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 Abstract 

Article Info 
Vermicomposting of organic waste has an important part to play in an 
integrated waste management strategy. The aim of the present study was to 
investigate the ability of an epigeic earthworm Eisenia foetida to transform 
anaerobically digested sewage sludge (SS) amended with hazelnut husk (HH) 
and cow manure (CM) in different proportions under laboratory condition (in 
darkness at 25°C0,5 0C). Two approaches investigated in the study were: (1) to 
find the best medium for growth and reproduction of E. foetida in different feed 
mixtures, (2) to analyze the heavy metal concentrations in different feed 
mixtures of SS-HH-CM before and after vermicomposting, and (3) to explore 
heavy metals accumulation of earthworms in sewage sludge with different feed 
mixtures. Number and biomass of earthworms and heavy metal contents in feed 
mixtures and earthworms were periodically monitored. The results indicated 
that maximum earthworm biomass was attained in feed mixture of 20% SS + 
40% CM + 40% HH while the earthworm number was highest in feed mixture of 
30% SS + 35% CM + 35% HH during the vermicomposting period. Heavy metals 
concentration (Zn, Cu, Cd, Pb, Ni and Cr) in all feed mixtures decreased 
associated with the increasing vermicomposting time. The heavy metals’ content 
in the feed mixtures was lower than that of initial mixtures. Metal analysis of 
earthworms revealed considerable bioaccumulation of heavy metals in their 
bodies’ tissue. Heavy metal analysis of earthworm body showed that increasing 
proportion of SS in the feed mixtures promoted the heavy metal content of 
earthworm body. 
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Introduction 
It is well established that a large number of organic wastes can be ingested by earthworms and egested as 
stabilized humus-like product termed as vermicompost. It is much more fragmented, porous and microbially 
active than parent material due to humification and increased decomposition (Edwards, 1988; Garg and 
Kaushik, 2005; Kızılkaya, 2008). Use of earthworms in waste management, organic matter stabilization, soil 
detoxification and vermicompost production has been reported by Bansal and Kapoor (2000), Kaushik and 
Garg (2003), Garg and Kaushik (2005), Gupta and Garg (2008). The epigeic forms of earthworms can hasten 
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the composting process to a significant extent with production of a better quality of compost as compared 
with those prepared through traditional composting methods (Ndegwa and Thompson, 2001).  
The use of earthworm in sludge management has been termed as vermistabilization (Neuhauser et al., 
1988). During this process, important plant nutrients such as N, P, K etc. present in the waste are converted 
through microbial action into forms that are much more soluble and available to plants than those in the 
parent substrate (Ndegwa and Thompson, 2001; Kızılkaya and Hepşen 2004, 2007). The end product, 
namely vermicompost is considered as an excellent product, since it is stable and homogenous, has desirable 
aesthetics, has reduced levels of contaminants and furthermore, is a valuable, marketable and superior plant 
growth medium (Aranda et al., 1999).  
Sewage sludge, the solid portion that remains after waste water treatment, may be high content of nutrients 
(N, P, K, etc.) essential trace elements, and organic matter, which improves soil physico-chemical properties 
and plant nutrient status, thus rendering sewage sludge an effective and cheap alternative to commercial 
fertilizers. Besides the beneficial effects, potential risks to environmental health associated with either non-
essential in living organisms such as Cd, Cr, Ni, Pb and essential in only trace quantities such as Cu, Fe, and 
Zn have received increasing attention (Mench et al., 1994; McBride, 1995; Kızılkaya and Bayraklı, 2005). For 
this reason, sewage sludges, including high content of potentially toxic metals, must be stabilized and/or 
composted with different methods and reduce toxic metal concentrations. Composting and/or stabilizing of 
sewage sludge is therefore recommended as a method not only to avoid plant growth inhibition but also to 
facilitate the handling of the dewatered sewage sludge cake where it is mixed with soil.In addition, 
composting and/or stabilizing offers a minimum risk for the environment or public health, especially in 
relation to epidemiological aspects and odors (Katayama et al., 1987). 
In recent years, earthworms have been widely used in the breakdown of sewage sludge and other organic 
wastes in producing vermicomposts (Jain et al., 2003). Some species of earthworms are known to be 
potential accumulators of heavy metals and therefore they have been successfully demonstrated in 
mitigating the toxicity of industrial and municipal waste by vermicomposting technology (Gupta et al., 
2005). This simple and low-cost technique can be used in the removal of toxic metals and the breakdown of 
complex chemicals to non-toxic forms (Jain and Singh 2004). Substantial evidence indicates that earthworms 
accumulate heavy metals from polluted soils and other media (Ireland, 1983; Goats and Edwards, 1988; 
Neuhauser et al., 1985; Edwards, 1996; Kızılkaya 2004, 2005). The most common earthworm used for 
vermicomposting is Eisenia feotida, commonly well known as red wigglers. Advantages of E.feotida are that it 
grows rapidly, and uses almost any organic matter as feeds. It has also wide temperate tolerance a high 
reproductive rate and has the capability of accumulate heavy metal accumulation in the sewage sludge 
vermicompost (Hartenstein, 1983; Edwards and Bater, 1992). 
This study attempted vermicomposting of sewage sludge with hazelnut husk and cow manure attempted. 
The advantages of this utilization option are (a) it is capable of handling very low to very high quantities of 
sewage sludge vermicompost, (b) it is simple and cost-effective, thus appropriate for small scale as well as 
for large scale utilization and (c) the vermicasts have a very popular and ready markets as enrichers of soil 
(Abbasi and Ramasamy, 1999; Ismail, 1997). Vermicasts are believed to have several components, which 
improve the soil, where they are applied. Vermicasts are also believed to contain enzymes and hormones 
that stimulate plant growth and discourage pathogens (Abbasi and Ramasamy, 1999; Szczeck, 1999; Gupta 
et al., 2005). So, the main objectives of the present study were (i) to find out the appropriate proportion of 
sewage sludge – hazelnut husk – cow manure for sustainable and the best medium for growth of E. feotida, 
(ii) to analyze the heavy metal content in sewage sludge mixtures before and after vermicomposting, and 
(iii) to determine the concentration of heavy metals accumulated in earthworm tissues. 

