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Abstract
Background Present research communicates the role of
Eisenia fetida in converting pulp and paper mill sludge into
valuable products by removing the high concentration of
different chlorophenols and metals present in the sludge.
Results Pulp and paper mill sludge was toxic to Eisenia
fetida and therefore, it was mixed with composted material
in different ratio of experimental set up such as Set up: 1,
(95:5), Set up: 2 (80:20) and Set up: 3 (50:50) on dry
weight basis. We found very promising results by the application Eisenia fetida in the sludge. Eisenia fetida removed all the twelve different chlorophenols more than
95 % from the sludge which is declared as carcinogenic
compounds by United States Environmental Protection
Agency (US-EPA) in 90 days of incubation. Heavy metals
concentration was decreased significantly during the incubation period whereas some metal concentration was also
increased in the sludge due to mineralization. Carbon
(C) and Nitrogen (N) were increased in the composted
material, C:N ratio for Set 1 9:4 in Set 2 13:4 and Set 3
18:4 was observed which acts as soil conditioner. Whereas
some other metals like (Ca, Mg, Na, K, Fe and Zn) was
increased that are essential for the plant growth. There was
great reduction in adsorbable organic halogen (AOX) 95 %
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and extractable organic halogen (EOX) 90 % as compare
to control. Eisenia fetida also removed pentachlorophenol
(PCP) from the sludge with artificially increased concentration about 100 mg/kg.
Conclusions By observing chlorophenols concentration,
metals and carbon–nitrogen ratio, Eisenia fetida is acting
as a potential candidate for the reclamation of industrial
sludge. The result indicated that vermicomposting with
Eisenia fetida is better option to manage the sludge or
convert the sludge into nutrient-rich composted material in
a short span of time.
Keywords Eisenia fetida  Chlorophenols 
Vermicompost  Sludge  Pulp and paper mill  AOX 
EOX  Metals

Introduction
The rapid increase in population and the increasing demand
for industrial establishments overexploitation of available
resources to meet human requirements have created problems such as pollution of the land, air and water environments. Pulp and paper mills generate significant amount of
biodegradable sludge (34 and 105 kg/t product in large and
small paper mills, respectively) during the papermaking
and pulp making stages (Pokhrel and Viraraghavan 2004).
The disposal of industrial sludge from effluent treatment
plant is a global concern to the industries not a unique
problem for the pulp and paper industry. Among the four
major modes of sludge disposal; sea discharge, landfill,
incineration and land application, now a days most of industry disposing the sludge by only land application. According to the recent estimate carried out by the US-EPA
(1991) half of the 6,500 municipal landfill sites have been
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closed by the end of the last century and another 54 % of
the remaining landfills will be closed within next 5 years.
The final disposal route for excess sludge generated by
wastewater treatment is becoming a serious issue mainly
due to the growth of population and sludge accumulation in
large cities and growth in the amount and complexity of the
related industrial activities. For this reason, it is necessary
to reduce the amount of sludge generation by improving
the efficiency of the treatment methodologies and implementing new technologies able to use sludge as raw material for compost, generate biomolecules and energy.
To cope up with this problem United States undertook a
long-term research and demonstration program involving
all the segments of society from regulators to farmers for
the utilization of biosolids for gainful purposes and to find
a long-term solution. Organochlorines are found in the
sludge produced at pulp and paper mills. Accounting for as
much as four percent of the total weight of the material
contaminated sludge is spread on the land, buried in
landfills or incinerated releasing chlorinated by-products
into the air including polychlorinated phenols and dioxins
(Mantykoski et al. 1989). In forests where pulp mill sludge
has been dumped chlorinated phenols/dioxins have accumulated in the tissues of field animals and caused biochemical effects in birds (ERT 1987). Vermicomposting
are well-known processes for solid organic waste reclamation: the final product vermicompost can be used as
sources of organic matter for soil amendment, as sources
of nutrients for soil fertilization or as growing media
constituents for soilless cultivation (González et al. 2010).
Vermicomposting is a bio-oxidative process which engages earthworms and microorganisms. The microorganisms both in the earthworm guts and in the feedstock are
responsible for the biochemical degradation of the organic
matter while the earthworms are responsible for the fragmentation of the substrate which increases the surface area
exposed to the microorganisms. Hence the earthworms
directly modify the physical properties of the material and
indirectly modify its chemical properties. It is well-established that a large number of organic wastes can be
ingested by earthworms and egested as peat-like material
termed as vermicompost. It is much more fragmented,
porous and microbially active than parent material (Edwards 1988; Edwards and Bohlen 1996) due to humification and increased decomposition. Recent study conducted
by Huang et al. (2014) found that changes physiochemical
properties and microbial profiles during vermicomposting
to make the reliable material and Hanc and Chadimova
(2014) found nutrient recovery after vermicomposting.
Due to the certain limitations of the other processes, vermicomposting receiving more attention for stabilization of
various wastes including for decreased duration of treatment process, increased pathogen reduction and better
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product quality (Hait and Tare 2011). Butt (1993) showed
that solid paper mill sludge was a suitable feed for Lumbricus terrestis under laboratory conditions. Elvira et al.
(1998) have also reported vermicomposting of paper mill
sludge using Eisenia andrei under laboratory as well as
field conditions. Gajalakshmi et al. (2002) studied the
vermicomposting of paper waste using anecic earthworm
Lampito mauriti. Today this is needful to treat the industrial sludge for the removal of organic and inorganic
contaminants and manage it properly for the useful application; therefore, present study deals with the treatment
of chlorophenols and inorganic constituents from the
sludge of pulp and paper mill using Eisenia fetida further it
can be applied as a compost material.

