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Abstract

An investigation into the viability of vermicomposting septic tank waste was carried out. Progression of the
composting process was monitored by analysing a range of chemical and biological parameters (dehydrogenase
enzyme activity, Escherichia coli (E. coli), Olsen P, nitrate and ammonium). At the end of the composting period
additional parameters were measured such as total C and N, organic matter, pH, soluble P and N, Salmonella spp.,
Campylobacter spp. and Helminth ova. Dehydrogenase activity and nitrate and ammonia ratios were shown to be
useful indicators to determine the maturation of compost. However, reduction in E. coli did not relate well to removal
of pathogens such as Campylobacter spp. and Helminth ova. Pasteurising temperatures cannot be achieved during
vermiculture as worms are sensitive to thermophile temperatures, thus for wastes containing high levels of pathogens
(such as raw sewage or septic tank waste), further treatment may be required to produce a pathogen free compost.
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Introduction

Many rural communities are not reticulated, relying on domestic
on-site wastewater treatment systems. In New Zealand, there are over
270,000 domestic on-site wastewater treatment systems and while
60,000 are for holiday homes the majority are for isolated communities
[1]. This compares to 26 million in the USA [2], 1 million in Australia
[3] and 300,000 in the UK [4]. Many systems are simple holding tanks
leading to disposal fields which require regular emptying to remove
settled septic sludge. Commonly, this sludge is transported long
distances to centralised wastewater treatment plants and once treated,
and stabilised, may be suitable for beneficial re-use. The treated sludge
(or biosolids) has the potential to be used as a fertilizer as it is carbon
rich and has high concentrations of valuable nutrients [5]. In addition
there is increased community awareness and support around achieving
sustainable waste management. One disadvantage, however, is that
sewage sludge may contain toxic elements and compounds found in
organic wastes (e.g., heavy metals, pharmaceutical products and human
pathogens), some of which may be hazardous to environmental and
human health [5,6]. This presents a significant road block to reuse and
often results in landfilling of biosolids. Vermicomposting is emerging
as an appropriate technology for small communities who wish to
re-use their own waste as it has been shown to effectively transform
organic waste into useful compost. Vermicompost is a nutrient-rich,
microbiologically-active organic amendment that results from the
interactions between earthworms and microorganisms during the
breakdown of organic matter. It is a stabilized, finely divided peat-
like material with a low C:N ratio, high porosity and high water-
holding capacity, in which most nutrients are present in forms that
are readily taken up by plants [7]. A diverse range of feed stocks can
be incorporated into the process and providing certain parameters are
maintained, this is a cost effective and fairly rapid treatment compared
to standard composting. In previous studies, vermicomposting has
been shown to enhance mineralisation of nitrogen [8] and phosphorus
[9], stabilise organic matter, reduce or even eliminate pathogens [10-
12] and produce a chemically and biologically enriched material [13].

Much research exists around the determination of the stability
and maturity of compost and vermicompost. Various parameters have

been suggested as good determinants for compost stability, including
C:N ratio, NH,*-N / NO,-N ratio, NH *-N content and dehydrogenase
activity. There are also guideline values in many countries for certain
contaminants in composts which must be satisfied for re-use purposes
in order to classify it as a suitable fertilizer e.g., E. coli, heavy metals and
nutrient requirements [14-16].

Vermicomposting of sewage sludge has been successfully
demonstrated [17] but the process is not straight forward as high levels
of ammonia can be present in sludge which can prove toxic to worms
[18]. In addition the lack of a thermophilic [19] stage precludes the
wholesale removal of micro-organisms including pathogens. Though
there are many authors that suggest otherwise, the small scope of
those investigations, the use of indicator organisms e.g., coliforms and
the generally benign feed stocks show a very optimistic view of what
vermicomposting is ultimately capable of.

Our study focused on a small rural settlement of <50 people. The
community was pre-dominantly Maori, the indigenous people of New
Zealand with a strong spiritual connection to the land. The wastewater
of most of the homes in the settlement is treated by on-site septic tank
systems, and the waste water solids created by this process are removed
periodically and treated at a centralised waste water treatment plant
approximately 28 kilometres away. The aims of this study were to (1)
examine the biological and chemical property change over the time of
vermicomposting; (2) identify useful indicators that indicate the timing
of compost maturity; (3) determine the potential of vermicomposting
as a technology to produce a high value, pathogen free (Grade A NZ,
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Class A Australia and USA) product for small isolated communities
that have an interest in recycling/reusing their own waste.

