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Vermistabilization of sewage sludge (biosolids)
by earthworms: converting a potential biohazard
destined for landfill disposal into a
pathogen-free, nutritive and safe biofertilizer for
farms
Rajiv K. Sinha, Sunil Herat, Gokul Bharambe, Ashish Brahambhatt
Griffith School of Engineering (Environment), Griffith University, Nathan Campus, Brisbane, Queensland, Australia

Earthworms feed readily upon sludge components, rapidly converting them into vermicompost, reduce the pathogens to safe levels and
3
3
ingest the heavy metals. Volume is significantly reduced from 1 m of wet sludge (80% moisture) to 0.5 m of vermicompost (30%
moisture). Earthworms have real potential both to increase the rate of aerobic decomposition and composting of organic matter and also to
stabilize the organic residues in the sludge – removing the harmful pathogens (by devouring them and also by discharge of antibacterial
coelomic fluid) and heavy metals (by bio-accumulation). They also mineralize the essential nutrients nitrogen, phosphorus and potassium
from the sludge. It may not be possible to remove toxic substances completely, but at least change the ‘chemical make-up’ of the sludge
to make it harmless to the soil and enable its use as a nutritive organic fertilizer. This method has been found to comply with grade A
standards for sludge stabilization.
Keywords: biosolids, earthworms, vermicomposting, organic fertilizer, sewage sludge, sludge hygienisation

Introduction
Sludge is an inevitable, hazardous and odorous by-product from conventional water and waste-water treatment plants which
eventually requires safe disposal either in landfills or by incineration incurring heavy cost. When sludge is dewatered and dried, the
residue is termed ‘biosolids’. Management of biosolids remains problematic due to the high cost of installing sewage sludge
stabilization reactors and dehydration systems.
Sewage sludge is a potential health hazard as it contains high numbers of cysts of protozoa, parasitic ova, faecal pathogens like
Salmonella spp., Shigella spp. and Escherichia coli and also heavy metals such as zinc, cadmium, mercury and copper. In addition,
sludge contains organic molecules and essential plant nutrients like nitrogen, phosphorus, potassium and various trace elements.
When stabilized through a composting process, it can become a good source of organic fertilizer and soil additive, free of
chemicals and pathogens.
Earthworms feed readily upon the sludge components, rapidly converting them into vermicompost, reduce the pathogens to safe
3

levels and ingest the heavy metals. Volume is significantly reduced from 1 m of wet sludge (80% moisture) to
3

0.5 m of vermicompost (30% moisture; Eastman 1999).

Earthworms – the great waste and environmental managers of the planet
A revolution is unfolding in vermiculture studies (rearing of earthworms – Sir Charles Darwin’s ‘unheralded soldiers’ of mankind)
for total and sustainable waste management virtually creating ‘wealth’ from the ‘waste’. The Greek philosopher Aristotle called
them ‘intestine of earth’, meaning they digest a wide variety of organic materials from earth (Darwin & Seward 1903,
(Fraser-Quick 2002). Earthworms have over 600 million years of experience as waste and environmental managers of bio-waste,
including human waste.
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Environmental adaptations of earthworms
Worms are adapted to survive in harsh environments and in
moderately acidic-to-alkaline conditions with pH values
ranging from 4.5 to 9. They can tolerate a temperature range
of 5–29˚C. A temperature of 20–25˚C and moisture level of
60–75% is optimum for good worm function (Hand 1988).
They are tolerant to moderate salt salinity and can also tolerate toxic chemicals including heavy metals. Some species
(e.g. Eisenea foetida) have been found to bio-accumulate up
to 7600 mg Pb g–1 dry weight of their tissue (Ireland 1983)
and withstand extremely toxic chemicals like TCDD (2,3,7,8tetrachlorodibenzo-p-dioxin; Satchell 1983).

it is saving over 13,000 m3 of landfill space every year in Australia (Komarowski 2001). Redland Shire in Queensland
started vermicomposting sludge in 1997 with the help of the
Vermitech company. The facility received 400–500 tons of
sludge every week with 17% average solid contents and over
200 tons of vermicast was produced every week (Vermitech
1998, Lotzof 2000).
Hobart City Council in Tasmania vermicompost and stabilize about 66 m3 of sewage sludge every week, along with
green mulch. Zeolite mixed with the sludge helps balance the
pH and also in absorbing ammonia and odour. About 44 m3
becomes ‘vermi-compost’ which is sold to farmers (Datar
et al. 1997).