Materials and methods
Collection of sludge sample
Dewatered secondary sludge samples of pulp and paper
mill were collected from the effluent treatment plant of
BILT, Unit-Shree Gopal, Yamunanagar, Haryana, India.
This mill adopts kraft process for pulping of raw materials
mainly eucalyptus, poplar and bamboo. The effluent and
sludge generated by the process is treated in activated
sludge process for the biological removal of organics.
Vermicomposting set up
Dewatered secondary sludge was collected in large-sized
plastic containers and then brought to the laboratory for
further processing. Sludge was mixed with composted
material in different proportions Set up: 1 (95:5) Set up: 2
(80:20) and Set up: 3 50:50) to maintain the moisture
content and reduce the toxicity level of the secondary
sludge for the adaptation of worms. Vermicomposting experiments were performed in plastic trays. No external
addition of Nitrogen (N) and Phosphorus (P) was added
during vermicomposting. pH, temperature and moisture
were maintained in the range of 7.5–8.5; 27–30 °C and
60–75 %, respectively throughout the period of study (for
90 days). The trays were covered with a jute mat and were
kept in the shed. The composted material with earthworm
1 kg was spread and mixed at the top layer. Normally (1 kg
worms present in 10 kg dry material). Earthworm species
Eisenia fetida were obtained from a stock culture of Krishi
Vigyan Kendra (KVK) Tepla Ambala, Haryana an ICAR
unit of Govt. of India, with decomposed cow dung spiked
with plant litters. Wheat straws (WS) were used to prepare
as bedding materials for the experiments.
Further in another set chlorophenols degradation ability
E. fetida was observed in sludge (proportion like set up: 2)
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with artificially spiked concentration of PCP in the sludge
at the rate of 100 mg/kg and mixed thoroughly in plastic
trays mentioned above and inoculated E. fetida and incubated under the same condition for 3 months. The tray
were covered with jute mate to maintain the pH; temperature, moisture as mentioned as before.
Sludge characterization
The sludge sample were analysed for physiochemical
characteristic such as moisture, pH, carbon, hydrogen,
nitrogen, sulphur, zeta potential, absorbable organic
halogen (AOX) and extractable organic halogen (EOX).
Two grams of sludge sample was taken and dried into
oven at 105 °C for 24 h. The sample was then grinded in
mortar pestle to get particles having size of about 0.1 mm.
The dried sludge sample (10-100 mg) was taken for
CHNS analysis using Elemental analyzer (Thermo Scientific, USA). Zeta potential was analysed by maintaining
pH of the sample to neutral and placing the sample in zeta
potential analyzer, Muteck SZP06 (BTG Mutek GmbH,
Germany). The AOX and EOX concentrations were determined using Euroglas Netherlands instrument ECS2000 according to the manufacturer’s recommended
procedure.
Determination of chlorophenol
Chlorophenols extraction and analysis was done by
(NCASI (1986) method CP-85.01) method with a little
modification. Secondary sludge samples were taken in ice
bath and sonicated using a Sonicator (SG-25) Roop Telesonic Ultrasonics Ltd. India with variable power intensity
between 3 and 7.4 W/cm2 and a frequency of 24 kHz. The
sample was immersed in ice and sonicated for total of
10 min with 1.5 min burst followed by 5 min rest in ice.
Next added 1.3 ml K2CO3 (pH 11.5) again sonicated for
2 min and added 1.5 ml of acetic anhydride and sonicated
for 2 min again added 0.5 ml acetic anhydride further
added 5 ml of hexane and again sonicated and centrifuged
and further extracted with hexane. After centrifugation at
10,000 rpm for 15 min, the supernatant was used to analyse the chlorophenols.
The GC analysis were performed in electron capture
detection mode with a gas chromatograph Nucon GC-5765
(Centurion Scientific, India) capillary column DB-5 (30
meter length 0.025 mm i.d. 0.25 lm film thickness) was
used at a temperature program of 50 °C (2 min) then raised
to 10 °C/min to 280 °C where it was held for 10 min.
Helium was used as the carrier gas at a constant flow of
1.2 ml/min. The samples were analysed in splitless mode at
an injection temperature of 250 °C and detector temperature 280 °C. The injected volume was 0.1 ll.
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Determination of metals
Metals was determined as per (APHA 1995) first sludge
sample was digested with nitric and perchloric acid (3:1)
and filtered through Whatman no. 42 paper. The filtrate
was used for characterization of phosphorus content and
the trace elements were analysed on furnace atomic absorption spectroscopy (AAS) and rest were analysed on
flame AAS. The hydride forming elements were analysed
using hydride generator.
Statistical analysis
Data were statistically analysed by analysis of variance
(ANOVA) and the mean differences were compared by
Tukey–Kramer Multiple Comparison Test at p \ 0.05. All
experiments were performed in three replicates and analyses were performed using GraphPad Prism (v 4.03)
software. (CA, USA).

