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ABSTRACT 
The aim of this study was to evaluate the vermicompost formed from three different mixing ratios (T1 (1:1), T2 (2:1), T3 (3:1)) of pulp 
and paper industry secondary sludge with a fixed quantity of saw dust used as a carbon source and spiked with cow dung and effective 
microorganisms (Rhodopseudomonas, Lactobacillus and Saccharomyces spp.) by using it as an earthworm feed. The epigeic earthworm 
Eudrilus eugeniae (Kinberg) was used in this study to stabilise the waste under laboratory conditions. Efficacy of the resulting compost in 
supporting plant growth was also tested with tomato (Lycopersicum esculentum) F1 hybrid Ruchikar seeds. At the end of the vermicom-
posting process, the vermibeds showed a significant decrease in the total organic carbon (10 to 14%) content and increase in total nitrogen 
(51-68%), phosphorous (170-206%) and potassium (127-180%). The content of heavy metals (Pb, Cd, Ni and Cu) was lower in the final 
product than in initial feed mixtures. Phytotoxicity tests like germination index and vigour index showed that the resulting composts were 
less phytotoxic. Among the three treatments, T2 (pulp and paper sludge mixed with sawdust in a ratio of 2:1 and spiked with cow dung 
and effective microorganisms) showed significantly higher (P < 0.05) seed vigour and germination index than the other two treatments T1 
(1:1 ratio) and T3 (3:1 ratio). The vigour index values were: T1 (1225), T2 (1714) and T3 (1228). The order of germination index among 
three treatments was T2 (77) > T3 (66.5) > T1 (60). Thus the epigeic earthworm E. eugeniae, along with inocula like cow dung and 
effective microorganisms, can easily degrade pulp and paper industry waste. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
The solid waste from pulp and paper industry especially the 
treatment plant sludge is an important source of organic 
material and nutrients (Kunzler 2001). However, the pro-
duction of large quantities of this organic waste poses major 
environmental (contamination of ground water and soil) and 
disposal problems. Therefore, the disposal of this waste has 
become very important issue for maintaining healthy envi-
ronment. In general, waste water treatment sludge consti-
tutes the largest residual waste stream generated by the pulp 
and paper mills in terms of volume (Krigstin and Sain 
2006). The amount and the composition of this solid waste 
depend on the paper grade produced, the raw materials used, 
the process techniques applied and the paper properties to 
be achieved. Although, the sludge contains high levels of 
organic matter and nutrients like nitrogen, potassium, phos-
phorus and calcium etc., these components are generally not 
in forms that are directly or immediately available to crops 
(Sharma et al. 2002). Mineral release will only occur when 
the sludge is broken down by the micro-organisms or earth-
worms in the soil. It has been suggested that vermicom-
posting by earthworms are excellent method in the manage-
ment of industrial sludge (Elvira et al. 1998). Therefore, 
stabilisation (vermicomposting) of the sludge prior to ap-
plication can affect all the breakdown processes prior to 
application, providing a humus-rich, concentrated amend-
ment with favourable physical and structural properties. 