Rapid rate of multiplication and increase in population
Earthworms are bisexual animals and reproduce rapidly.
Given optimal conditions of moisture, temperature and feed,
worms can multiply by 28 (i.e. 256 worms) every 6 months
from a single individual doubling their population at least
every 60–70 days (Hand 1988).

Species suitable for vermistabilization of sewage sludge
Long-term research into vermiculture has indicated that the
Tiger Worm (E. foetida), Red Tiger Worm (Eisenia andrei),
the Indian Blue Worm (Perionyx excavatus), the African
Night Crawler (Eudrilus euginae), and the Red Worm (Lumbricus rubellus) are best suited for vermicomposting of sewage sludge under all climatic conditions.

Earlier studies on vermistabilization of sewage sludge
Vermicomposting has been successfully used for treating and
stabilizing municipal as well as industrial (paper mill, dairy and
textile industry) sludge as well as effluents and sludge from
intensively housed livestock (Collier 1978, Hartenstein &
Bisesi 1989, Ceccanti & Masciandaro 1999, Elvira et al. 1998,
Ndegwa & Thompson 2001, Fraser-Quick 2002, ContrerasRamos et al. 2005). Aerobic and anaerobic sludge are mixed
and aerated for more than 15 days. To 5000 m3 of sludge are
added 5 kg of earthworms and, in about 8 months, it is converted into vermicompost.
Contreras-Ramos et al. (2005) studied the vermicomposting of dried municipal sewage sludge and those from textile
industries mixed with cow manure and oat straw. Cow manure
was added to provide additional nutrients and the oat straw
to provide bulk. Fifty earthworms (E. foetida) were added to
each sample which were vermicomposted at three different
moisture contents – 60%, 70% and 80% for 60 days. Volatile
solids in the vermicompost decreased by 5 times, heavy metal
concentrations and pathogen levels (with no coliforms)
were below the limits set by USEPA (1995). Carbon content decreased significantly and the number of earthworms
increased by 1.2-fold.

Large-scale vermicomposting of sewage sludge in
Australia
Vermiprocessing of sludge from sewage and water treatment
plants is being increasingly practiced in Australia; as a result,

Mechanism of worm action in vermistabilization
Vermistabilization is a complex mechanical and biochemical
transformation of sludge achieved through the action of
earthworms. The worms act as an aerator, grinder, crusher,
chemical degrader and a biological stimulator (Sinha et al.
2002). Worms decompose the organic fraction in the sewage
sludge, mineralize the nutrients, ingest the heavy metals and
devour the pathogens (bacteria, fungi, nematodes and protozoa). Essentially, they work as a ‘sludge digester’:
1. The sludge is softened by the grume excreted in the mouth
of the earthworms and from there it goes to the oesophagus.
2. In the oesophagus, the softened sludge components are
neutralized by calcium (excreted by the inner walls of
oesophagus) and passed on to the gizzard and the intestine for further action.
3. In the muscular gizzard, it is finely ground (with the aid of
stones) into small particles to a size of 2–4 µm and passed
on to the intestine for enzymatic digestion. The gizzard
and the intestine work as a ‘bioreactor’.
4. In the intestine, the ground and pulped sludge components are decomposed by proteases, lipases, amylases, cellulases and chitinases secreted here and then absorbed.
5. The final process in vermiprocessing and degradation of
sludge is humification in which the large organic particles
are converted into complex amorphous colloids containing phenolic materials. Finally, this stabilized sludge is discharged as excreta (vermicast).

Earthworms reinforce microbial populations in sewage
sludge that act synergistically in sludge stabilization
Earthworms stimulate and accelerate the population of
decomposer microbes in waste biomass through improving
aeration (Dash 1978, Binet et al. 1998). They also host millions of decomposer microbes in their gut and excrete them
along with nutrients nitrogen and phosphorus in their
excreta (Singleton et al. 2003). The nitrogen and phosphorus
are further used by the microbes for multiplication and
enhanced action. Edward & Fletcher (1988) showed that the
number of bacteria and Actinomycetes contained in the
ingested material increased up to 1000-fold while passing
through the gut. A population of worms numbering about

15,000 will foster a microbial population of billions (Morgan
& Burrows 1982). Singleton et al. (2003) studied the bacterial
flora associated with the intestine and vermicasts of the
earthworms and found species like Pseudomonas, Mucor,
Paenibacillus, Azoarcus, Burkholderia, Spiroplasm, Acaligenes,
and Acidobacterium which has the potential to degrade a
range of organic molecules. Acaligenes spp. can even degrade
PCBs and Mucor spp. dieldrin.
Under favourable conditions, earthworms and microbes
act symbiotically to accelerate and enhance the decomposition of the organic matter in the sludge (Morgan & Burrows
1982, Xing et al. 2005).