Results and discussion
Characterizations of sludge
In recent time, interest for vermicomposting (using earthworms to breakdown organic materials) has increased
(Hand 1988; Edwards 1988; Edwards and Bohlen 1996)
due to its potential. In its basic form, this is a low-cost
technology system that primarily uses earthworms in the
processing or treatment of organic wastes (Hand 1988).
Certain species of earthworm can consume organic material residuals very rapidly and fragment them into much
finer particles and reducing the pollutants by passing them
through a grinding gizzard. The earthworms derive their
nourishment from microorganisms that grow upon these
materials. At the same time, they promote further microbial
activity since the fecal material or casts that they produce is
much more fragmented and microbially active than what
they consume (Edwards 1988; Edwards and Bohlen 1996).
During this process, the important plant nutrients in the
material (particularly the N, K, P and Ca) are released and
converted through microbial action into forms that are
much more soluble and available to plants than those in the
parent compounds. Therefore, first, collected secondary
sludge samples were characterized for various physical and
chemical characteristics such as pH, organic matter,
CHNS, AOX, and EOX described in (Table 1). All the
twelve different chlorophenols were also analysed and
described in (Table 2) and metals are described in
(Table 3). Sludge sample were rich in organic C, H, N and
S content. Vermicomposted material significantly modified
the physical and chemical properties of all sets mixtures.
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Table 1 Chemical characteristic of secondary sludge from pulp and
paper mill and material containing Eisenia fetida

Table 3 Metallic characterizations of secondary sludge and material
containing Eisenia fetida

Parameter

Material containing
worms

Metals

51.34 ± 1.8

Secondary
sludge

Moisture (%)

89.5 ± 2.1

Organic (%)

72 ± 1

Carbon (%)
Hydrogen (%)

24.2 ± 1.3
5 ± 0.5

78 ± 2.4
27.1 ± 2.1
2.4 ± 0.7

Secondary sludge
(mg/kg)

Material containing
worms (mg/kg)

Na

1,300 ± 19

2,110 ± 43

K

2,600 ± 26

5,033 ± 13

Mg
Ca

5,423 ± 12
1,400 ± 23

3,555 ± 19
4,929 ± 22

Nitrogen (%)

3.2 ± 0.6

1.5 ± 0.05

Al

2,900 ± 27

943 ± 12

Sulphar (%)

0.7 ± 0.01

0.5 ± 0.01

P

416 ± 11

368 ± 11

5.8 ± 1.1

2.2 ± 0.6

Fe

2,453 ± 41

1,791 ± 33

2,400 ± 67

580 ± 11

Cr

36 ± 7

2.8 ± 0.7

132 ± 6

Mn

133 ± 11

127 ± 2

8.4 ± 0.3

Co

2.0 ± 0.3

0.7 ± 0.02

Zn

19 ± 3

67 ± 2

Values are given as (Mean ± SE)

Ni

24 ± 1

1.8 ± 0.2

ND not detected

Cu

87 ± 4

18 ± 2

Cd

2 ± 0.05

0.1 ± 0.02

Kjeldhal Nitrogen (%)
AOX (mg/Kg)
EOX (mg/kg)
C/N ratio
Zeta potential (mv)

812 ± 16
7.5 ± 0.8
-15.2 ± 0.05

-12.1 ± 0.04

Pb

28 ± 3

3.2 ± 0.2

Table 2 Chlorophenols concentration in secondary sludge from pulp
and paper mill and also material containing Eisenia fetida

Hg

ND

ND

Se

ND

ND

Chlorophenolic
compounds

Secondary sludge
(mg/kg)

Material containing
worms (mg/kg)

As

ND

ND

Values are given as (Mean ± SE)