Materials and Methods

Wastes

Two different types of wastes were used in this study. Dewatered
dairy shed solids were collected from local dairy farms in the Waikato
region, New Zealand, dewatered and stored for three months in
large plastic drums before use. Septic tank waste from the Marae
(community meeting house) and several house-holds in the area were
collected and de-watered by belt press to approximately 25% solids and
used immediately in the trial.

Bulking agents

Palm fibre and tomato prunings were collected over the course of
two months from the commercial greenhouses within the community.
The choice of bulking agents was one of convenience as the two materials
were readily available in the community, and would encourage optimal
worm activity i.e., high water absorbency, ‘bulky’ to allow free flow
of oxygen and with a high C:N ratio. Both bulking agents were dried
and the tomato prunings were chipped to 6 mm to ensure the final
vermicompost would be free of large debris.

Experimental design

Four mixtures were used, including (1) a positive control (dairy
shed solids 30%+palm fibre 60%+tomato prunings 10%+worms (PC)),
(2) a negative control (septic tank waste 50%+palm fibre 40%+tomato
prunings 10%+no worms (NC)), (3) a low rate of septic tank waste
treatment (septic tank waste 30%+palm fibre 60%-+tomato prunings
10%+worms (LS)) and (4) a high septic tank waste treatment (septic
tank waste 50%+palm fibre 40%-+tomato prunings 10%-+worms
(HS)) (Table 1). The wastes were mixed with the bulking agents to
an optimum C:N ratio for vermicomposting (C:N=25) [20]. A high
carbon to nitrogen ratio helps the worms break down their bedding
(palm fibre and tomato pruning) and food (sludge) slowly reducing
excess heat production, which increases worm morbidity.

The mixtures were transferred into custom vermicomposting
units (6.5 kg each replicate), with four replicates for each treatment.
The moisture content of the mixtures in each unit was always
maintained above 75% to provide adequate moisture for the worms
during the entire vermicomposting period [21]. The initial pH of the
mixtures was around 7-8, optimal for worm activity (Table 1) [22].
The vermicomposting units were of a stacked bucket design, with the
compost contained in the top bucket and a leachate collection bottle
in the bottom bucket. The lid and base of the top bucket had aeration
holes covered inside with frost cloth to prevent the worms escaping.
The external temperature was maintained at an optimal for worm
activity (between 15- 20°C) [21] over the course of the experiment. The
internal temperature was not monitored. Though septic tank waste is
an excellent source of carbon and nitrogen, it can contain high levels
of ammonia which is toxic to worms. Therefore a short period of pre-
composting was necessary to eliminate this potential [10]. The length
of the pre-composting phase was determined by exposing earthworms
to daily sub samples of the treatments and measuring mortality over a
24 hour period. When all of the worms added survived, the waste was
deemed to be ready for use, in this case after 19 days of pre-composting.

Following pre-composting, 150 g of worms (Eisenia fetida) were
added to each vermicomposting unit and left to acclimatise for two
weeks before the first sampling. All treatments were mixed weekly to

ensure adequate aeration. Grab samples (150 g) of vermicompost were
sampled fortnightly and subsequently analysed for a range of chemical
and biological parameters (dehydrogenase enzyme activity, total
Escherichia coli (E. coli), phosphate (Olsen P), nitrate and ammonia)
known to give an indication of the vermicomposting process and its
stages. Ultimately, the vermicomposting process was determined
to be finished when E. coli reached <100 MPN/g - the level used to
describe high quality biosolids [23] that is effectively pathogen free. A
subsample was then taken for more extensive analysis (pH, C:N ratio,
organic matter, EC) including the parameters required for ‘grading’ the
product on a microbiological basis (Table 2).