Factors affecting optimal worm activity and sludge
stabilization
The role of earthworms in the stabilization of sewage sludge
is greatly linked to sludge age and nutrient content, aerobic
conditions, moisture content, temperature, ash content and the
loading rate (Dominguez et al. 2000, Masciandaro et al. 2000).
Sludge age and nutrient content

Nutritional value of the sludge especially nitrogen and phosphorus content is important. As the sludge ages, its nutritive
value declines rapidly after about 12 weeks, but the ash content increases which is good for worms (Loehr et al. 1998).
Adequate aeration

Although worms constantly aerate the waste pile by burrowing actions, periodical turning of the sludge can improve aeration and biodegradation. Aeration also makes the sludge
more palatable to worms.
Adequate moisture

About 75% moisture is recommended for sludge digestion.
Neuhauser et al. (1988) recommended 80–90%. If it is too wet,
it may become anaerobic, adversely affecting worm activity.
Moderate temperature

The ideal temperature for sludge composting and stabilization by earthworms is 15–25˚C (Neuhauser et al. 1988).
Neutral pH (7.0)

Although worms can survive in a pH range of 4.5–9 they
function best at neutral pH 7.0. Worms can also adjust the
pH of the medium by secreting calcium.
Appropriate carbon/nitrogen (C/N) ratio of the feed material

A C/N ratio of 25 is considered good for vermicomposting
and stabilization of sewage sludge and reduction of volatile
solids. Sewage sludge may have low C/N ratio due to higher
nitrogen content. This can be improved by mixing in carbonrich ‘bulking materials’ such as straw and decaying leaves.
Adequate supply of calcium

Calcium appears to be an important mineral in worm biology
(as calcarious tissues) and biodegradation activity. Although

sewage sludge contains calcium, it is important to add some
additional sources of calcium for good vermicomposting. Egg
shells are a good source of natural calcium. Occasionally,
limestone powder should be added.

Advantages of vermistabilization of sewage sludge by
earthworms
The quality of vermicompost upon stabilization is significantly
better, rich in key minerals and beneficial soil microbes as
compared to the conventional composting which is thermophilic (temperature rising up to 55˚C) in which many beneficial microbes are killed and nutrient especially nitrogen is
lost (due to gassing off of nitrogen). Worms also keep the
system fully aerated and aerobic processes are about 10
times faster than anaerobic processes.
Nearly odour-free process

As worms create aerobic conditions in the waste materials by
their burrowing actions, the action of anaerobic microbes
which release foul-smelling hydrogen sulphide and mercaptans
is inhibited.
Worms destroy pathogens in the end-product making it
pathogen-free

The earthworms release coelomic fluids that have antibacterial properties and destroy all pathogens in the waste biomass (Pierre et al. 1982). They also devour protozoa, bacteria
and fungi as food. They seem to realize instinctively that
anaerobic bacteria and fungi are undesirable and so feed
upon them preferentially, thus arresting their proliferation.
In the intestine of earthworms, some bacteria and fungi
(Penicillium spp. and Aspergillus spp.) have also been found
(Singelton et al. 2003). They produce antibiotics which kill
the pathogenic organisms in the sewage sludge making it virtually sterile. The removal of pathogens, faecal coliforms (E.
coli), Salmonella spp., enteric viruses and helminth ova from
sewage and sludge appears to be much more rapid when they
are processed by E. foetida. Of all, E. coli and Salmonella are
greatly reduced (Bajsa et al. 2003).
Bajsa et al. (2004, 2005) studied pathogen removal in vermicomposting of sewage sludge spiked with E. coli, S. typhimurium and E. faecalis. The composting was done with different
bulking materials such as lawn clippings, sawdust, sand and
sludge alone for about 9 months. Safe product was achieved
in 4–5 months of vermicomposting and the product quality
remained the same in the remaining months of the test.
Lotzof (2000) also showed that pathogens like enteric
viruses, parasitic eggs and E. coli were reduced to safe levels in
sludge vermicasts. Cardoso & Remirez (2002) reported a 90%
removal of faecal coliforms and 100% removal of helminths
from sewage sludge after vermicomposting. Our studies, Brahmbhatt (2006) also confirmed complete removal of coliforms
by earthworms.
Nair et al. (2006) studied a combination of thermophilic
treatment followed by vermicomposting and observed that
the combination of leads to a faster reduction of pathogens

Table 1: Removal of pathogens (E. coli and E. faecalis) in thermophilic composting vis-a-vis vermicomposting processes.
E. coli (MPN/g)
Composting process