Material and Methods 

Organic wastes and earthworm 

Sewage sludge (pH 7.35, conductivity 1.82 dS m−1, C:N ratio 9) was obtained from the wastewater facility set 
up by the Ankara Wastewater Treatment Plants, Ankara, Turkey. The sludge was anaerobically digested with 
a mixture of primary and waste activated sludge typically entering the digester. Hazelnut husk (pH 5.81, 
conductivity 1.93 dS m−1, C:N ratio 47) collected from hazelnut trees in the Eastern Black Sea Region, Turkey. 
Hazelnut is one of the major cash crops in Turkey with a yield of 650 000 tons per year; it is basically 
produced in the Black Sea Region. Cow manure (pH 8.46, conductivity 2.35 dS m−1, C:N ratio 12) mixed with 
minor amounts of bedding and feed refusals from different cows in Tokat, Turkey mixed within faeces type 
and dried in the sun. The sewage sludge (SS), hazelnut husk (HH) and cow manure (CM) on an average 
contained 22.9%, 53.9%, and 20.7% organic C; 2.54%, 1.14%, and 1.70% total N; 2184 g.g-1, 379 g.g-1, and 
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189 g.g-1 NH4+-N; 1873 g.g-1, 2490 g.g-1, and 2294 g.g-1 NO3-N; 2.43%, 0.34%, and 2.66% total P; 1.14%, 
2.19%, and 3.94% total K, respectively. The organic wastes (SS, HH and CM) in this experiment was digested 
and air dried and sieved to less than 0.5 mm and stored in polyethylene bags at 5 0C until used. The content 
of the some heavy metal of interest in the organic wastes are given in Table 1. The Eisenia feotida were 
collected from the same CM. Earthworms were washed with distilled water and kept for 2 weeks before 
starting the experiment in containers with CM at 25  0.5 0C. 

Table 1. Heavy metal concentrations (g.g-1) in SS, HH and CM used in this study 

Heavy metal SS HH CM 
Zn  15961,7 120,6 559,1 
Cu  392,4 18,9 135,9 
Cd 10,34 1,37 3,29 
Pb 119,8 8,3 38,3 
Ni 111,1 35,7 60,9 
Cr 718,1 28,6 105,1 

Experimental design 

A randomized complete plot design with five replicates per treatment and organic wastes were used. The 
experiment was performed with the following 11 treatment and given in Table 2.  