Various investigators have established the viability of 

this technology as a treatment system for agro-industrial 
sludge (Suthar 2010), beverage industry sludge (Singh et al. 
2010) distillery sludge (Suthar 2007; Suthar and Singh 
2008), food industry sludge (Yadav and Garg 2009), sago 
sludge (Banu et al. 2008a, 2008b), sugar mill sludge (Sang-
wan et al. 2008), tannery sludge (Cardoso-Vigueros and 
Ramirez-Camperos 2006; Dheepa et al. 2006) and textile 
industry sludge (Garg et al. 2006). Though several resear-
ches were concentrated on the various industrial sludge, 
rich in carbon content, only a few studies are currently 
available that report on vermicompost from pulp and paper 
mill sludge with earthworms (Umamaheswari and Vijaya-
lakshmi 2003; Garg et al. 2006; Nath and Deb 2008; Kaur 
et al. 2010). Nath and Deb (2008) vermicomposted the mix-
ture of different paper mill solid wastes using locally avail-
able earthworms. Kaur et al. (2010) studied the efficacy of 
Eisenia fetida in bioconverting paper mill sludge mixed 
with cattle dung. Garg and Kaushik (2005) studied the ver-
mistabilization of textile mill sludge spiked with poultry 
droppings by an epigeic earthworm Eisenia foetida. In the 
present study we used secondary sludge of pulp and paper 
industry because of it being a rich source of nutrients and 
organic matters (Kunzler 2001); however, these components 
are generally not in the forms that are directly or immedi-
ately available to crops. Stabilisation of the secondary 
sludge in the form of vermicomposting, prior to the applica-
tion can affect the breakdown of complex substances with 
least phytotoxicity. The vermicomposting process is a result 
of the combined action of the earthworms and microflora 
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living in earthworm intestines and in the growth medium 
(Sivakumar et al. 2009). Sawdust normally used as co-
composting material and as a carbon source can improve 
the microbial activity in the composting process. Thus, the 
aim of recycling the nutrients in the secondary sludge of 
pulp and paper industry, the present investigation was star-
ted to check the effect of different ratios of pulp and paper 
industry sludge (secondary sludge) and sawdust as earth-
worm (Eudrilus eugeniae) food with microbial inoculants 
and cow dung for vermicompost preparation on nutrient sta-
tus and phytotoxicity status of the resulting vermicompost. 

 
MATERIALS AND METHODS 
 
General 
 
The E. eugeniae (Kinberg) culture was obtained from Tamil Nadu 
Agricultural University, Coimbatore and stock culture was main-
tained in our laboratory for further studies using cow dung as food. 
 
Raw materials 
 
Fresh, dried and urine free cow dung (CD) used in this study was 
collected from the local dairy farm. The secondary sludge with 40-
50% moisture content sludge (PS) was collected from a Pulp and 
Paper industry in Kagithapuram, Karur, India. The sludge was fur-
ther dried for a week to reduce the moisture levels. The saw dust 
(SD) was collected from the saw mill located in Kavundampala-
yam, Coimbatore, India. Commercially available microbial inocu-
lum (EM) used in this investigation was obtained from Sriram 
Biotech, Coimbatore, India. The composition of EM has Rhodop-
seudomonas, Lactobacillus and Saccharomyces spp. The EM was 
prepared as prescribed by the manufacturer (4 ml/kg) and used in 
composting as one of the amendment to accelerate the composting 
process. The physico-chemical characteristics of PS, SD and CD 
are recorded in the Table 1. 

 
Experimental design 
 
The substrates for vermicomposting were prepared in dry weight 
basis by mixing a 1:1 ratio of 2.5 kg of PS and 2.5 kg of SD (T1), 
3.3 kg PS and 1.7 kg of SD for 2:1 (T2) ratio and 3.75kg of PS and 
1.25 kg of SD for 3:1 (T3) ratio with a fixed quantity of CD (500 
g) and EM in bins made of earthen material (dimensions 60 × 29 × 
20 cm). All treatments were initially subjected to pile composting 
for a period of 15 days to reach the thermophilic temperatures, 
after which they were shifted to earthen containers for vermicom-
posting process. The adult and uniform size of the earthworm E. 
eugeniae (635 ± 52.3 mg of single worm weight) of 75 numbers 

were collected from stock cultures and introduced into the vermi-
bins. Earthworms that did not burrow into the bins by the fol-
lowing day were removed and new ones were introduced. The 
moisture content was maintained around 40-50%. To prevent the 
sun light penetration, the bins were closed with an iron mesh lid 
and they were covered by dry leaves. Once a week, the moisture 
loss was compensated with the addition of 400 ml distilled water. 
Containers were placed in humid and dark place with a tempera-
ture of about 28.5 ± 0.5°C. The vermicomposting process was 
carried out for 30 days time period in all the treatments and the 
physico-chemical parameters were analysed in all the treatments at 
7 days time interval. At the end of the vermicomposting period (90 
days), all parameters were reached steady state. Therefore, we pre-
sent here the results obtained on the 90th day. All the samples were 
analysed on dry weight basis in triplicates and results were ave-
raged. 