E. faecalis (MPN/g)

Composting period
After 2 months

After 3 months

After 2 months

After 3 months

21 days

> 110

110

> 110

46

Vermicomposting

21 days

110

7.5

110

4.3

Thermo + Vermi

6 dT & 15 dV

24

21

46

2.3

Thermophilic

Thermo + Vermi

9 dT & 12 dV

46

15

46

9.3

Thermo + Vermi

12 dT & 9 dV

110

15

46

4.3

Thermo + Vermi

15 dT & 6 dV

> 110

4.3

24

2.3

Source, Nair et al. (2006).
dT, days of thermophilic composting; dV, days of vermicomposting.
E. coli and E. faecalis were tested using the Most Probable Number (MPN) per gram of compost (Standards Australia, 1995, a and b respectively).

than the same period of thermophilic composting (21 days).
The study also indicated that vermicomposting leads to
greater reduction of pathogens even after 3 months of storage,
while samples subjected to thermophilic composting only
retained higher levels of pathogens even after 3 months.

cyclic aromatic hydrocarbon (PAH) residues in the medium
in which they feed (Nelson et al. 1982; Ireland 1983, Sinha
et al. 2008).

Worms remove heavy metals and toxic chemicals from the
end-product

Earthworms mineralize the nitrogen and phosphorus in
sludge to make it bio-available to plants as nutrients. The
end-products are more homogeneous, rich in N, K and P
(1.16% nitrogen, 1.34% potassium and 1.22% phosphorus),
micronutrients, beneficial soil microbes (e.g. nitrogen-fixing
bacteria and mycorrhizal fungi) and the levels of contaminants are significantly reduced (Lotzof 1999). McCarthy
(2002) asserted that vermicomposted sewage sludge is safe
for agricultural use. Chemical analyses of vermicasts showed
two times more available magnesium, 15 times more available nitrogen and seven times more available potassium compared to the surrounding soil (Kaviraj & Sharma 2003).
Elvira et al. (1998) also reported an increase in the potassium
content of sludge vermicompost. This is an excellent biofertilizer and soil conditioner (Jensen 1998). The resulting product appears to retain more nutrients for longer periods of
time and also greatly increases the water holding capacity of
farm soil (Hartenstein & Hartenstein 1981, Appelhof 1997).
Vermicompost made from sludge also contains enzymes like
amylase, lipase, cellulase and chitinase, which continue to
break down organic matter in the soil to release nutrients
and make them bio-available to plant roots for longer periods.

Earthworms (especially E. foetida) can bio-accumulate high
concentrations of metals including heavy metals in their tissues without affecting their physiology and this particularly
when the metals are mostly non-bioavailable. They can readily bio-accumulate cadmium, mercury, lead, copper, manganese, calcium, iron and zinc and extremely high amounts of
Zn, Pb and Cd. Cadmium levels up to 100 mg kg–1 and lead
up to 7600 mg g–1 dry weight have been found in tissues (Ireland 1983). Contreras-Ramos et al. (2005) confirmed that the
stabilized sludge has metal levels below the limits set by the
USEPA in 60 days. Our studies (Brahmbhatt 2006) confirmed significant removal of lead and cadmium from vermicomposted sewage sludge.
Some metals are protein-bound (so-called metallothioneins)
in earthworms, these have a very high capacity to bind metals.
The chloragogen cells in earthworms appear to accumulate
heavy metals specifically which are immobilized in the small
spheroidal chloragosomes and debris vesicles that the cells
contain.
Several studies have found that earthworms can also either
accumulate or degrade organochlorine pesticides and poly-

Worms mineralize nutrients from the sludge and form more
nutritive end-products rich in macro- and micronutrients

Table 2: Initial and final nutritional quality of the vermicomposted sludges.
Nitrate (g kg–1)

pH
Initial
SL

Final

Initial

Final

Phosphate (g kg–1)
Initial

Final

Nitrogen (mg g–1)

Carbon

C/N ratio

Final

Final

Final

9.5

4.5

0.5

3.75

6.2

5.13

35

33

9:1

SL+LC

9

5.0

2.25

3.00

2.45

5.80

38

34

9:1

SL+SD

8

4.5

5.5

3.00

6.52

2.90

12

26

22:1

9.5

4.5

2.5

1.75

4.45

1.55

6.2

4.5

7:1

SL+S

Source: Bajsa et al. (2005).
SL, sludge; LC, lawn clippings; SD, sawdust; S, sand.

