original moisture 45% and treated
with moisture content 10%, sawdust (20% by volume),
original moisture content 15% and treated with
moisture content 10% and soil (20% by volume),
original moisture content 25% and treated with
moisture content 15%.

Vermistabilization: The paper mill sludge was
subjected to vermicomposting in plastic tubs. In this
process, the paper sludge at 25%, 50% and 75%
concentration was mixed with standard bedding
material at 75%, 50% and 25% levels respectively,
and introduced into standard plastic tubs of size
12 × 17 × 55 cm accommodating about 2.0 kg of the
materials. The vermibed materials were maintained
with proper moisture content and aeration by
sprinkling water, regular mixing and turning of the
substrates once in 15 days. The clitellate-adult
earthworms, Perionyx ceylanensis, numbering 60 were
inoculated in each tub and a control set was also
maintained without introducing earthworms for all
the combinations. All the culture tubs were placed
indoor in a laboratory. All the experiments were
carried out in triplicates at ambient temperature
(26±3oC). However, moisture content was maintained
throughout the experiment around 65%. The samples
for analysis were taken out from the vermicomposting
tubs at the start of the experiment then once in 15
days upto the termination of the study (60th day). 

Physico-chemical analysis: Determination of pH
was done by a digital pH meter, electrical
conductivity by a conductivity meter. The moisture
content was determined after drying at 105oC for 24
hrs. Total organic carbon (TOC) was measured using
the method of Nelson and Sommers (1982). Total
kjeldhal nitrogen (TKN) was determined after
digesting the sample with concentrated H2SO4 and
concentrated HClO4 (9:1, v/v) (Bremner and
Mulvaney, 1982). Total phosphorus (TP) was analysed
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using colorimetric method with molybdenum in
sulphuric acid. Total potassium (TK) and total
calcium (TCA) were determined, after digesting the
samples in diacid mixture (conc. HNO3: conc. HClO4,
4:1 v/v), by flame photometer (Bansal and Kapoor,
2000). Total Fe and Zn were determined by means
of atomic absorption spectrophotometer after
digestion of the sample with concentrated HNO3 (4:1,
v/v).

Microbiological analysis: At the start of the
experiment and on the final day, vermibed substrates
were taken from 25%, 50%, 75% paper mill sludge
and one gram of each sample was transferred to test
tubes containing sterilized water and serial dilutions
were made . This was used as inoculum and 1.0 ml
was transferred to petriplates containing Nutrient
agar media, Rose Bengal agar and Kenknight’s media
respectively for bacteria, fungi and actinomycetes in
triplicate and incubated for 24 hrs, 72 hrs and one
week respectively (Allen, 1953). The same media was
adopted for the enumeration of bacteria and fungi in
the vermicompost samples. One gram of the
composite sample was weighed and then transferred
to test tube containing 10 ml of sterile distilled water.
1.0 ml of the selected dilution was used for plating

on specific media for the respective groups. The genus
of the bacteria in the earthworm gut and in
vermicompost was identified following the schemes of
Parle (1963), Bergey’s Manual of Systematic
Bacteriology (1989). The fungal colonies isolated from
the gut were identified based on their cultural
characteristics and the structure (Domsch et al.,
1980).

Results and discussion

All carbon containing compounds undergoes
essentially a burning or oxidation by the action of
microbes releasing nutrients, CO2 and humus. Very
soft plant organic materials are readily decomposed
and oxidized by microorganisms. But much of the
organic matter, particularly the tougher plant
materials does not break down without first being
disintegrated by soil animals and acted upon by
enzymes in their intestine. Earthworms have an
important role in this initial degradation process of
organic matter present in the Paper mill sludge.
Further the final process of organic matter
decomposition such as mineralization (Formation of
ammonia and other inorganic mineral elements) and
humification though brought out by microorganisms

Table 1. Physico-chemical characteristics of paper mill sludge (PMS) in different proportions
subjected to vermicomposting (60 days) using the earthworm, Perionyx ceylanensis

(Control=without earthworms).