Analytical methods

Escherichia coli were enumerated using a five-tube Most Probable
Number (MPN) method (US Food and Drug Administration -
Bacteriological Analytical Manual (FDA-BAM), Chapter 4 online,
2002). The method used for enumerating Salmonella spp. was a five-
tube MPN method [24], as was the method used for enumerating
Campylobacter spp. [23]. Helminth ova were determined by elution,
concentration and microscopic Dehydrogenase
enzyme activity was measured by estimating the rate of reduction of
3-p-iodophenyl-3 p-nitrophenyl-5-tetrazolium chloride (INT) to
Iodonitrotetrazolium (INTF) after incubation at 37°C for 2 h, in an
Optima microplate reader at 464 nm [25]. Inorganic N was extracted
with 2 M KCI. Nitrate-N (NO,-N) was determined by the Ultraviolet
Screening method [26]. Ammonium-N (NH,"-N) was determined by
the Indophenol colorimetric method [26]. Olsen P was determined
using the extraction method described by Blakemore et al. [27] followed
by the Molybdate/Malachite Green method [28] for phosphate analysis.
Total C and N were analysed by Leco CNS (modified Dumas method)
and organic matter estimated by loss of ignition @ 550°C (Appendix
B, NZS 4454). Water extracts were prepared as stated in Appendix A,
NZS 4454.

examination.

Statistical analysis

The confidence limits for MPN population estimates for E. coli
were calculated from prepared tables [29]. A compilation of factors
based on the rate of dilution and number of tubes per dilution are
used in the calculation of the confidence factor (CF). Two population
estimates differ significantly (P=0.05) when the upper limit of the lesser
estimate does not overlap with the lower limit of the greater estimate.
Decimal reduction time (D values), which is the number of days
required to cause one logl0 or 90% reduction of the initial population
[30] were calculated from the MPN E. coli data collected over the
sampling periods. We compared D values by using analysis of variance
(ANOVA) and significance testing.

NC HS LS PC

pH 71 74 7.6 7.7

EC (dS/m) 2.1 25 24 2.9
Organic Matter (%) 79 79 76 67
Total C (%) 41 39 39 34
Total N (%) 1.8 1.9 1.6 1.4
C:N Ratio 23 21 24 24

Total P (%) 0.38 0.36 0.35 0.34
DOC (mg/L) 335 311 203 75

E. coli (MPN/g) 28x10% | 1.1x105  2.1x10° | 1.6x10*

NC: Negative Control; HS: High Septic Tank; LS: Low Septic tank; PC: Positive
Control

Table 1: Baseline characteristics of the four treatments used in the experiment.
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. i USA New Zealand" New South Wales’

Microorganisms
Class A Class B Grade A Class A
E. coli N/A <100 MPN/g N/A
Faecal coliforms <1000 MPN/g <2000000 MPN/g N/A <1000 MPN/g
Salmonella spp. <3 MPN/4 g <1/25¢g Not detected/50 g
Camplylobacter spp. <1/25¢g
Enteric viruses <1 PFU/4 g <1 PFU/4 g <1 PFU/4 g
Helminth ova <1/4 g <1/4 g <1/4 g

N/A=No limits; PFU: Plaque-Forming Unit; MPN: Most Probable Number; ‘New Zealand and New South Wales Grade/Class B sludges have no limits for microorganisms

Table 2: Pathogen density limits adapted from United States Environment Protection Agency (US EPA); New South Wales Environmental Protection Agency (NSW EPA)

and New Zealand Waste Water Association (NZ WWA).

Results and Discussion
Biological property change over the time of vermicomposting

Based on E. coli concentrations it was determined that stability/
maturity of the compost was achieved after 187, 131, 131 and 103 for
NC, HS, LS and PC respectively (Table 3). These results indicated that
stability was achieved faster when worms were present in the compost mix.

However, E. coli concentrations in all treatments were extremely
variable (Figure 1). This is probably due to both the action of the
earthworms and the physical mixing that was performed during
each sampling, resulting in a re-distribution of micro flora and food
sources, and re-aerating the compost. This is an unavoidable artefact
of a batch system where there is no differentiation between bedding
and feedstock. Total numbers of E. coli declined in all treatments over
the experimental trial, D-values for the PC treatment averaging 23
days, LS 35 days, HS 40 days and NC 37 days. E. coli was no longer
detectable in the PC by day 89 and both HS and LS by day 131 (in 2 of
the 4 replicates). At day 189, E. coli was still detected in all replicates
of the NC, though at levels below 100 MPN/g (the limits for Grade A
biosolids in New Zealand). The initial rate of decline was not found
to be significantly different between the treatments with and without
worms-suggesting E. coli was predominately being removed by factors
such as temperature, and indigenous microbial competition.