Worms decrease total organic carbon (TOC) and lower C/N
ratio of sludge
This has significance when the composted sludge is added to
soil as fertilizer. Plants cannot absorb and assimilate mineral
nitrogen unless the carbon to nitrogen (C/N) ratio is about
20:1 or lower. Mineralization of organic matter in sewage
sludge by earthworms leads to a significant decrease in total
organic carbon (TOC) content thus lowering the C/N ratio.
Elvira et al. (1998) found that vermicomposting of paperpulp-mill sludge for 40 days decreased carbon content by 1.7fold.
Worms reduce volatile solids from sludge

Loehr et al. (1998) found that E. foetida increases the rate of
volatile solid destruction when present in aerobic sludge and
this reduces the probability of putrefaction occurring in the
sludge due to anaerobic conditions. Hartenstein & Hartenstein
(1981) reported a 9% reduction in volatile solids over 4 weeks
of sludge vermicomposting by earthworms. Fredrickson et al.
(1997) found a reduction in volatile solids of 30% in compost
after 4 months of conventional composting, whereas the reduction was 37% after only 2 months of vermicomposting.
Low greenhouse gas (methane) emission by vermicomposting

Biodegradation of organic waste has long been known to generate methane. Vermicomposting by worms decreases the proportion of anaerobic to aerobic decomposition, resulting in a
significant decrease in CH4 and volatile sulphur compounds
which are readily emitted from conventional microbial composting (Mitchell et al. 1980, Sinha et al. 2008b). Molecule
for molecule, methane is 20–25 times more powerful a
greenhouse gas than the CO2.

obtained from a cattle farm. Both sludge and the cow dung
were partially air dried for 5 days to prevent any methane
and hydrogen sulphide generation. Vermicompost was prepared in a glasshouse by composting food waste. Five sets of
experimental bins (40-L HDPE containers) were prepared.
They were studied for changes in colour and texture, pathogens and heavy metals over a 12-week period. The bins were
covered with moist newspaper and placed under shaded conditions to prevent moisture loss.

Experimental design
The five experimental designs were: treatment 1, only sludge
(10 kg) as control; treatment 2, sludge (10 kg) + earthworms
only (n = 250); treatment 3, sludge (10 kg) + earthworms
(n = 250) + cow dung (5 kg); treatment 4, sludge (10 kg) +
cow dung (5 kg); and treatment 5, sludge (10 kg) + organic
garden soil (5 kg).
These were designed to evaluate the following:
1. Treatment 1 was devised to determine the fate of sludge
upon ‘natural ageing’ with time and by the natural microbial activity occurring in them.
2. Treatments 2 and 3 were designed to evaluate the fate of
sludge after vermicomposting and worm action on sludge
when the worms only feed on sludge and when they are
provided with additional feed materials (cow dung).
3. Treatments 4 and 5 were organized to evaluate the fate of
sludge after conventional microbial composting by addition of cow dung and organic rich garden soil, respectively, which are rich in decomposer microbes.

Results
The most significant results were:

Production of worm biomass: a nutritive meal for the fishery,
poultry and dairy industries

Large-scale vermicomposting of sludge would result in the
production of tons of worm biomass every year which is a
‘pro-biotic’ food for the poultry, dairy and fishery industries.
‘Worm meal’ is rich in the essential amino acids lysine and
methionine.

Experimental study of vermicomposting of
sewage sludge at Griffith University, Australia.
The objectives of the study were to assess the: (i) rapidity of
sludge stabilization and maturity under different composting
methods; and (ii) status of the heavy metals cadmium and
lead, percentage of coliform bacteria and E. coli, and age of
total organic carbon (TOC) in the untreated sludge (upon
natural ageing) in vermicomposted and conventionally composted sludge.

Material and methods
Sewage sludge was obtained from a local sewage treatment
plant in Brisbane and earthworms were cultured by The
Worm Man in Australia. The worms mixed species of E. foetida, Perionyx excavatus and Eudrillus eugeniae. Cow dung was

1. There were no significant changes in the control sample
for several weeks. There was rapid moisture loss and foul
odour that continued up to week 12. This was about 20%
stabilized by week 12.
2. Most significant and rapid changes were observed in
Treatments 2 and 3 which contained earthworms. Foul
odour disappeared by week 2 and the colour and texture
of the sludge started changing to that of ‘soil’, which is an
indication of the stabilization process that started in week 2.
By week 12, the black and brittle sludge became a homogeneous and porous mass of brown vermicast with light
texture. The worms were active and agile, grew in size but
not much in numbers. There was enough moisture and the
sludge appeared to be stabilized by over 80% by week 12.
3. Worm activity was more vigorous in Treatment 3 where
cow dung was provided as additional feed for the worms.
They were much healthier and more in numbers with several cocoons and baby worms indicating rapid rate of
reproduction. By week 10, the black sludge became a
homogeneous and porous mass of brown vermicast with
lighter texture. There was greater retention of moisture. It
was over 90% stabilized by week 12.