Table 2. Composition of treatments used for experimentation  

Mixture  Mixture SS HH CM 
number Description (g) (%) (g) (%) (g) (%) 
1 0% SS + 50% HH + 50% CM 0 0 250 50 250 50 
2 10% SS + 45% HH + 45% CM 50 10 225 45 225 45 
3 20% SS + 40% HH + 40% CM 100 20 200 40 200 40 
4 30% SS + 35% HH + 35% CM 150 30 175 35 175 35 
5 40% SS + 30% HH + 30% CM 200 40 150 30 150 30 
6 50% SS + 25% HH + 25% CM 250 50 125 25 125 25 
7 60% SS + 20% HH + 20% CM 300 60 100 20 100 20 
8 70% SS + 15% HH + 15% CM 350 70 75 15 75 15 
9 80% SS + 10% HH + 10% CM 400 80 50 10 50 10 
10 90% SS  +  5% HH  +  5% CM 450 90 25 5 25 5 
11 100% SS  +  0% HH  + 0% CM 500 100 0 0 0 0 

The organic wastes (SS, HH and CM) were thoroughly mixed (Table 2) on air-dried weight basis by a mixer. 
These mixtures (500 g dry weight) were placed in a 1-L cylindrical plastic container. Then, three clitellated 
earthworm Eisenia foetida each weighing between 0.6 and 0.7 g, were placed in the mixed material. Each 
treatment was replicated three times. The samples were first adjusted to 50% of the soil water holding 
capacity by adding distilled water and then pre-incubated at 25 0C for one day (conditioning period). After 
conditioning, the moisture content of the mixture was maintained at 70% throughout the vermicomposting 
period and the containers were maintained in darkness at 25°C  0,5 0C. Because, optimal environmental 
conditions for the growth and reproduction of E.foetida fed on wastes are a temperate range of 15-25 °C, 
moisture content of 43-90% and pH of 5-9 (Kaplan et al., 1980; Edwards, 1988; Neuhauser et al., 1988; 
Edwards and Bater, 1992). Substrate samples collected every 15 days during vermicomposting period (90 
days) to determine the heavy metal distribution, and were stored in plastic vials at 4°C until analysis. 
Earthworm numbers and biomass gain were recorded for every vermicomposting period. 

Changes in the total earthworm mass and the number within each maturity category were determined 15 
days. All worms and vermicompost were taken from the core and placed onto a tray. Under red light (to 
minimise stress) the worms were separated from the vermicompost. Worms separated from the 
vermicompost were washed thoroughly under slow running water. Most vermicompost separated from the 
worms freely and was easily removed; however some vermicompost clung to the worms and required 
further washing. The worms were classified by maturity category into adults, subadults and juveniles. Adults 
were classified by the presence of a large and clearly visible clitellum. Subadults had no clitellum and tended 
to be smaller than the adults. Juveniles were very small and transparent. Each category was counted, 
weighted and immediately stored at -80 oC to use during the heavy metal analysis. 

Total heavy metal contents in vermicompost 

The total heavy metal contents of the vermicomposts were determined by atomic absorption 
spectrophotometry (Perkin Elmer A400) following a digestion with a mixture of Aqua Regia-HNO3 and HCI. 
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Heavy metal contents in earthworms body 

Earthworms were oven-dried in glass flask at 1050C. The dried earthworms were digested overnight in nitric 
acid at a rate of 1 ml HNO3 per mg dry weight of earthworm. After heating at 1200C and evaporation, 1 ml 
HNO3/H2SO4/HCI (10/2/3; v/v/v) was added. The solution was heated at 1800C; after cooling, samples were 
diluted with deionized water up to 25 ml. The concentrations of copper and zinc in earthworms were 
determined by flame atomic absorption spectrophotometry using and air-acetylene-flame device (Perkin 
Elmer A400) (Scaps et al., 1997). 