Parameter 25% PMS 50% PMS 75% PMS

Initial Final Control Initial Final Control Initial Final Control

�� 6.53 7.20 6.80 7.02 7.42 7.10 7.40 7.65 7.12

��������	� ����������� ����� 1.16 1.32 1.10 1.22 1.40 1.20 1.28 1.42 1.20

���� ������ �����
�
� 0.66 0.50 0.60 0.72 0.60 0.70 0.76 0.58 0.74

�������� ������� ��� 56.4 62.3 56.8 58.4 68.3 58.8 57.4 68.20 56.8

���	��� �	���� ��� 28.48 25.60 27.89 30.48 24.60 30.89 34.48 25.60 32.89

���	�  ������� ��� 1.20 1.96 1.16 1.10 1.88 1.12 1.18 1.92 1.12

���	� !"���"���� ��� 3.25 4.39 3.11 3.05 3.98 3.08 3.18 3.98 3.08

���	� !��	����� ��� 1.40 1.80 1.10 1.28 1.60 1.20 1.38 1.72 1.30

�	����� ��� 2.30 3.13 2.15 2.10 3.02 2.12 2.58 3.62 2.18

�	������� ��� 0.46 0.67 0.44 0.34 0.60 0.32 0.38 0.72 0.36

#��� ����� 184.0 199.0 180.0 168.0 189.0 170.0 178.0 192.0 174.0

������ ����� 17.0 19.0 12.0 14.0 18.0 13.0 16.0 21.0 14.0

$��� ����� 61.0 63.0 56.0 58.0 60.0 56.0 60.0 64.0 58.0

�� �	��� 23.73 13.06 24.03 27.70 13.08 27.58 29.22 13.33 27.58

��! �	��� 8.76 5.83 9.00 9.99 6.18 10.02 10.84 6.43 10.02
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is also accelerated by the passage of the organic
materials through the guts of earthworms probably
due to intestinal micro flora and enzymes in the
worms gut.

On the basis of these evidences the major
differences observed between control paper mill
sludge and vermicomposted paper mill sludge of 25%,
50% and 75% proportions indicated that paper mill
sludge ingested by the worms undergo physical,
chemical and biological degradation to enhanced
mineralization while passing through worms gut. The
increased level of nutrients strongly endorsed the
efficiency of Perionyx ceylanensis in degradation of
paper mill sludge and production of organic fertilizer
with boosted nutrients in the form of vermicompost.

The physico-chemical parameters, electrical
conductivity, moisture content, total nitrogen, total
phosphorus, total potassium, calcium, copper, iron
and zinc were found to be higher than that of control
while bulk density, total organic carbon, C/N and C/P
ratios observed in the vermicompost of PMS showed
decrease over initial and control substrates (Table 1).
It has been reported that vermicomposting process

accelerates the mineralization of N content in organic
waste resources (Garg and Kaushik, 2005; Suthar,
2006). In the present study also the mineralization
activity of the earthworm, P.ceylanensis attributed to
the increase of nutrients in vermicompost of PMS.
The C/N and C/P ratios in vermicompost were lower
than ratios recorded for initial and control in the
present study. The C:N ratio of organic waste
material, which is one of the most widely used indices
for compost maturation, decreases sharply during
vermicomposting process. The release of part of the
carbon as CO2 in the process of respiration and
production of nitrogen lowers the C:N ratio of the
substrate (Suthar, 2006 and 2007). By similar
mechanisms, the reduction occurred in C:P ratio also.

Paper mill sludge is the major pollutant of the
water resource. Disposal of these by physical and
chemical process is highly expensive (Gohil, 1985).
Therefore biological treatment methods have received
much attention and considered as efficient, low cost
treatment for paper mill sludge. The worms along
with organic manure’s can be utilized as an
alternative to costly inorganic fertilizers (Senapati et

Table 2. Total microbial population of paper mill sludge (PMS) in different proportions
subjected to vermicomposting (60 days) using the earthworm, Perionyx ceylanensis.