2,4,6-TCP

0.351 ± 0.02

\0.011

ND not detected

2,4,5-TCP

0.191 ± 0.01

ND

2,3,4,5-Tetrachlorophenol
3,4,6-Trichloroguacol

0.154 ± 0.06
0.153 ± 0.03

ND
ND

3,4,5-Trichloroguacol

0.123 ± 0.02

ND

4,5,6-Trichloroguacol

0.143 ± 0.04

ND

3,4,6-Trichlorocatecol

0.322 ± 0.07

ND

3,4,5-Trichlorocatecol

0.373 ± 0.01

ND

Tetrachloroguaiacol

0.362 ± 0.01

ND

Tetrachlorocatecol

0.312 ± 0.02

ND

Trichlorosyringol

0.299 ± 0.01

0.05

Pentachlorophenol

0.345 ± 0.01

ND

Values are given as (Mean ± SE)
ND not detected

The vermicompost was much darker in color than before
and has been processed more homogeneous mixture after
90 days of earthworm activity, the pH observed normal
about 7.2 in the final vermicompost. Organic percentages
were increased after composting for Set 1 it increased 36 %
for Set 2; 35 % whereas for Set 3, it increased up to 50 %.
The C:N ratio, one of the most widely used indicating for
maturity of organic waste. In our experiments C:N ratio
was between 9.4 and 18.4 after 90 days of worms activity.
In Set 1, we observed 9:4; in Set 2, 13:4 and Set 3, 18:4. In
initial stage, C:N ratio was 8:4 for Set 1, 9:3 for Set 2 and
was 14:3 for Set 3. According to Senesi (1989) a decline of
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C:N ratio to less than 20 indicates an advanced degree of
organic matter stabilization and reflects a satisfactory degree of maturity of organic waste. Total K and N were also
increased by the end of vermicomposting due to mineralization of organic matter. Previously Benitez et al. (2000)
has also reported that decomposition of organic materials
by earthworm accelerates the N mineralization process and
subsequently changes the N profile of the substrate.
Kaushik and Garg (2004) have reported a 2.0–3.2 fold
increase in TKN during vermicomposting of textile mill
sludge mixed with cow dung and wheat straw. Therefore,
vermicomposting is a considerable technology for the
waste or specially sludge to increase the soil nutrient
condition. Different organochlorine contaminants like
AOX and EOX in the sludge were analysed (described in
Table 4). AOX values ranged from 451 to 5,140 mg/kg dry
solids. However, 93–95 % decreases in the AOX and
90–92 % decrease in EOX level, after composting which
makes it less toxic more stable and reliable material for
use. Earthworms accumulate many lipophilic organic pollutants from the surrounding soil environment not only
through passive absorption through the body wall of the
dissolved fraction in the interstitial water but also by intestinal uptake during the passage of soil through the gut.
The accumulation increases as the concentration of the
pollutant in the soil environment (Belfroid et al. 1995a, b).

0.020 ± 0.01cE

ND

ND

Tetrachloroguaiacol

Trichlorosyringol

0.026 ± 0.001cD

3,4,5Trichlorocatecol

Tetrachlorocatecol

ND

3,4,6Trichlorocatecol

0.063 ± 0.001fC

ND

ND
ND

3,4,6-Trichloroguacol

3,4,5-Trichloroguacol
4,5,6-Trichloroguacol

0.132 ± 0.02eA

ND

2,3,4,5Tetrachlorophenol

0.243 ± 0.03 dB

0.289 ± 0.03dA

0.341 ± 0.02cA

0.286 ± 0.03dC

0.267 ± 0.02 dB

0.289 ± 0.01dA

0.086 ± 0.002fB
0.122 ± 0.02eA

0.171 ± 0.05eA

0.012 ± 0.01dE

ND

Control (without
worms)

2,4,6-TCP

After 3 month

Chlorophenolic
compounds (mg/kg)

764 ± 27bB

1,989 ± 23aC

0.296 ± 0.03cA

0.287 ± 0.02dA
0.254 ± 0.01dA

0.323 ± 0.01cA

0.310 ± 0.03cB

0.276 ± 0.02dA

0.107 ± 0.04eB

0.101 ± 0.06eA

0.105 ± 0.04eB

0.110 ± 0.011eB

0.152 ± 0.022eB

0.303 ± 0.06cA

After 1 month

2,4,5-TCP

2,674 ± 19aA

957 ± 26bA

0.327 ± 0.043cA

Pentachlorophenol

AOX

0.312 ± 0.022dA
0.296 ± 0.056dA

Tetrachlorocatecol
Trichlorosyringol

EOX

0.354 ± 0.04cA

0.343 ± 0.04cA

0.305 ± 0.08dA

3,4,6-Trichlorocatecol

3,4,5-Trichlorocatecol

0.136 ± 0.02eA

4,5,6-Trichloroguacol

Tetrachloroguaiacol

0.150 ± 0.062eA

0.117 ± 0.03fA

3,4,6-Trichloroguacol

0.148 ± 0.02eA

2,3,4,5Tetrachlorophenol

3,4,5-Trichloroguacol

0.335 ± 0.022cA

0.182 ± 0.071eA

2,4,6-TCP

2,4,5-TCP

Mixed Secondary
sludge ? composted
material 5 %
(untreated)