Bioaccumulation Factors (BAF) 

BAF for earthworm E.feotida were estimated based on the heavy metals in earthworm tissues and substrate 
materials using the method described by Pearson et al. (2000). The BAF is defined as follows:  
BAF=Cbiota/Csubstrate, where Cbiota and Csubstrate were the total heavy metal concentrations (in g.g-1) 
in taxa (earthworm) and substrate (used for vermicomposting experiment), respectively. It was possible to 
obtain BAF estimates for heavy metals since the earthworm concentrations for these metals reached steady 
state levels during the testing period. 

Statistical analysis  

All data were analyzed using SPSS 11.0 (Statistical Package for Social Science) statistical software. Analysis 
of variance (two-way ANOVA) was carried out using two factors randomized plot design (mixture ratio and 
vermicomposting period). The means were compared using by the LSD (Least Significant Difference) test, 
with a significance level of P< 0.01. All the figures presented include standard deviation of the data. The 
asterisks, *, ** and *** indicate significance level at P<0.05, 0.01 and 0.001 respectively. 

Results and Discussion 
Earthworm production and reproduction 

Figure 1 and 2 show the values obtained from the experiments for production and reproduction in Eisenia 
foetida in different feed mixtures. Increasing proportion of SS in the feed mixtures caused the decrease in 
survival and growth of E.foetida. Mortality was recorded in  60% SS feed mixtures (mixture no 7, 8, 9, 10, 
11) at all vermicomposting period. This indicated that a greater percentage of SS in the feed mixture was 
significantly toxic for the production and reproduction of E.foetida. This situation may be related high NH4-N 
and Zn concentrations of anaerobically digested SS. Similarly, Elvira et al. (1997) showed worms were 
unable to survive in paper-pulp mill sludge; however, feed mixtures of paper-pulp mill sludge with pig and 
poultry slurry were suitable materials for vermicomposting. They attributed this mortality to degradation 
processes, resulting in changes of the environmental characteristics. Masciandaro et al. (2002) have also 
reported the some results for vermicomposting of anaerobic and aerobic sludges using E.foetida. In this 
study, feeds having higher percentage of anaerobic sludge were not accepted by the worms. The other study 
conducted by Harstenstein and Mitchell (1978) determined that anaerobically digested sludge was found to 
be acutely toxic to E.feotida but this toxicity a disappeared when the sludge was allowed to age for 2 months 
as thin layers exposed to air. On the other hand, Edwards (1988) indicated that organic wastes containing 
much ammonia (> 500 g.g-1) or large amounts of inorganic salts are toxic to E.feotida. In addition, 
Harstenstein and Mitchell (1978) suggested that various sludge treatments with salts of heavy metal at these 
concentrations were not toxic to E.feotida over a six week period: Cd at 100 g.g-1, Ni at 1000 g.g-1, and Pb 
at 5000 g.g-1. The same sludge treated with Cu at 2500 g.g-1 or with Zn at 10000 g.g-1 was toxic.  

 
Figure 1. The percentage change of total earthworm biomass in experimental units obtaining different feed mixtures 

treatments (n=5). 
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During the vermicomposting period, the percentage changes of total earthworm biomass production by E. 
foetida in different feed mixtures were given in Figure 1.  The numbers of E. foetida in the studied feed 
mixtures associated with observation period were given in Figure 2. In all feed mixtures, significant 
differences in the total earthworm biomass were recorded. The percentage change of total earthworm 
biomass was similar in all vermicomposting periods. Feed mixtures no.3 (20% SS + 40% CM + 40% HH) had 
the highest worm masses while the lowest was observed in the 50% SS + 25% CM + 25 HH feed mixture 
(no.6) at P<0.001. 

 
Figure 2. Population dynamics of earthworm E.feotida in experimental units obtaining different feed mixtures 

treatments (n=5). 

Increasing percentage of SS in the feed mixtures led to decrease in the number of earthworm E.feotida. The 
net number gain by E.foetida was higher in feed mixtures no. 3 and 4 compared to other feed mixtures. The 
maximum earthworm biomass and number were observed in the 75th or 90th day in all the feed mixtures. 
Based on the results of six sampling dates for each class of worms, there was interaction between sampling 
time and feed mixture. However, the population dynamics within mixture feeds tended to be cyclical; for 
example, mixture feeds had high numbers of adults at three sampling time and low adult numbers, then at 
the next sampling time, the reverse was recorded. To account for this cyclical shift in populations were 
depicted in Figure 2. 