Period / Nature of
Sample

Colony Forming Units (CFU x 105 g-1)

25% PMS 50% PMS 75% PMS

0th day 45 ± 3.65 49 ± 3.77 37 ± 2.86

15th day 64 ± 5.31 72 ± 6.42 48 ± 3.65

30th day 68 ± 5.86 80 ± 5.06 54 ± 5.31

45th day 74 ± 6.20 82 ± 6.74 63 ± 3.47

60th day 88 ± 6.52 104 ± 7.52 82 ± 5.73

���	� %���	� �����	���� ��&' × ()� ����

0th day 34 ± 3.68 39 ± 3.77 36 ± 2.86

15th day 45 ± 5.51 52 ± 6.12 50 ± 2.65

30th day 56 ± 5.36 60 ± 5.30 56 ± 4.31

45th day 62 ± 6.40 80 ± 6.14 73 ± 6.47

60th day 70 ± 6.58 126 ± 7.58 88 ± 6.73 

���	� 	������������ �����	���� ��&' × ()� ����

0th day 36 ± 3.36 44 ± 3.27 36 ± 3.86

15th day 44 ± 5.38 58 ± 6.82 60 ± 4.65

30th day 58 ± 5.16 70 ± 6.30 68 ± 5.32

45th day 64 ± 6.20 88 ±  3.14 83 ± 5.48

60th day 78 ± 6.18 108 ± 7.58 98 ± 6.78

Values are mean ± SD.
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al., 1980). Application of organic manure to the soil
improves water holding capacity, resistance to soil
erosion and maintenance of soil micro flora
(Bhattacharya et al., 1990). Earthworms are also used
in pollution control programs. They are selected as
one of the five key indicator organisms for
eco-toxicological testing of the toxicity of industrial
chemicals. Vermistabilized sludge is an indeed key to
overcome energy crisis, maintain the environment
and improve the economy.

In the present study, the presence of higher
number of total bacterial and fungal colony forming
units (CFU) and the bacterial genera such as
Bacillus, Micrococcus, Enterobacter, Aeromonas,
Enterobacter, Cellulomonas, Serratia, Flavobacterium,
Rhizobacter and Azotobacter implies that the
vermicompost harboured increased number of
microorganisms in 25%, 50% and 75% paper mill
sludge (Tables 2 and 3). Ismail (1997) reported that
the earthworm promotes microbial population, either
by virtue of their own intestinal mechanism or by
their casts, serving as best culture media.

It was observed in the present study that the
total number of fungi showed increase in
vermicompost than in the initial and control
substrates. The increase of fungal population in casts
is because, the casts are usually rich in ammonia and
partially digested organic matter and thus provide a
good substrate for growth of microorganisms. Some
of the intestinal mucus secreted during passage
through the earthworm gut is ingested with the casts,
where it continues to stimulate microbial activity and
growth (Barois and Lavelle, 1986; Scheu, 1991).
Increased microbial population in vermicasts has
been reported by Daniel and Anderson (1992) and
Karmegam and Daniel (2000). Disposal of paper mill
sludge material is a serious problem. Currently the
fertilizer values of Paper mill sludge are not being
fully utilized in India resulting in loss of potential
nutrients. In this study, paper mill sludge was
vermicomposted by using Perionyx ceylanensis in
laboratory conditions successfully. Mass rearing and
maintaining the earthworm, Perionyx ceylanensis may

Table 3. Bacterial and fungal flora isolated and identified from paper mill sludge (PMS)
 in different proportions subjected to vermicomposting (60 days) using the earthworm,

Perionyx ceylanensis.

Vermicompost sample Bacteria Fungi
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be helpful for composting the paper mill sludge in
large scale. 
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