 
Chemical analyses 
 
pH and electrical conductivity (EC) were measured in 1/50 (w/v) 
aqueous solution after 30 minutes stirring using digital pH meter 
(model no.335, Elico, India) and EC meter (CM 180, Elico, India) 
respectively. Chemical parameters like total organic carbon (TOC), 
total Kjeldhal nitrogen (TKN), potassium (K), phosphorous (P), 
C:N ratio and heavy metals (Pd, Cr, Cd, Ni and Cu) were mea-
sured for all the treatments before the introduction of the earth-
worms and after each 7 day interval, up to 30 days using standard 
methods. Total organic carbon was determined by Walkley and 
Black wet oxidation with potassium dichromate as described by 
Jackson (1973). 

Total nitrogen (N) was determined by micro Kjeldhal method 
(Jackson 1973). C/N ratio was calculated from the measured val-
ues of C and N. Total P was determined based on the standard 
vanado phosphomolybdate yellow colour method using spectro-
photometer (AA 6200, Shimadzu, Japan) in the form of P2O5. 
Total K was determined by standard method using flame photo-
meter (CL 22D, Elico, India) in the form of K2O. Total Pb, Cd, Cr, 
Ni and Cu were determined by means of atomic absorption spec-
trophotometer (AAS) (AA 6200, Shimadzu, Japan), after digestion 
of the sample with concentrate HNO3: concentrate HClO4 (4: 1, 
v/v). 

 
Phytotoxicity analyses: germination index (GI) 
and vigour index (VI) 
 
The phytotoxicity bio-assay indeed was determined by preparing 
water extracts (1: 5) with the vermicompost. Fifteen seeds of 
tomato (Lycopersicon esculentum) were placed, by triplicate, in 
Petri dishes (7 cm diameter) lined with �lter paper containing 1 ml 
of each extract. The control was prepared with distilled water. The 
percentage of germination was measured after incubating the 
covered Petri dishes in the dark at 28°C for 4 days (Mathur et al. 
1993a, 1993b; Saavedra et al. 2006). Germinated seeds were coun-
ted in both the control (Go- measured in the distilled water) and the 
sample (G) and radical growth (L) measured. 

The germination index (GI) was calculated, according to the 
formula (Mathur et al. 1993a, 1993b; Saavedra et al. 2006): 
 
Germination index (GI) = {(G/Go) × 100} × (L/Lo) 
 
where G and Go are the number of seeds germinated in vermicom-
post extracts, respectively, while L and Lo are the radical /root 
lengths observed in the sample and control, respectively. 

The vigour index (VI) of the seedlings was estimated as sug-
gested by Abdul-Baki and Anderson (1973): 
 
VI = L+SL×G% 
 
where L is root length (cm), SL is shoot length (cm) and G% is 
germination percentage. 

 
Statistical analysis 
 
One-way ANOVA followed by Duncan’s multiple-range test at the 
0.05 confidence level (P > 0.05) was performed to evaluate the 

Table 1 Physico-chemical characteristics of the raw materials used for 
vermicomposting. 

Raw materials Parameters 
Paper mill sludge Saw dust Cow dung 

pH 6.8 5.3 7.23 
EC μmhos/cm 3.5 0.4 0.80 
TOC % 22.38 54.4 26.53 
TKN % 0.95 0.26 0.89 
K % 0.75 0.32 0.38 
P % 0.24 0.52 0.48 
VS % 40.30 98 31 
COD mg/g 423 1245 554 
Moisture content % 55 44.50 35 
Chlorides % 2.32 BDL BDL 
Sulphates % 0.57 0.003 0.002 
Lead mg/kg 8.1 BDL 0.6 
Cadmium mg/kg BDL BDL BDL 
Nickel mg/kg 13.9 BDL BDL 
Chromium mg/kg BDL BDL BDL 
Copper mg/kg 36 6.2 31 
Iron mg/kg 33.2 3.9 220.6 
Manganese mg/kg 21.53 1.3 136.8 
Zinc mg/kg 15.6 BDL 193.4 

BDL- Below the detection limit 
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significance of the observed differences between the various treat-
ments in the different parameters: physico-chemical characteristics 
of compost, heavy metal contents of compost and GI and VI of 
plants. Statistical analyses were carried out with SPSS 12.0 for 
Windows. 
 