Salmonella spp. was not found at high levels in the raw septic tank
waste (Table 6), and only one replicate in the LS treatment was positive
for Salmonella spp. (Table 4).

Helminth ova concentrations (Table 6) in the raw septic tank
waste were high (700-1900 ova/4 g). Concentrations of Helminth
ova found in sludge in developing countries range between 280-
2940 ova/4 g while only <4-52 ova/4 g is the normal range found in
developed countries [31,32]. Importantly, 4-40 ova/4 g is considered
an infectious dose (USEPA) which places this pathogen at the top of
the list of the microorganisms tested in this trial with regards to human
health risk. Analysis of the final vermicompost showed that numbers
had significantly decreased in all treatments but were still many times
greater than recommended limits of 1-4 ova/4 g (USEPA) and would
therefore pose potential human health risks. The only treatment with
significant removal of Helminth ova was the NC, with concentrations
ranging from <6-28 ova/4 g (Table 4). However, this may be due to
either higher temperatures potentially reached or natural attenuation
over time as this treatment was composted for a 56 days longer
than other treatments before being destructively sampled due to the
indicator organism (E. coli) remaining close to guideline limits until
this time. This is at odds of the findings of Eastman et al. [12] who found
log reductions of Helminth ova over a period of hours in biosolids.
The difference between the two studies was that the Helminth ova was
inoculated onto the biosolids while ours were native to the septic tank

Criteria Endpoint NC HS LS PC

NH,~N 400 mg/kg 5 21 27 32
NH,-N/NO,-N 0.16 0.007 0.008 0.007 0.006

E. coli <100 CFU/g 11 6.3 12 1.8

C:N Ratio <20 15.3 16.8 19 20

NC: Negative Control; HS: High Septic Tank; LS: Low Septic tank; PC: Positive
Control

Table 3: Maturity Indicators used and data from the four treatments after
vermicomposting.

6 No Worms
High Septic Tank
Low Septic Tank

o

Positive Control

EN

log E. coil MPN/g
w

N

0 20 40 60 80 100 120 140 160 180 200
Days

Figure 1: E. coli concentrations during vermicomposting.

waste and well acclimatised. Rodriguez-Canché et al. [10] reported
complete removal of Helminth ova after 60 days of vermicomposting
from sewage sludge with an initial native concentration of 12.5 ova/g
dry wt., which were almost 2 orders of magnitude lower than ours.

Campylobacter spp. concentrations in the finished product (Table
4) were several orders of magnitude greater than the NZ guideline
limits (Table 2) [14]. Campylobacteriosis is the most frequently
notified foodborne disease in New Zealand, with yearly notifications in
the order of 160 per 100,000 of population (New Zealand Public Health
Surveillance Report, 2012) and for thisreason it is monitored in biosolids
in New Zealand [14]. Several studies have found a poor correlation
between faecal indicators and Campylobacter spp. concentrations
and this was evident in this experiment as E. coli was undetectable
in 3 of the 4 treatments. Inglis et al. [33] found Campylobacter spp.
surviving in compost for up to 7 months with no significant decrease in
numbers, and stated that the ability of Campylobacter spp. to persist in
an ecosystem that is so inhospitable challenges the common belief that
Campylobacter spp. do not survive well outside of their hosts.

Chemical property change over the time of vermicomposting

The baseline chemical compositions of all treatments at time of
setup are listed Table 1. Over the course of the experiment the NH,*-N
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NZS 44(5;t:iz(;?ii§:mpost NZWWAg::g:I:e Limits NC Hs LS PC
pH 5.0t0 8.5 NS 6.77 6.68 6.14 5.17
EC Limited if > 1 NS 8.33 9.37 8.54 8.01
Organic matter % 225 NS 64.9 69.5 7 65.2
Total N% 2 0.6* NS 2.07 2 1.73 1.59
NH,*-N+NO,-N mg/kg 210 NS 91 348 496 542
Soluble P ppm <5 NS 8.9 9 12.7 12.6
Salmonella spp. NS <1/25¢g ND ND ND-5.3 ND
Campylobacter spp. NS <1/25¢g >28000 >28000 >28000 >28000
Helminth ova NS <1/4g <6-28 60-250 84-250 120-870

*If contribution to plant nutrition is claimed. NS: No guideline limits specified; NC: Negative Control; HS: High Septic Tank; LS: Low Septic tank; PC: Positive Control

Table 4: Compost and bio-solid guideline requirements and final analysis of the four treatments after vermicomposting.