Total heavy metal contents in vermicompost 

Heavy metals appear in the sewage sludge from a variety of sources like batteries, consumer electronics, 
ceramics, light bulbs, plastics, house dust and paint chips, etc. So, the vermicompost made from sewage 
sludge may have higher heavy metal concentrations (Gupta and Garg, 2008). In small amounts, many of 
these elements may be essential for plant growth, however, in higher concentrations they are likely to have 
detrimental effects upon plant growth (Whittle and Dyson, 2002). So, prior to vermicompost application to 
the soils, there is in need of determining the heavy metal concentrations in final vermicomposts. The results 
indicated that initial heavy metal contents of SS were higher than HH and CM (Table 1), resulting in higher 
heavy metal concentrations in SS containing initial feed mixtures. Table 3 presents the heavy metal status in 
different mixtures of SS, HH and CM before vermicomposting.  

Table 3. Heavy metal concentrations (g.g-1) in mixture feeds before vermicomposting 

Heavy Mixture number 
Metal 1 2 3 4 5 6 
Zn  339,89 1902,07 3464,26 5026,44 6588,62 8150,81 
Cu  77,40 108,90 140,40 171,90 203,40 234,90 
Cd 2,33 3,13 3,93 4,73 5,53 6,34 
Pb 66,87 132,00 197,12 262,25 327,37 392,50 
Ni 23,28 32,92 42,57 52,22 61,87 71,52 
Cr 48,32 54,60 60,88 67,17 73,45 79,73 
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The results of comparisons revealed that heavy metal concentrations in final vermicompost in the feed 
mixtures no. 1–6 were lower than that of the initial feed mixtures (Figure 3) and these heavy metal 
concentrations increased from the feed mixtures no 1 to 6. Feed mixtures no 4–6 contained more SS than 
that of feed mixtures no 1–3.  Heavy metal concentrations in the vermicompost decreased associated with 
time increasing (Figure 3).  

 

  
(a) (b) 

  
(c) (d) 

  
(d) (e) 

Figure 3. Changes in heavy metal concentrations (g.g-1) in vermicomposting of different feed mixtures associated with 
time during vermicomposting process. Vertical bars indicate standard error of mean of three replicates at 95% 

confidence level.  a) Zn b) Cu c) Cd d) Pb e) Ni f) Cr 

Zn was the highest concentrations in all mixture feeds and followed by Cu, Cr, Pb, Ni and Cd. The analysis of 
postvermicomposted samples revealed considerable decline in metal concentrations in all mixture feeds. 
The results of ANOVA (Table 4) indicated that there were significant differences among feed mixtures for the 
contents of Zn, Cu, Cd, Pb, Ni and Cr at different vermicomposting period.  
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Based on the chemical analysis of vermicomposted samples, considerable reduction in heavy metals 
concentrations was observed for all feed mixtures (Figure 4). Vermicomposted material had reduced heavy 
metal content at the end of the experiment. The reductions ranged between 74.6 and 98.3% for Zn, 2.1 and 
32.0% for Cu, 36.6 and 81.8% for Cd, 12.2 and 84.3% for Pb, 53.2 and 79.2% for Ni and between 75.8 and 
91.1% for Cr (Figure 4).  

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 4. % reduction of heavy metals of different feed mixtures with time during vermicomposting process                         
a) Zn     b) Cu c) Cd d) Pb e) Ni f) Cr 

The heavy metal reduction increased associated with vermicomposting period depending upon earthworm 
growth activities. Therefore, it was attributed to the earthworm activity and/or vermicomposting time in the 
waste decomposition system. Some of the metals were accumulated in body tissues. Similarly, previous 
studies have revealed that earthworms can accumulate heavy metals in their tissues during the process of 
vermicomposting (Hartenstein and Hartenstein 1981; Graff 1982; Garg and Kaushik 2005; Gupta et al. 
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2005). Garg and Kaushik (2005) reported a considerable loss in heavy metal contents from solid textile mill 
sludge mixed with poultry droppings. They attributed the heavy metal loss from substrate to accumulation 
by earthworm body tissues. Also, Gupta et al. (2005) studied the vermicomposting of fly ash by mixing it 
with cow dung in different ratios and reported 30–50% loss in heavy metal content in different combination, 
at the end. They reported that heavy metals bioaccumulated in earthworm tissues. This study confirmed that 
earthworms could efficiently reduce the metal content in substrate. 