Chlorophenolic
compounds (mg/kg)

73 ± 16bE

198 ± 12aF

0.177 ± 0.01cC

0.152 ± 0.01cB

0.157 ± 0.04cB

0.182 ± 0.03cD

0.188 ± 0.05cC

0.167 ± 0.02cC

0.062 ± 0.001 dB
0.072 ± 0.003dC

0.077 ± 0.001dC

0.078 ± 0.001 dB

0.098 ± 0.002 dC

873 ± 26bA

2,497 ± 16aA

0.333 ± 0.03cA

0.320 ± 0.04dA
0.278 ± 0.02dA

0.310 ± 0.04dA

0.349 ± 0.02cA

0.307 ± 0.03dA

0.039 ± 0.001fD

0.119 ± 0.01gA

0.057 ± 0.002gC

0.146 ± 0.03eA

0.095 ± 0.001fC

0.345 ± 0.03cA

Control (without
worms)

0.122 ± 0.04cB

0.124 ± 0.03cB

0.099 ± 0.02cD

0.113 ± 0.07cC

0.122 ± 0.06cC

0.031 ± 0.001dC
0.034 ± 0.001dD

0.019 ± 0.001dD

0.022 ± 0.001dC

0.029 ± 0.001dE

0.100 ± 0.003cD

After 1 month

0.022 ± 0.001cCD

0.019 ± 0.001cD
0.021 ± 0.001cD

0.014 ± 0.001cE

0.021 ± 0.01cD

0.12 ± 0.01dDE

ND

ND

ND

ND

ND

0.012 ± 0.01dE

After 3 month

Mixed secondary sludge
? composted material
50 %

278 ± 29bD

739 ± 41aE

0.143 ± 0.02cB

0.136 ± 0.02cB
0.118 ± 0.02dC

0.134 ± 0.01cD

0.120 ± 0.02dC

0.150 ± 0.02cC

0.038 ± 0.001fD

0.042 ± 0.001fC

0.039 ± 0.03fD

0.043 ± 0.05fC

0.075 ± 0.06eD

0.142 ± 0.01cC

After 2 month

0.049 ± 0.001cD

0.043 ± 0.001cD

0.019 ± 0.001dE

0.034 ± 0.003cD

0.026 ± 0.001dD

ND
ND

ND

ND

ND

0.025 ± 0.002dE

After 2 month

765 ± 12bB

2,413 ± 22aB

0.276 ± 0.02cA

0.250 ± 0.04 dB
0.240 ± 0.02 dB

0.290 ± 0.02cC

0.298 ± 0.01cB

0.258 ± 0.03dA

0.115 ± 0.001A

0.098 ± 0.001fA

0.122 ± 0.03eA

0.124 ± 0.01eB

0.152 ± 0.02eB

0.280 ± 0.03cB

Mixed secondary
sludge ? Composted
material 20 %

ND

ND

ND

ND

ND

ND
ND

ND

ND

ND

ND

After
3 month

219 ± 13bD

678 ± 41aE

0.122 ± 0.07cB

0.089 ± 0.01dC
0.097 ± 0.01dC

0.125 ± 0.06cD

0.103 ± 0.02dC

0.086 ± 0.01dD

ND

ND

ND

ND

0.099 ± 0.07dC

0.101 ± 0.02dD

After 2 month

0.153 ± 0.02 dB

0.163 ± 0.01cB

0.178 ± 0.06cD

0.185 ± 0.04cC

0.153 ± 0.06dC

0.071 ± 0.03fB
0.063 ± 0.01fC

0.072 ± 0.01fC

0.56 ± 0.01fB

0.086 ± 0.01eC

0.113 ± 0.02eD

Control (without
worms)

513 ± 11bC

1,786 ± 23aC

0.232 ± 0.04dA

0.221 ± 0.02 dB
0.219 ± 0.02 dB

0.262 ± 0.07cC

0.252 ± 0.06cB

0.218 ± 0.03 dB

0.076 ± 0.01fC

0.067 ± 0.02fB

0.099 ± 0.01eC

0.086 ± 0.002fB

0.110 ± 0.03eC

0.220 ± 0.03dC

After 1 month

Table 4 Chlorophenols concentration in three different sets before and after treatment with Eisenia fetida, results shown of every month analysed chlorophenols concentration and also
compared with control (untreated)
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The secondary sludge sample was also characterized for 12
chlorophenolic compounds identified by USEPA as carcinogenic compound described in later section.
Chlorophenol concentration