NC HS LS PC
Total C % 31708  335+05  328+12 31807
NO,-N mg/kg 756 £ 110 | 2471 +302 3647 £265 5657 + 109
NH,-N+NO,-NWater | o1, 47 | 348:+53 406+50 @ 542 +51
extractable ppm
Anaerobically
Minoralisable Nmgkg | 670%55 49615 33023 133213
Olsen P mg/kg 1065+ 84 = 1289+53 | 893+30 1070+ 38

NC: Negative Control; HS: High Septic Tank; LS: Low Septic tank; PC: Positive
Control

Table 5: Chemical characteristics of the final product from the four treatments after
vermicomposting.

Septic Tank Waste Units
E.coli 23000-240000 MPN/g
Salmonella spp. <20-93 MPN/100 g
Campylobacter spp. 46->110 MPN/g
Helminth Ova 700-1900 Ovald g

Table 6: Septic tank waste pathogen concentrations.

concentration decreased rapidly in all treatments, from initial levels of
472-633 mg/kg to below 100 mg/kg after 4 weeks of vermicomposting
(Figure 2). The loss of NH,*-N during vermicomposting is well
documented [8,17,34]. Atiyeh et al. [8] found a large decrease in
NH,"-N during the first 28 days of vermicomposting and reported that
earthworms caused, at least initially, a more rapid loss of that cation
compared to the treatment without earthworms. In our study there
was no significant difference between the three treatments with worms
and the treatment without, suggesting the loss of ammonium was
independent of the presence of earthworms, and instead probably due
to volatilisation, nitrification [17] and assimilation processes.

The concentrations of NO,-N in compost over the course of the
experiment can be seen in Figure 3. Nitrate-N concentrations at time
zero ranged from 1700 - 3000 mg/kg dry material in all treatments.
After pre-composting and two weeks of vermicomposting, all septic
tank treatments had NO,-N concentrations below 200 mg/kg,
suggesting a significant amount of denitrification and assimilation had
taken place. In contrast, the treatment containing the dairy shed solids
(PC) doubled in NO, -N concentration over this period suggesting that
nitrification is positively affected by low levels of easily available organic
C. As the diary shed solids were stored for some time it is possible that
amuch of the available C had already been depleted by other processes,
and because other conditions suiting nitrification were present (pH,
moisture, temperature) we can assume that nitrification could progress
quickly. As the septic tank waste had been freshly collected, the
available C content was high. This could facilitate assimilation of NO,"
-N by bacteria and hinder nitrification. From this point on, NO,-N

concentrations began to increase in all treatments over the course of
the vermicomposting process, though the rates differed significantly in
all treatments. At 61 days, the dairy shed treatment, PC, had a NO,-N
concentration close to 5000 mg/kg. This contrasts with the two septic
tank/worm treatments HS and LS which, at 61 days had concentrations
of NO,-N of 260 and 900 mg/kg respectively, and the no worm
treatment, NC, at 210 mg/kg. Over the next 28 days NO,-N in the PC
treatment continued to increase at a fairly constant rate of 50 mg/kg
dry compost per day until 89 days where the concentration stabilised
at 5700 mg/kg (Figure 3). The NO,-N in the NC increased gradually at
4 mg/kg dry compost per day, supporting the findings of Parkin and
Berry [34] who suggested that when worms are present, nitrification is
the limiting factor of NO,-N production whereas the decomposition
rate of organic matter, a much slower process, was the rate-limiting
step when no worms were present.

As acidification is a bi-product of nitrification, it was expected
that the pH would decrease relative to the amount of NO,-N
produced. Nitrate N concentration correlated strongly with pH
(Spearman’s=-1.000). The extent of this could be a problem as it
appeared there was little or no buffering capacity in the compost. This
may be detrimental to plant growth and restrict use of the compost
without further liming treatment.