RESULTS AND DISCUSSION 
 
Physico-chemical changes during 
vermicomposting process 
 
As presented in Table 2, at the end of the composting pro-
cess pH in all the treatments was found to be nearer to neut-
ral pH (7) which is optimum according to Beulah and Par-
theeban (2001), who conducted composting with municipal 
solid waste. There was an increase in pH relative to their 
initial values (6.5) in all the treatments. However, there was 
no significant difference in pH values between the treat-
ments. Apparently, pH increase is due to degradation of 
short-chain fatty acids and ammonification of organic N 
(Tognetti et al. 2007). The EC values also showed a de-
creasing tendency when compared to initial values indi-
cating that the vermicompost is ideal for land application. 
Final EC values (0.89μmhos/cm for T1 and T2 and 0.92 
μmhos/cm for T3) were within the recommended value as 
soil amendment (Rynk 1992). The EC value was signifi-
cantly higher in T3 when compared to T1 and T2. 

Organic C was found to be lower at the end of the ex-
perimental period, when compared to the initial level in the 
treatments. The organic carbon (percent lower than initial) 
was recorded in the order: T1 (13.9%) > T3 (12.3%) > T2 
(10.1%) (Table 2), however, organic C values were signi-
ficantly differed between the treatments. In general, vermi-
composting process refers to the feeding of earthworms on 
organic matter and microbial degradation; therefore, both 
earthworm and microorganism play an important role in 
vermicomposting process (Suthar 2007). The type of mutu-
alism between the earthworms and the microorganisms is 
very much the cause for the degradation of organic matter 
leading to the release of CO2, which is nothing but mine-
ralisation of organic C. The results obtained in this study 
were consistent with the findings of Suthar (2007), Kannan 
et al. (2009), Pattnaik and Reddy (2009), Veeresh et al. 
(2010), Selladurai et al. (2010), who worked on various in-
dustrial wastes using various earthworm species. However, 
the differences in the carbon losses may be attributed to the 
differences in the composition of the substrate used (dif-
ference in the ratio of the mixture of paper sludge and saw 
dust). The maximum mineralisation was observed in the 
treatment T1 which may be related to the suitability of the 
substrate for the microbial growth and activity. Total N con-

tent in the final substrate was found to be higher. Maximum 
N increase was noted in T2 (68% of the initial amount) 
followed by T1 (58%) and T3 (51%). The present study re-
sults indicated that the earthworms accelerate the microbial 
mediated nitrogen transformation during the process of 
vermicomposting. However, the nitrogen mineralisation or 
the increase in the N levels in the final substrate may be 
attributed to the addition of excretory products of the earth-
worms, along with the mucus, body fluids and enzymes into 
the substrate. The nitrogen mineralisation pattern is very 
much dependent on the initial nitrogen content of the sub-
strate (paper sludge) and the activity of the earthworms in 
the waste composting system (Suthar 2007; Sivakumar et al. 
2009). Lower N mineralisation occurred in the treatments 
which received highest proportion of paper sludge i.e., T3 
(51%). The exact reason for the significant differences in 
the N content between the treatments is not known, how-
ever a detailed study is required. 

When compared to initial values, the observed increase 
in the P and K in all treatments showed that the activity of 
earthworm E. eugeniae along with microorganisms pro-
moted mineralization process and brought the nutrients to 
ready to use form for plant growth (Table 2). Maximum 
increase of P was recorded in T3 (206.25%) > T2 (176%) > 
T1 (170%). However, the levels of phosphorous were found 
to be high in the final vermicompost of treatment in the 
order as mentioned: T2 > T1 > T3. The organic matter when 
passes through the gut of the earthworms, the phosphorous 
is converted to more available forms. Similarly, further rel-
ease of P is aided by the phosphate solubilising microorga-
nisms in the vermicasts. Potassium levels were also found 
to show an increase in the final substrates when compared 
to their initial counterparts (T2 180% > T3 154% > T1 
127%). However the levels of K were found to be more in 
T3 followed by T2 and T1. These findings were similar to 
that reported by Delgado et al. (1995) in sewage sludge ver-
micomposts. According to Curry and Schmidt (2007), the 
earthworms prime the symbiotic microflora with secreted 
mucus and water to increase the degradation of ingested 
organic matter and release of metabolites. 