Fig. 1: Status of coliforms in the untreated (control), vermicomposted and conventionally composted sludge (biosolids) after 12-week period.

Table 3: Status of coliforms in the untreated (control), vermicomposted and conventionally composted sludge (biosolids) after 12-week period.
Sample tested

Stabilization (%)

Colilert test under UV lamp

20%

Positive

1.

Untreated sludge (control)

2.

VC sludge by earthworms only

80%

Negative

3.

VC sludge by earthworms + cow cung

90%

Negative

4.

*Composted sludge with cow dung

50%

Positive

5.

*Composted sludge with organic soil

40%

Positive

VC, Vermicomposted.
*Conventional composting by microbial degradation.

4. The changes occurring in Treatment 4 (sludge mixed with
only cow dung) were slow, with odour continuing up to
week 12. It was about 50% stabilized by week 12.
5. The changes occurring in Treatment 5 (sludge mixed with
organic soil) was also slow, with odour continuing up to
week 12. This too, was about 40% stabilized by week 12.

Status of coliforms in untreated, vermicomposted and
conventionally composted sludge
Tests for pathogens were made using Colilert reagent. White
granules of Colilert powder were added to the samples and
incubated for 24 h at 35˚C. The samples are tested under a
UV lamp for colour changes after 24 h but before 28 h. Yellow colour indicates the presence of total coliforms and the
yellow colour with fluorescence indicates the presence of E.
coli. If there is no colour change, it is free of pathogens.
A 1-g sample from Treatment 1 (12-week aged sludge)
was taken in a polycarbonate sterile container and diluted
with 100 ml of sterile water in a laminar flow machine and
tested under UV lamp. The colour was yellow with fluorescence indicating the presence of total coliforms in the
untreated sludge even after ageing for 12 weeks.
Samples (1 g) from Treatments 2 and 3 (vermicomposted
sludge) were taken and subjected to the same operation.
There was no colour change indicating complete absence of
coliforms and E. coli.
Samples (1 g) from Treatments 4 and 5 (conventionally
composted sludge) were taken and subjected to same opera-

tion. There was change in colour (yellow) indicating the
presence of coliforms and E. coli.

Discussion
Results clearly show that the earthworms significantly reduced
or almost eliminated the pathogens from the digested (vermicomposted) sludge. Sludge treated with earthworms (with or
without feed materials) only showed negative results by the
Colilert test under the UV lamp. This was achieved in just 12
weeks.
It also implies that, under the conventional composting
systems by enhanced microbial degradation, pathogens will
remain in the sludge for a longer period of time until it is
completely dry with all food and moisture exhausted making
it difficult for them to survive. That is why they are classed as
biohazard and landfilled or incinerated.

Status of the heavy metals cadmium and lead in untreated,
vermicomposted and conventionally composted sludge
Tests for the presence of the heavy metals cadmium and lead
were done using atomic absorption spectroscopy. Samples
were heated in an oven at 60˚C for 48 h, cooled in a desiccator and ground to 1 mm particle size. An air-dried sample (1 g)
was digested with 5 ml of concentrated nitric acid in a 75-ml
digestion tube for 3 h at 145˚C. The solution was allowed to
cool for 48 h after which it was filtered through glass fibre in
a funnel into a 25-ml volumetric flask. The solution was then
transferred into 50-ml Falcon tubes, centrifuged at 3000 rpm,

Fig. 2: Status of heavy metals cadmium and lead (Pb) in the untreated (control), vermicomposted and conventionally composted sludge (biosolids) after 12-week period.

Fig. 3: Percentage reduction in cadmium and lead in the untreated (control), vermicomposted and conventionally composted sludge (biosolids)
after 12-week period.

Table 4: Status of heavy metals cadmium and lead in the untreated (control), vermicomposted and conventionally composted sludge (biosolids;
mg kg–1 of soil) in 12-week period.
Sample tested

Cadmium (% reduction)

Lead (% reduction)

2.6 (–)

83.2 (–)

1.

Untreated sludge (control)

2.

Vermicomposted sludge by earthworms only

2.1 (19.23%)

67.2 (19.2%)

3.

Vermicomposted sludge by earthworms + cow dung

1.1 (57.70%)

37.1 (55.4%)

4.

*Composted sludge + cow dung

2.6 (NC)

83.2 (NC)

5.