A nitrate to ammonium ratio of <0.16 has been suggested as an
indicator of the maturity or stabilisation of compost [35]. In this study,
all treatments had met this criteria but at different time periods (Figure
4). Indeed PC was already below this level at day 33, suggesting the
dairy shed solids that constituted its faecal waste component had
already undergone considerable microbial degradation. The treatments
containing the septic tank waste and worms satisfied this criterion at
46 days (LS) and 75 days (HS) after the worms were added. For the
NC treatment, the nitrate to ammonium ratio of <0.16 was found at
89 days. This agreed well with a previous study by Cofie et al. [36],
who found it took 85 days to reach a nitrate: ammonium ratio of <0.16
for composting a faecal sludge. As a measure of compost maturity
this indicator appears to be optimistic when looking at the current
experiment and when compared to the other indicators, underestimates
the time required.

Water extract concentrations for NH,*-N+NO,-N (Table 5) ranged
from 91 mg/L in the NC treatment to 542 ppm in the PC. All treatments
were above the suggested requirement for a vermicompost that claims
contribution to plant nutrition [23]. Anaerobically mineralisable
N was also measured at the conclusion of the composting (Table 5).
This test measures the potential of the compost to provide nitrogen to
growing plants -an indication of the quantities of nitrogen that can be
readily mineralised from organic matter. It has also been shown to be a
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Figure 2: Change in NH,*-N concentration during vermicomposting.
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Figure 3: Change in NO,-N concentration during vermicomposting.

good indicator of biological activity and is closely related to microbial
biomass [37]. Our results show a significant negative correlation of
anaerobically mineralisable N with extract-N (Spearman’s -1.000) and
soil NO,-N (Spearman’s -1.000), and the highest values, as expected,
were found in the NC, reinforcing the view that earthworms help
facilitate the mineralisation of N.

In general all treatments showed increases in Olsen-P until day
89 after which a steady state was achieved (Figure 5). As Olsen-P
represents a significant portion of the total mineralisable P, it was
used in this study as a surrogate when looking at the mineralisation of
organic-P during composting. The negative control had a slower rate
of mineralisation, though this was not found to be significant. Worms
are efficient at mineralising organic-P from a wide range of organic
materials [9] as observed by the increase in rate of Olsen-P in the
treatments that included worms.

Dehydrogenase activity in soils and other biological systems has
been used as a measure of overall microbial activity [38], since it
is an intracellular enzyme related to the oxidative phosphorylation
process [25]. For the PC treatment, dehydrogenase activity peaked
at 33 days then tracked downwards consistently until around
89 days where it stabilized at a relatively low activity (Figure 6).
Low Dissolved Organic Carbon (DOC) may account for generally
lower activity in this treatment (Table 1). In the LS treatment,
dehydrogenase activity peaked at day 47 then followed a similar
trend to the PC treatment, but stabilised at a much higher activity,

which matches well with DOC. In both the NC and HS treatments,
dehydrogenase peaked at 61 days and then continued to track
downwards at a similar the rate of decline. These results suggest
that dehydrogenase might not be affected by earthworms and that
the type and quantity of waste could determine the activity of this
enzyme in compost. This is supported by the findings of Aira and
Dominguez [33] who found that dehydrogenase activity did not
change in pig and cow manure after transit through the gut of
Eisenia fetida.

Conclusion

Vermicomposting has the potential to transform septic tank waste
into high value compost as it is effective in stabilizing nutrients and
reducing pathogens. However, some pathogens, such as Helminth ova
and Camplylobacter spp., can still be present at potentially unsafe levels
that would not allow the compost to be safely handled. Traditional
“end-point” detection parameters such as mineralisation of organic N
do not relate well to pathogen reduction. Our study showed that the use
of E. coli spp. as a surrogate for pathogen concentration was unsuitable.
Pre-pasteurisation or further composting may be required to produce
a pathogen free product.
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Figure 4: Change in Ammonium/Nitrate Ratio during vermicomposting and
relationship to the maturity index.
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Figure 5: Change in Olsen-P concentration during vermicomposting.
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