ND not detected

Values sharing common lowercase letter within column and uppercase letter within row are not significant at P \ 0.05 value. Data are mean and standard deviation of triplicates. All the
concentration represented in the table in mg/kg

567 ± 17bC
52bE
198 ± 13bD
456 ± 15bC
612 ± 21bC
45 ± 11bE
EOX

713 ± 17bB

0.187 ± 0.02cB
ND

128aF
697 ± 24aE

0.056 ± 0.003cC
0.119 ± 0.03cB

1,532 ± 21aD
2,367 ± 43aB

0.175 ± 0.03cB
0.255 ± 0.01dA
0.012 ± 0.01dD

134 ± 17aF

Pentachlorophenol

AOX

2,363 ± 28aB

After
3 month
After 2 month
After 1 month
Mixed secondary sludge
? composted material
50 %
Control (without
worms)
After 3 month
Chlorophenolic
compounds (mg/kg)

Table 4 continued

2,287 ± 29aB
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Control (without
worms)
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Chlorophenols are important biocides and as by-product of
bleaching in the pulp and paper industry. Their widespread
use has resulted in broad distribution of these compounds
in the environment. Environmental contamination with
chlorophenols is widespread due to the importance of these
chemicals as industrial intermediate, pesticides and solvents. Eisenia fetida can be a significant fate for the
chlorophenol removal because physical and chemical
methods are not feasible due to high cost and generate
secondary pollutants and a single microorganism is unable
to mineralize a wide range of different chlorophenols. Field
and Sierra-Alvarez (2008) wrote a comprehensive review
on the aerobic and anaerobic biotransformation of
chlorophenols by microorganism. From the present result,
we found that all the 12 different chlorophenols decreased
significantly as compared to control having very high
concentration (Table 4). Chlorophenols were decreased
gradually with time; at 90 days from all the three sets, we
did not observe any chlorophenols from the sample
whereas in control chlorophenols, concentration was remaining the same (Table 4). From the 2nd experiment
having spiked concentration of PCP about (100 mg/kg)
after 90 days, we found that there is also significant decrease in the concentration of PCP and left about 0.02 mg/
kg, which shows that vermicomposting having high potential for the removal of chlorophenol from the pulp and
paper mill sludge. It is well-established that a large number
of organic wastes can be ingested by earthworm and
egested as peat-like material termed as vermicompost.
Edwards (1988); Kaushik and Garg (2003, 2004) have reported the vermicomposting of textile mill sludge using
Eisenia fetida. Butt (1993) showed that solid paper mill
sludge was a suitable feed for Lumbricus terrestis under
laboratory conditions. Elvira et al. (1998) have reported
vermicomposting of paper mill sludge using Eisenia andrei
under laboratory as well as field conditions and found
suitable for mineralization and compost formation.
Some report also indicates that other annelids, such as
aquatic Polychaetes, can metabolize benzopyrene, because
they possess cytrochrome P450 enzymes capable of degrading this compound (Driscoll and McElroy 1997). The
same enzymatic activity was found in terrestrial earthworms such as Eisenia fetida (Achazi et al. 1998). This
may be a reason for Eisenia fetida to remove organic
compounds and metabolize successfully. Autochthonous
microorganisms degrade hydrocarbons (Johnsen et al.
2005), but if earthworms are added to soil, they will

5,097 ± 21aB

ND

67.0 ± 4gC

2.8 ± 1jB

Pb

18.5 ± 2hB

Cu

0.6 ± 0.1kC

13.9 ± 2iB

Ni

Zn

124 ± 5fB
1.3 ± 0.3A

Mn
Co

Cd

2,015 ± 13eA

3,963 ± 12bB

Ca

12.3 ± 2iB

2,469 ± 12 dB

K

Fe

5,739 ± 14aA

Al

Cr

1,898 ± 6eA

3,575 ± 19cA

Na

Mg

3.3 ± 1iA

0.6 ± 0.1jC

64.23 ± 2fC

19.1 ± 1gB

13.8 ± 2hB

113 ± 4eC
0.97 ± 0.1B

10.9 ± 1hC

1,876 ± 21cB

2,817 ± 11bD

2,002 ± 9cC

4,716 ± 17aC

2,794 ± 21bC

1,634 ± 45 dB

ND

As

ND

ND

Control (without
worms)

ND

Se

2.2 ± 0.5jB

0.8 ± 0.1jB

13.5 ± 13iA
128 ± 12fAA

After 3 month

ND

Hg

Metals (mg/kg)