The final vermicomposted material showed a decrease 
in the heavy metal content. The reductions ranged between 
18.9% and 32.7% for Pb, 14.6% and 29.3% for Cd, 16.4% 
and 20.2% for Ni and between 9.6% and 19.2% for Cu 
(Table 3). The highest metal reduction was observed in 
treatment T2. This loss or reduction of heavy metals in the 
final vermicasts may be attributed due to leaching and bio-
accumulation of heavy metals in the earthworm body (Garg 
and Kaushik 2005). Thus the data reported here suggest that 
earthworms can effectively reduce the metal content in the 
substrate. 

Table 2 Physico-chemical characteristics of initial feed mixtures and vermicompost obtained from different vermicomposting bins (mean ± SD; n=3) 
pH EC TOC% TKN% Treatment 

initial final initial final initial final initial final 
T1 6.50 ± 0.20 7.00 ± 0.06a 1.80 ± 0.01 0.89 ± 0.02a 32.54 ± 2.39 13.94 ± 1.26c 0.68 ± 0.04 1.50 ± 0.06b 
T2 6.50 ± 0.20 7.00 ± 0.00a 1.80 ± 0.09 0.89 ± 0.04a 31.67 ± 2.04 10.12 ± 1.06a 0.62 ± 0.05 1.86 ± 0.16c 
T3 6.53 ± 0.06 7.07 ± 0.06a 2.10 ± 0.09 0.92 ± 0.01b 22.31 ± 2.51 12.30 ± 1.53b 0.67 ± 0.11 1.38 ± 0.04a 

C:N TP TK  Treatment 
initial final initial final initial final   

T1 47.86 ± 5.39 9.29 ± 3.79c 0.30 ± 0.02 0.81 ± 0.08b 0.52 ± 0.06 1.18 ± 0.06a   
T2 51.08 ± 3.58 5.44 ± 2.23a 0.30 ± 0.08 0.83 ± 0.09b 0.46 ± 0.06 1.29 ± 0.05b   
T3 33.29 ± 1.53 8.91 ± 1.01b 0.16 ± 0.06 0.49 ± 0.03a 0.56 ± 0.06 1.42 ± 0.09c   

Mean values followed by different letters are significantly different (P < 0.05, n = 3) according to Duncan’s Multiple Range Test (DMRT) 
 

Table 3 Heavy metal contents (mg/kg) of initial feed mixtures and vermicompost obtained from different vermicomposting bins (mean ± SD; n=3) 
Pb Cr Cd Ni Cu Treatment 

initial final initial final initial final initial final initial final 
T1 13.2 ± 0.8 9.1 ± 1.0a BDL BDL 0.41 ± 0.05 0.35 ± 0.03a 21.5 ± 1.2 17.5 ± 2.4a 32.2 ± 1.5 29.1 ± 1.5b

T2 16.8 ± 2.1 11.3 ± 0.9b BDL BDL 0.58 ± 0.02 0.41 ± 0.02b 25.8 ± 2.4 20.6 ± 2.1b 35.4 ± 3.9 28.6 ± 1.5a

T3 16.5 ± 1.8 15.8 ± 1.4c BDL BDL 0.62 ± 0.04 0.50 ± 0.01c 26.8 ± 2.1 22.4 ± 1.1c 38.7 ± 3.9 33.4 ± 2.1c

BDL- Below detectable levels 
Mean values followed by different letters are significantly different (P < 0.05, n = 3) according to Duncan’s Multiple Range Test (DMRT) 
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Phytotoxicity tests 
 