Heavy metals in Earthworm body 

The earthworm E.feotida collected at the end from different feed mixtures showed considerable 
concentrations of metals in their bodies (Figure 5). The difference among feed mixtures in terms of contents 
of metals in earthworms was statistically significant (Table 4).  

  
(a) (b) 

  
(c) (d) 

  
(d) (e) 

Figure 5. Changes in heavy metal content in earthworm E.feotida body with time during vermicomposting process. 
Vertical bars indicate standard error of mean of three replicates at 95% confidence level. 
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The heavy metal concentrations in earthworm body tissues decreeased associated with time, and at all 
vermicomposting period of the experiment, heavy metal content of earthworm body in the feed mixture no. 
6 (50% SS + 25% HH + 25% CM) was significantly higher (P<0.01) than that of other feed mixtures. The 
observed difference in heavy metal contents in vermicomposted material for different feed mixtures may be 
related to the different rates of SS for heavy metals. It meant that the heavy metal level in earthworm was 
directly related to the contents of metals in feed mixtures. Our finding, first two treatments supported the 
above statement (Figure 5). 
Bioaccumulation of high concentration of metals is well documented (Hsu et al., 2006). According to 
Kızılkaya (2004, 2005) and Suthar (2008), earthworms accumulate a considerable content of metal in their 
tissues and can serve as useful biological indicator of contamination due to the fairly consistent relationships 
among the concentrations of certain contaminants in earthworms. In this study, SS proportion in feed 
mixtures seemed to be of primary importance. Finding on concentration of heavy metals in earthworm E. 
feotida collected from vermibeds with higher proportion of SS e.g., feed mixture no 5 and 6, further 
supported the above hypothesis.  Zn and Cu concentration was greater in tissues of inhabiting earthworms 
than other studied heavy metals. It may be attributed that these metals could be a part of different metabolic 
requirements of earthworms for Zn and Cu. Ireland (1983) stated that Cd did not appear in earthworm 
tissues indefinetely and the BAF ratio decreases with increasing Cd concentration, unlike Pb that appears in 
tissues continously. Carter et al. (1983) found some regulation of Zn and Cu, but not of Cd which reached a 
maximum in earthworm tissue of about 34 g.g-1. Graff (1982) examined the accumulation of heavy metals 
in E.feotida before and after feeding on compost made from municipal garbage. The heavy metal contents 
(g.g-1) before and after feeding were: Cu 4 to 29, Zn 140 to 640, Pb 3 to 14, Cd 2 to 9. These data indicated 
that earthworm E.feotida was extracting the heavy metals from the compost and accumulating them in their 
tissues. Previous reports on the metal accumulation ability of earthworms stated that the metals like Cu and 
Ni are not bioaccumulated by the earthworms (Barerra, 2001), but results of the present study explored 
considerable bioaccumulation of these metals in earthworms. This study confirmed and extended the earlier 
studies that earthworms can accumulate a considerable amount of metals in their tissues when inoculated in 
SS. In general, the content of metals in earthworms depends on inhabiting substrate metal contents (Lukkari 
et al., 2006). 
Bioaccumulation factors (BAF) 
The bioacumulation factors (BAF) for the different heavy metals in the earthworm E.feotida body tissues 
during the 90 day vermicomposting period are depicted in Figure 5. BAF varied associated with the different 
feed mixtures in this study (Table 4). When the BAF were calculated in relation to the total metal 
concentrations in different mixture feeds, the highest value came from Zn. The BAF were higher than 3 for 
Zn, Cr and Pb but lower than 3 for Cd, Ni and Cu in mixture feeds. In addition, the results showed that 
elevation of BAF increased with in SS proportions for all metals except Cu and Cr (Figure 6). BAF of the six 
heavy metals in vermicomposting for 90 d by the earthworm E.feotida was ranked as: Zn> Cr> Pb> 
Cd>Ni>Cu. 
Composting earthworm E.feotida showed relatively greater values of BAF for Zn and Cu than compared to 
heavy metals. The difference among different metals for BAF may be related to the difference in specific 
metal regulating mechanism in earthworms. Recent studies have revealed that accumulation of metals, 
especially Cd, Cu and Zn, in earthworms is mainly due to the binding of metals by metallothioneins (Kagi and 
Kojima, 1987). The BAF ranges calculated in this study, however, were higher than those of reported by 
earlier researchers (Dia et al., 2004; Hsu et al., 2006; Suthar and Singh 2008; Kızılkaya 2004, 2005). The 
observed difference for BAF in present and past studies could be related with the level of metals 
contamination and exposure duration or earthworm species type (Suthar and Singh, 2008). According to 
Morgan and Morgan (1992), difference species can show a considerable difference for tissue’s metal 
contents mainly due to difference in their food selectivity and metabolic physiology. Similarly, Hopkin 
(1989) suggested that earthworms have specific capacity to regulate metals, particularly trace metals, such 
as Cu and Zn, in their bodies, and accumulation and regulation mechanisms could be species-specific. It was 
also suggested here that exposure duration could be main determinant for observed differences in BAF; 
although the exposure duration was relatively longer in this study (i.e., 90 days) compared to previous 
studies (Kizilkaya 2004, 2005). Few past studies reported considerable ranges of BAF for metals in 
earthworms (Dia et al., 2004; Hsu et al., 2006). The higher BAF ranges for metals suggested that 
vermicomposting could be a risky technology if applied to stabilize SS. There is great possibility of entering 
of toxicants via earthworms to organisms occupying different trophic levels, if proper management of 
inoculated worms is not made (Suthar and Singh, 2008). 
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(a) (b) 