3.7 ± 1jA

Pb

77.8 ± 12gA

74.5 ± 7gB

1.0 ± 02iA

15.5 ± 3hA

22.5 ± 2hB

Ni

Cu

Zn

16.1 ± 2iA
24.8 ± 2hB

1.2 ± 1iA

Co

Cd

1.1 ± 0.2jA

12.4 ± 2 hB
124 ± 21fB

Cr
Mn

2,100 ± 17dA

3,898 ± 35bB

3,561 ± 32bCB

2,025 ± 14dA

Ca

2,100 ± 22dC

Fe

4,894 ± 33aC

1,850 ± 13cD

Al

K

3,287 ± 23cB

1480 ± 43eC

1,346 ± 20eD

3,046 ± 26cB

Na

After 1 month

Mixed secondary sludge
? composted
material 5 %

Mg

Metals (mg/kg)

ND

ND

ND

4.0 ± 1iA

1.0 ± 0.2jA

1,214 ± 23dD

2.7 ± 1iB

0.5 ± 0.1jC

55.2 ± 3fD

14.9 ± 2gD

9.6 ± 2hD

95 ± 2eE
0.8 ± 0.2j

7.7 ± 2D

1,412 ± 3dC

2,154 ± 12bE

2,102 ± 16bC

3,055 ± 45aE

2,422 ± 24bD

ND

ND

ND

3.3 ± 1j

0.8 ± 0.1kB

74.1 ± 12gB

21.87 ± 3hB

15.3 ± 2iA

1.0 ± 0.2kB

11.9 ± 2iB
129 ± 11fA

1,350 ± 12dD

2.5 ± 1iB

0.6 ± 0.1C

56.5 ± 6fD

15.9 ± 1gD

10.2 ± 2hD

105 ± 11eC
1.2 ± 0.2iA

7.5 ± 2h

1,450 ± 9dC

2,300 ± 6cE

2,466 ± 11cB

3,340 ± 23a

2,600 ± 15bC

ND

ND

ND

3.4 ± 1iA

0.7 ± 0.1jB

65.8 ± 4fC

19.9 ± 3gB

13.3 ± 2hB

1.2 ± 0.2jA

11.5 ± 2hB
112 ± 2eC

1,902 ± 4cA

1,455 ± 17dC

2.4 ± 1jB

0.7 ± 0.2kB

57.2 ± 4fD

16.2 ± 3gD

10.7 ± 2hC

115 ± 2eC
1.1 ± 0.2kA

7.5 ± 2hD

1,452 ± 11dC

2,542 ± 9cD

2,780 ± 8bA

3,600 ± 12aD

3,078 ± 19bB

ND

ND

ND

1,466 ± 23dC

2.4 ± 1iB

0.7 ± 0.1jB

57.2 ± 6fD

16.2 ± 2gD

10.7 ± 1gC

117 ± 11eC
1.1 ± 0.3jA

5.7 ± 2hE

1,446 ± 15dC

2,662 ± 11cD

2,818 ± 12cA

3,724 ± 19aD

3,106 ± 13bB

ND

ND

ND

3.0 ± 1jA

0.5 ± 0.1kC

66.5 ± 6gC

19.0 ± 2hB

13.7 ± 1iB

1.1 ± 0.1A

12.1 ± 2iB
124 ± 6fB

2,012 ± 12eA

3,789 ± 13bB

2,450 ± 12 dB

5,597 ± 21aA

3,520 ± 22cA

1,850 ± 2eA

After 2 month

3.1 ± 1iA

0.4 ± 0.1jD

54 ± 5fE

14.7 ± 3gD

9.4 ± 2hD

87 ± 13eE
0.7 ± 0.2jC

7.1 ± 2hD

1,398 ± 17dC

2,107 ± 16cE

2,023 ± 11cC

3,032 ± 23aE

2,403 ± 12bD

1,321 ± 33dD

Control (without
worms)

3.0 ± 1jA

0.5 ± 0.1kC

66.0 ± 4gC

19.5 ± 2hB

13.5 ± 1iB

1.2 ± 0.1A

12 ± 1iB
115 ± 21fC

1,995 ± 2dA

3,200 ± 21bC

2,300 ± 31cB

5,096 ± 67aB

3,300 ± 76bB

1,680 ± 16eB

After 1 month

After 3 month

2,854 ± 13bD

2,037 ± 12cC

4,729 ± 21aC

2,843 ± 12bC

1,693 ± 4 dB

Mixed secondary
sludge ? composted
material 20 %

After 2 month

2,017 ± 13dA

3,572 ± 12bB

1,798 ± 31dD

4,767 ± 12aC

3,012 ± 22cB

1,332 ± 21eD

Control (without
worms)