The immaturity of compost has a stronger effect on early 
seedling development; therefore it is necessary to evaluate 
the compost or vermicompost stability and maturity by 
these bioassays (Sanchez-Monedero et al. 2004). The com-
post is considered mature when the GI is higher than 60, 
compared to the control with distilled water (Zucconi and 
De Bertoldi 1987; Sanchez-Monedero et al. 2004). In the 
present study the GI values of T1 (60), T2 (77) and T3 
(66.5) (Table 4) were found to be above the values indi-
cated by Sanchez-Monedero et al. (2004) i.e., GI values 
above 60, ideal for land application. The GI values in all the 
treatments indicated (Table 4) that the end product is suf-
ficiently mature and free from phytotoxins. Similar results 
were obtained by Alfano et al. (2009) who analysed the 
phytotoxicity of olive waste compost residues. Similarly, 
the VI also plays an important role in the determination of 
harmful effects on plants during the early critical stages of 
in their development. The VI is determined here to find out 
the amount toxicity posed by the compost extracts on the 
seedling growth and to check the ability of the seeds growth 
in different ratio of mixture i.e., T1, T2 and T3 (Table 4). 
Higher the VI greater the ability of the seeds to survive and 
grow in the vermicompost extracts indicating less phyto-
toxicity. The VI values were as follows: T1 (1225), T2 
(1714) and T3 (1228). The order of vigour of the seedlings 
in the extracts was found to be as follows: T2 > T3 > T1. 
The present study confirms that the pulp and paper industry 
sludge can be recycled into value added end product with-
out any detrimental effects on the soil and the plants, both 
as a fertiliser and for land application. 

 
CONCLUSIONS 
 
Waste materials from industries such as these treatment 
plant sludge should not be discarded as waste, instead can 
be recycled to value added end product for land reclamation 
or for use as a fertiliser in order to recycle the nutrients 
back to the soil. Vermicomposting of the pulp and paper in-
dustry secondary sludge with suitable agro industrial waste 
like saw dust showed positive results producing vermicom-
post with desirable nutritive value and less phytotoxicity. 

In the present study, at the end of the vermicomposting 
process, the vermibeds showed (T1, T2 and T3) significant 
decrease in the total organic carbon (10 to 14%) content and 
increase in the total nitrogen (51 to 68%), phosphorous (170 
to 206%) and potassium (127 to 180%), when compared to 
the initial level in the treatments. The phytotoxicity tests 
like germination index and vigour index showed that the re-
sulting composts (T1, T2 and T3) were less in phytotoxins. 
The present study concluded that the treatment T2 was 
found to be the better of the other two treatments (T1 and 
T3) with respect to phytotoxicity and NPK values. The 
heavy metals reductions were also found to be less in the 
end products of T2, indicating its suitability for land ap-
plication. However, the heavy metal contents in the final 
vermicompost of all the treatments (T1, T2 and T3) were 
found to be below the admissible limits (Pb-100 mg/kg, Cr-
50 mg/kg, Cd-5 mg/kg, Ni-50 mg/kg and Cu-300 mg/kg) 
prescribed by the Pollution Control Board. Thus, it can be 
concluded that the secondary sludge from the pulp and 
paper industry has recycling value leading to sustainable 
waste management. 
 

REFERENCES 
 
Abdul-Baki AA, Anderson JD (1973) Vigour determination in soybean seed 

by multiple criteria. Crop Science 13, 630-633 
Alfano G, Lustrato G, Lima G, Vitullo D, Delfine S, Tognetti R, Ranalli G 

(2009) Physico-chemical, microbiological, agronomical and phytopatholo-
gical aspects in the recycling of olive waste compost residues. In: Martin-Gil 
J (Ed) Compost II. Dynamic Soil, Dynamic Plant 3 (Special Issue 1), 64-72 

Banu JR, Ick TY, Esakkiraj S, Kumar N, Logakanthi S (2008a) Biomanage-
ment of sago-sludge using an earthworm, Eudrilus eugeniae. Journal of 
Environmental Biology 29 (2), 143-146 

Banu RJ, Yeom IT, Esakkiraj, Kumar N, Lee YW, Vallinayagam S (2008b) 
Biomanagement of sago-sludge using an earthworm, Lampito mauritii. Jour-
nal of Environmental Biology 29, 753-757 

Beulah AG, Partheban P (2001) Solid waste management. In: Proceedings of 
ENVIRO 2001- National Conference on Control of Industrial Pollution and 
Environmental Degradation, February 3-4, PSG College of Technology, 
Coimbatore, India, pp 375-381 

Cardoso-Vigueros L, Ramirez-Camperos E (2006) Tannery wastes and sew-
age sludge biodegration by composting and vermicomposting process [Bio-
degradación de desechos de curtiduría y lodo residual por composteo y 
vermicomposteo]. Ingenieria Hidraulica en Mexico 21 (2), 93-103 