  
(c) (d) 

  
(d) (e) 

Figure 6. Bioaccumulation factors of heavy metals accumulated in earthworm Eisenia feotida body in relation with 
metal concentrations in different feed mixtures. Vertical bars indicate standard error of mean of three replicates at 95% 

confidence level.  a) Zn  b) Cu  c) Cd   d) Pb  e) Ni  f) Cr 

Conclusion 
Disposal of SS by environmentally acceptable means is a serious problem. Our trials demonstrated that 
vermicomposting could be an alternate technology for the management of primary SS mixed with HH and 
CM. Vermicomposting of SS, after mixing it with a HH and CM reduced in the concentration of heavy metals.  
However, in both  feed mixture no. 3 (20% SS + 40% HH + 40% CM) and feed mixture no. 4 (30% SS + 35% 
HH + 35% CM) maximum increase in numbers and biomass production rates of earthworms as well as 
decrease in heavy metal concentrations was recorded during the vermicomposting period. The decrease in 
metal concentrations in the vermicompost indicated the capability of E. feotida in accumulating heavy metals 
in their body tissues. Although, earthworm E.feotida could efficiently reduce the contents of heavy metals in 
sludge, which could be further used for sustainable land restoration practices, but greater level of 
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bioconcentrated metals in earthworm tissues could not be ignored due to high level of mortality was 
recorded in  60% SS feed mixtures. The results indicated that after the addition of primary SS in 
appropriate quantities (20–30%) to the HH and CM, it may be used as a raw material in the 
vermicomposting. 

Heavy metals can be accumulated in earthworm tissues to reduce of heavy metal level in during the 
vermicomposting process. The metal contamination is a major problem during direct field application of 
such SS. Earthworm biomass production and reproduction performance was found 

excellent in bedding those contained lower proportions of distillery sludge i.e. feed mixture no. 3 and 4. It is 
suggested that the numbers and biomass production rates of earthworms were significantly affected by the 
proportion of SS of their feed mixtures.  Results indicated that SS mixed with HH and CM could be utilized as 
an efficient soil conditioner for sustainable land restoration practices, at low-input basis, after processed by 
epigeic earthworms E.feotida. The study also inferred that the application of SS-based vermicompost in the 
agricultural fields as a soil conditioner, would not have any adverse effect. 
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