*Composted sludge + organic soil

2.6 (NC)

83.2 (NC)

*Conventional composting by microbial degradation.
NC, no change in value.

and the supernatant tested for heavy metals in an atomic
absorption spectrometer.
Results confirmed that the earthworms reduced cadmium
and lead levels from the vermicomposted sludge (Table 4).
There was no change in the values of heavy metals in the
untreated sludge and sludge treated by adding only cow dung
and organic soil (without worms) to enhance microbial composting. Although sludge can be slowly stabilized by microbial degradation over a period of time, the heavy metals will

remain in the system for quite sometime after which it may
leach into soil or bind with soil organic molecules.
Though there was no significant removal of heavy metals
by earthworms in the 12 weeks of the experiment, their role in
heavy metal removal cannot be undermined. Providing additional feed materials to enhance worm activity and also their
number led to greater removal of heavy metals. This implies
that over a period of time and with enhanced worm activity,
heavy metals can be completely removed from the sludge.

Table 5: Total organic carbon (TOC) in the untreated (control),
vermicomposted and conventionally composted sludge (biosolids) in
12-week period.
Sample tested

TOC (%)

1.

Untreated sludge (control)

64.15

2.

Vermicomposted sludge by earthworms

52.36

3.

Vermicomposted sludge by earthworms +
cow dung

41.36

4.

*Composted sludge + cow dung

58.16

5.

*Composted sludge + organic soil

58.18

*Conventional composting by microbial degradation.

Status of total organic carbon (TOC) in untreated,
vermicomposted and conventionally composted sludge
TOC was measured by heating 3 g of samples in crucibles
(whose empty weight was recorded) in an oven at 50˚C for 1
h so that all the carbon-containing organics were volatilized
from the samples. They were then cooled in desiccators for
30 min. The weight of the samples was recorded again to
determine the amount of carbon content that volatilized.
The difference in initial and final weights gave the value of
total organic carbon in the samples.
Results clearly shows that vermicomposting of sludge can
reduce the total organic carbon of sludge in much lesser time.
This has significance in lowering the C/N ratio so that nitrogen
can be made bio-available to the plants.

Problems encountered during vermicomposting of sewage
sludge
There is initial odour problem because the worms are overloaded with waste beyond their ‘carrying capacity’ at a given
time and oxygen supply becomes insufficient leading to anaerobic conditions. As the worms grow and multiply over a period
of time, they discharge more anti-pathogenic coelomic fluid,
create more aerobic conditions in the waste biomass by burrowing actions, and devour the anaerobic microbes thus
removing the odour problem.

However, a natural insoluble mineral zeolite (aluminium silicate) when mixed with sludge (3–5%) reduces or eliminates
the foul odour by absorbing the gases ammonia and hydrogen sulphide. Zeolite has additional advantages. Its cage-like
skeletal structure traps heavy metals and prevents their
leaching into the environment. It also helps to raise or lower
pH of waste through cation exchange.

Environmental and economic benefits of vermistabilization
of sewage sludge
Vermistabilization by vermicomposting involves about 100–
1000 times higher ‘value addition’ in the system. Earthworms
can compost and convert municipal and industrial sewage
sludge into a valuable resource at a fraction of the cost of
other methods and also divert them from ending up in landfills. Landfills are proving to be an economic and environmental burden (emitting greenhouse and toxic gases and the
threat of groundwater contamination by leachate discharge)
for nations. Classed as a biohazard, sewage sludge has to be
necessarily disposed in secured landfill sites at still higher
cost. The up-front cost of construction of an average secured
landfill is estimated to be US$ 15–25 million before the first
load of waste is dumped. This explains the dollar value of
diverting every cubic metre of sludge from the landfills by vermicomposting. Some nations incinerate sewage sludge and the
cost of incineration is both economic (in terms of high use of
energy) and environmental (in terms of pollution).
Australia is saving over 13,000 m3 of landfill space every year
by vermicomposting (Komarowski 2001). The Hobart City
Council in Tasmania is saving AU$56,000 per year just from
avoiding landfill disposal and earning an equal amount (about
AU$55,000) from the sale of vermicompost to the public
(Datar et al. 1997). Redland Shire in Queensland saved over
AU$50,000 every year and earned an equal amount from the
sale of vermicompost.
Economic and environmental benefits also accrue from
the production and sale of live worms and their excreta (vermicompost). Together, they significantly improve soil fertility
and food productivity is enhanced by over 30–40% as com-

Fig. 4: Total organic carbon (TOC) in the untreated (control), vermicomposted and conventionally composted sludge (biosolids) after 12-week
period.

pared to chemical fertilizers as our study has shown (Sinha et
al. 2009). The protein-rich ‘worm meal’ is supporting the
fishery, poultry and dairy industries. The pharmaceutical
industry is also finding a new use for earthworms in the manufacture of antibiotics from their anti-pathogenic coelomic
fluid. The cost of ~1000 worms on the Australian market is
about AU$50.