Curry JP, Schmidt O (2007) The feeding ecology of earthworms – A review. 
Pedobiologia 50, 463-477 

Delgado M, Bigeriego M, Walter I, Calbo R (1995) Use of California red 
worm in sewage sludge transformation. Turrialba 45, 33-41 

Dheepa D, Subash A, Parvatham R (2006) Selected physicochemical and 
microbiological analysis of vermicomposted lime and chrome sludge wastes 
from tannery industry. Journal of Industrial Pollution Control 22 (2), 341-
344 

Elvira C, Sampedro L, Benitez E, Nogales R (1998) Vermicomposting of 
sludges from paper mill and dairy industries with Eisenia andrei: a pilot scale 
study. Bioresource Technology 63, 205-211 

Garg VK, Kaushik P (2005) Vermistabilisation of textile mill sludge spiked 
with poultry droppings by an epigeic earthworm Eisenia foetida. Bioresource 
Technology 96, 1063-1071 

Garg VK, Kaushik P, Dilbaghi N (2006) Vermiconversion of wastewater 
sludge from textile mill mixed with anaerobically digested biogas plant slurry 
employing Eisenia foetida. Ecotoxicology and Environmental Safety 65 (3), 
412-419 

Jackson ML (1973) Soil Chemical Analysis, Prentice Hall of India Pvt. Ltd, 
New Delhi, pp 498 

Kannan S, Rajendran K, Tamilmani E, Venugopalan SS, Shanmugam K 
(2009) Waste reduction, nutrient recovery from solid sludge waste materials 
by vermicomposting. In: Karmegam N (Ed) Vermitechnology I. Dynamic Soil, 
Dynamic Plant 3 (Special Issue 2), 97-99 

Kaur A, Singh J, Vig AP, Dhaliwal SS, Rup PJ (2010) Cocomposting with 
and without Eisenia fetida for conversion of toxic paper mill sludge to a soil 
conditioner. Bioresource Technology 101 (21), 8192-8198 

Krigstin S, Sain M (2006) Characterization and potential utilization of recycled 
paper mill sludge. Pulp and Paper Canada 107, 29-32 

Kunzler C (2001) Pulp and paper industry’s diverse organics stream. Biocycle 
42, 30-33 

Mathur SP, Dinel H, Owen G, Schnitzer M, Dugan J (1993a) Determination 
of compost maturity II. Optical density of water extracts of compost as a 
reflection of their maturity. Biology, Agriculture and Horticulture 10, 87-108 

Mathur SP, Dinel H, Owen G, Schnitzer M, Dugan J (1993b) Determination 
of compost maturity I. Literature review. Biology, Agriculture and Horticul-
ture 10, 65-86 

Nath G, Deb UK (2008) Vermicomposting - an effective technique for paper 
mill solid waste utilisation and value addition. IPPTA: Quarterly Journal of 
Indian Pulp and Paper Technical Association 20 (2), 127-135 

Pattnaik S, Reddy VM (2009) Bioconversion of municipal (organic) solid 
waste into nutrient-rich vermicompost by earthworms (Eudrilus eugeniae, 
Eisenia fetida and Perionyx excavatus). In: Karmegam N (Ed) Vermitech-
nology I. Dynamic Soil, Dynamic Plant 3 (Special Issue 2), pp 122-128 

Rynk R (1992) On Farm Composting Handbook, Northeast Regional Agricul-
tural Engineering Service (NRAES-54), New York, US, 54 pp 

Saavedra M, Benitez C, Cifuentes C, Nogales R (2006) Enzyme activities and 
chemical changes in wet olive cake after treatment with Pleurotus ostreatus 
or Eisenia fetida. Biodegradation 17, 93-102 

Sanchez-Monedero MA, Roig A, Cegarra J, Bernal MP, Noguera P, Abad 
M, Anton A (2004) Composts as media constituents for vegetable transplant 

Table 4 Germination index and vigour index of vermicompost obtained from different vermicomposting bins (mean ± SD; n=3) 
Seeds germinated in (out of 15 seeds) Root length (RL) (cm) Treatment 
Control (Go) Sample (G) 