After 1 month

82.2 ± 13fA

28.2 ± 10gA

16.7 ± 2hA

1.2 ± 0.5jA

14.1 ± 2hA
130 ± 21eA

2,156 ± 12dA

4,526 ± 31bA

2,378 ± 13 dB

5,505 ± 32aA

3,619 ± 13cA

1,594 ± 12eB

After 3 month

Mixed secondary sludge
? composted material 50 %

ND

ND

ND

0.9 ± 0.05iC

0.0kE

80.9 ± 11fA

27.5 ± 3gA

16.5 ± 2hA

1.2 ± 0.4iA

13.9 ± 2hA
130 ± 41eA

2,150 ± 87dA

4,400 ± 23bA

2,320 ± 56 dB

5,476 ± 44aA

3,690 ± 43cA

1,568 ± 22eB

After 2 month

Table 5 Metallic concentrations in all the three sets before and after treatment. Metal concentration was observed at every month shown in table composted by Eisenia fetida
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improve aeration, and stimulate microbial activity, thus
increasing biodegradation. Eijsackers et al. (2001) reported
that there was a steady decrease in the concentrations of
Phenenthrene in soil when they added worms and only very
low concentrations of Phenanthrene were detected after
40 days.
Metal concentration

ND not detected

Values sharing common lowercase letter within column and uppercase letter within row are not significant at P \ 0.05 value. Data are mean and standard deviation of triplicates. Metals
described in the table in mg/kg

ND

ND
ND
ND
ND
ND
ND
As

ND

ND

ND
ND

ND
ND

ND
ND

ND

ND
Se

ND
ND
Hg

ND

After 3 month
After 2 month
After 1 month
Mixed secondary sludge
? composted material 50 %
Control (without
worms)
After 3 month
Metals (mg/kg)

Table 5 continued

ND
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Control (without
worms)

60

Metals concentration in present sludge having higher
concentration is described in (Table 5) because of various
source such as metal in the raw material and process involved in pulping and paper-making stage. So, the vermicompost made from pulp and paper mill sludge may have
higher metal concentrations. Many metal in the sludge
mentioned in table is essential and plays significant role for
the plant growth and nutrition, but sometime in higher
concentration may have detrimental effect on the plant
growth. Therefore, before application of the composted
material, determining the heavy metals concentration is
needed. From the present study, we found that after vermicomposting metals concentration was increased in the
composted material as compared to before, in as such
sludge. Essential elements such as Na, K, Mg, Ca which is
necessary for the plant growth, metabolism were increased
after composting these metals also need for external supply
for the plant growth. Previously, Suthar and Singh (2008)
have reported that an earthworm processed waste material
contains a higher concentration of K due to enhanced microbial activity during the vermicomposting therefore, enhances the rate of mineralization. Garg and Kaushik (2005)
have also reported an increase in Ca content during the
vermicomposting of industrial waste. Result showed that
heavy metals such as Fe, Cu, Zn, Cr, Ni concentration in
the final vermicompost in all three sets were slightly increased as compare to the initial concentration described in
(Table 5). High concentration of Cu and Cr may be
harmful for the plant but Zn having beneficial effect to
plants. Pb and Cd concentration in final vermicomposted
material shown decreased which is more toxic to the plants.
Wang et al. (2013) also evaluated the role of earthworm in
the sewage sludge and observed the reduction of Pb and Cd
concentration after vermicomposting. Al concentration was
also increased in the composted material. Singh and
Kalamdhad (2012) reported that, the contents of total
metals (Fe, Cu, Zn Cr, Ni) concentration increased during
the water hyacinth (Eichhornia crassipes) composting
process. Likewise, similar results were obtained by Singh
and Kalamdhad (2013) concerning the increase of these
heavy metals during the vermicomposting of water hyacinth employing E. fetida. Hait and Tare (2012) reported
in their experiments that vermicomposting caused a significant increase in total heavy metals (Cu, Co, Fe, Mn, Zn,
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Cr) contents and a significant decrease in water-soluble
heavy metals contents as compared to the compost material. Heavy metal like Hg, Se, As was not found in the
present sludge. Metal such as Co, Mn was also increased
which plays a major role as micronutrients and this result is
supported by the finding of Hait and Tare (2012). Elvira
et al. (1998) also reported an increase in heavy metals
concentrations in vermicompost of paper mill sludge.
Deolalikar et al. (2005) suggested that weight and volume
reduction due to breakdown of organic matter during vermicomposting may be the reason for increase in heavy
metal concentrations in vermicompost. In present results,
we also observed weight loss which was about 13, 17 and
20 % gradually for Set 1, Set 2 and Set 3.

Conclusions
We would like to recommend that earthworms (Eisenia
fetida) have a great potential to remove chlorophenol from
the sludge, even mineralize many metals that are resistant
to degradation. Earthworm is extremely resistant to toxic
chlorophenols and able to tolerate the high concentrations,
normally not present in the soil. Applying Eisenia fetida to
a contaminated sludge/site might be an environmentally
friendly way to remove the chlorophenols.
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