Conclusions
Vermicomposting is a self-promoted, self-regulated, selfimproving, self-driven, self-powered and self-enhanced, low
or no energy requiring zero-waste technology, easy to construct, operate and maintain. Earthworms have real potential to both increase the rate of aerobic decomposition and
composting of organic matter in the sewage sludge and also
to stabilize organic residues by removing harmful pathogens
and heavy metals. Of all, E. foetida is proving to be the best
waste degrader and composter. It may not be able to remove
toxic substances completely, but at least it changes the
‘chemical make-up’ of the sludge to rendering it harmless to
the soil. This method has been found to comply with grade A
standards for sludge stabilization (Basja et al. 2003).
The worm number and quantity (biomass) is a critical factor for vermicomposting/vermistabilization of all solid wastes
besides the optimal temperature and moisture which determine worm activity. A minimum of about 100–150 adult worms
per kilogram of waste would be ideal to start with for rapid

biodegradation and also an odour-free process. Vermistabilization process driven by the earthworms tends to become
more robust and efficient with time as the number of
degrader worms grows and invades the waste biomass.
Vermiculture technology can even prevent formation of
sewage sludge if the waste-eater earthworms are used in sewage treatment plants. They feed upon the waste-water solids
besides significantly reducing the BOD and COD loads and
the TDSS (Sinha et al. 2008a). Practicing vermicomposting
technology for management of all organic wastes (solid and
liquid) including sewage sludge is like ‘killing two birds in
one shot’. It can provide solutions to the twin objectives of
safe waste management and sustainable agriculture by converting all the societal waste organics into nutritive biofertilizer which will be used by farmers to grow more food for
society. Worms are assuming great significance these days in
sustainable agriculture and horticulture (Sinha et al. 2009).
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Appendix G4
Microorganisms

Appendix G4
Draft BASIC ASSESSMENT REPORT for proposed Upgrading of Clarkson Sewage Network and Waste
Water Treatment Works
Koukamma Local Municipality , Sarah Baartman District Municipality

List of microorganisms used in combination for breakdown of nutrients in aerobic and anaerobic systems (courtesy
of Ecological Laboratories Inc.)
Species

Inferred function(s)

Mechanism

Bacillus amyloliquefaciens

Amine degradation;
degradation

Bacillus licheniformis

Protein degradation, nitrification

Bacillus subtilis

Hydrocarbon degradation; Amine
Heterotrophic uptake
degradation; Protein degradation

Clostridium butyricum

E. coli inhibition;
organics degradation

Clostridium sartagoforme

Organic Nitrogen removal; Chitin degradation, LCFA
Complex organics degradation
degradation

Desulfovibrio vulgaris

Reducing sulfate to sulfide;
Sulfur reducing; Toxic heavy
Converting heavy metal to
metal removal
insoluble matter

Desulfovibrio aminophilus

Amino
acid
oxidation,
Sulfate reducing; Degradation of Reducing sulfate to sulfide;
amino acid
Converting heavy metal to
insoluble matter

Geobacter lovleyi

Benzene-,toluene- or xylene- Benzene
Oxidation;
(BTEX) degrading; PCE removal, Reductive
dechlorination,
Heavy metal removal
Heavy metal oxidation

Methanomethylovorans hollandica

Utilization of dimethyl sulfide
Sulfur compound removal; Odor
(DMS);
Methylamines
control
degradation

Methanosarcina barkeri

Nitrate removal; Odor control

Pseudomonas citronellolis

Ammonia removal; Phosphorous Nitrate reducing, ammonia
removal, complex organics oxidation, Accumulating poly
degradation
–P, Hydrocarbon degradation

Rhodopseudomonas palustris

Phosphorous
control;
degradation

Wolinella succinogenes

Oxidizes sulfide; Nitrate
Sulfur reducing; Odor control; reduction;
syntrophic
Removal of toxic organics
degradation with sulfate
reducers or Geobacter spp.

Protein

Complex

Heterotrophic uptake
Heterotrophic uptake, nitrite
oxidation

Antibiotics produced inhibit
pathogens,
LCFA
degradation

Nitrogenase, denitrification,
Methylamines degradation

removal; Odor Accumulation
Hydrocarbon Degradation
cellulose

of
of

poly-P;
LCFA,