Germination 
(%) 

Shoot length 
(SL) (cm) Control Sample 

Germination 
index (GI) 

Vigour index 
(VI) 

T1 12 9 ± 1 72 ± 5a 10.3 ± 0.9b 8 6.7 ± 0.1ab 60 ± 4a 1225 ± 43a 
T2 12 11 ± 1 89 ± 5c 12.4 ± 0.3c 8 6.9 ± 0.4b 77 ± 2c 1714 ± 69b 
T3 12 9 ± 1 81 ± 10b 8.6 ± 0.3a 8 6.6 ± 0.5a 66.5 ± 10b 1228 ± 152a 

Mean values followed by different letters are significantly different (P<0.05, n =3) according to Duncan’s Multiple Range Test (DMRT) 

 

81



Bioremediation of pulp and paper industry secondary sludge using Eudrilus euginae. Priya et al. 

 

production. Compost Science and Utilization 12 (2), 161-168 
Sangwan P, Kaushik CP, Garg VK (2008) Vermiconversion of industrial 

sludge for recycling the nutrients. Bioresource Technology 99 (18), 8699-
8704 

Selladurai G, Anbusaravanan N, Teixeira da Silva JA, Shyam KP, Kadal-
mani B (2010) Dynamics of microbial diversity, micro- and macronutrients 
during tannery sludge treatment using epigeic earthworms, Eisenia fetida and 
Eudrilus eugeniae. In: Karmegam N (Ed) Vermitechnology II. Dynamic Soil, 
Dynamic Plant 4 (Special Issue 1), pp 100-107 

Sharma R, Sharma D, Roa KS, Jain RC (2002) Experimental studies on 
waste paper pulp biodegradation. Indian Journal of Environmental Health 44, 
181-188 

Singh J, Kaur A, Vig AP, Rup PJ (2010) Role of Eisenia fetida in rapid recyc-
ling of nutrients from bio sludge of beverage industry. Ecotoxicology and 
Environmental Safety 73 (3), 430-435 

Sivakumar S, Kasthuri H, Prabha D, Senthilkumar P, Subbhuraam CV, 
Song YC (2009) Efficiency of composting parthenium plant and neem leaves 
in the presence and absence of an oligochaete, Eisenia fetida. Iranian Journal 
of Environmental Health Science and Engineering 6, 201-208 

Suthar S (2007) Vermicomposting potential of Perionyx sansibaricus (Perrier) 
in different waste materials. Bioresource Technology 98, 1231-1237 

Suthar S (2010) Recycling of agro-industrial sludge through vermitechnology. 

Ecological Engineering 36 (8), 1028-1036 
Suthar S, Singh S (2008) Feasibility of vermicomposting in biostabilization of 

sludge from a distillery industry. Science of the Total Environment 394 (2-3), 
237-243 

Tognetti C, Mazzarino MJ, Loas F (2007) Cocomposting biosolids and muni-
cipal organic waste: Effects of process management on stabilization and qual-
ity. Biology and Fertility of Soils 43, 387-397 

Umamaheswari S, Vijayalakshmi GS (2006) Influence of vermicompost on 
the growth and yield of black gram (Phaseolus mungo). Ecology, Environ-
ment and Conservation 12 (1), 53-56 

Veeresh SJ, Narayana J, Teixeira da Silva JA (2010) Influence of jeevam-
rutha (biodynamic formulation) on agro-industrial waste vermicomposting. 
In: Karmegam N (Ed) Vermitechnology II. Dynamic Soil, Dynamic Plant 4 
(Special Issue 1), 96-99 

Yadav A, Garg VK (2009) Feasibility of nutrient recovery from industrial 
sludge by vermicomposting technology. Journal of Hazardous Materials 168 
(1), 262-268 

Zucconi F, De Bertoldi M (1987) Compost specification for the production and 
characterisation of compost from municipal solid waste. In: De Bertoldi M, 
Ferranti MP, Hermite PL, Zucconi F (Eds) Compost Production, Quality and 
Use, Applied Science, Elsevier Applied Science Publishers Ltd., London, pp 
30-50 

 
 

82


