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Abstract

Most biosolids produced at wastewater treatment plants in New Zealand,
are currently put into landfills, were they can generate methane and produce
leachate. Recent Government policy means that this disposal method cannot
continue to be used and biosolids must be used beneficially. However, biosolids
need to be stabilised before beneficial use. Using earthworms to break down
organic wastes has gained momentum in the past decade. Earthworms and micro-
organisms can be used in the vermicomposting process to stabilise many organic
materials including biosolids.

This dissertation summarises information on vermicomposting obtained
from a literature review and from visiting two large-scale commercial
vermicomposting operations in Australia. Investigations assessed the potential of
vermicomposting biosolids in New Zealand. Initially, the physical, chemical, and
microbiological properties of three biosolids and four sewage sludges were
measured. Worm acceptance of these materials were then determined. The four
most promising materials from North Shore, Hamilton, Te Awamutu and Taupo
were vermicomposted for 30 days using Fisenia fetida. The vermicasts produced
were then evaluated in a glasshouse pot trial using ryegrass.

The biosolids characterised had widely different properties compared to
sewage sludges from waste stabilisation basins. Biosolids had more plant
nutrients, greater pathogens numbers (as indicated by E. coli) and lower heavy
metal concentrations than sewage sludges. Biosolids were initially toxic to
worms due to ammonium concentrations and required stabilisation for 14 days
before acceptance whereas sewage sludges were acceptable within two days if
cellulose (as paper or cardboard) had been added. Vermicomposting these
materials for 30 days produced vermicasts with lower volatile solids, higher C/N
ratio, and significantly reduced indicator pathogen concentrations than the starting
material. Ryegrass trials showed that mixing vermicasts with soil significantly
increased plant growth, mostly because of the soluble N content.

Trial results have shown that vermicomposting is an acceptable method
for stabilising biosolids and produces a quality end product highly beneficial for

land use.
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Materials & Methods

Total Carbon NH.-N
. - Source/treatment  solids (%) (% DM) (% DM)
Biosolids
anaerobically North Shore (meso) 174 419 0.74
digested (AD) i
- mesophillic (350C) Hamilton (thermo) 259 434 0.60
- thermophillic (550C) Taupo (meso) 19.8 40.8 0.31
s Te Awamutu 8.2 311 0.1
ewa
ge Temple View 8.4 208 0.1
sludge
stabilisation Huntly 388 1.0 0.03
basin (38) Ngaruawahia® 43.2 1.2 0.01

Results & Discussion
Preference studies

wastes.

Worms require highly moist (80-85%) and aerobic

Investigations

B Worm preference
studies
® Physical, chemical,
biological
measurements
before and after
vermicomposting
for 30 days

*Two SB sludges not suitable
for vermicomposting as organic
matter content too low.

Time taken for worms to find biosolids acceptable

Biosolid source  Days
W Fresh anaerobic biosolids toxic to worms — re 14 Addition of
ammonium-N levels too high ? Hamilton 14 shredded paper
- Taupo 10 encouraged
How long before NH«-N decreases to tolerable levels? T haiiis 2 worms into SB
Temple View 2 biosolids which
Huntly 35 were too wet
Ngaruawahia 35 otherwise
Impact of vermicomposting on:
Stabilisation
Volatile solids (VS) Biosolids Biosolids
used as indicator @ 80 Vermicasts Vermicasts
of stabilisation. L 12
2
< 60
" 2
3 ®8
Worms effective in 3 40 =
reducing VS in AD ® Ga
biosolids, however = 20
Te Awamutu SB 5 o
sludge was too wet. North Hamilton Taupo Te North Hamilton Taupo Te
Shore Awamutu Shore Awamutu
An;""‘on'um Biosolids Vermicasts
an eav
y Biosolids Total carbon  Total nitrogen NH«N Cu Zn
metals source (%) (%) % mgl/kg mglkg
dry weight basis
North Shore 434 358 48 43 0.74 028 640 530 850 945
CIN ratio - % . .
tacreaned. Hamilton 420 347 62 38 0.60 0.57 420 320 550 640
NH.-N decreased, a 3 -
heavy metals Taupo 408 393 51 38 031 0.14 460 420 780 870
YRIROlS e mne. Te Awamutu 11 17 25 25 0.11 0.06 920 1010 1660 1540
Pathogens
MPN index/g - Biosolids
dry weight basis g Vermicasts
3
Initially high £
populations in F 4
mesophillically =
treated biosolids. =
Significant 8
pathogen w
reductions North  Hamilton Taupo Te
achieved by worms. Shore Awamutu

Courtesy of Vermitech Lid, Australia

Aim
To investigate the effectiveness of
vermicomposting in improving the physical,
chemical and biological attributes of biosolids
from different wastewater processing plants.

-—

Fresh
biosolids

Vermitomposting'
in actiop

Conclusions

Worms found all anaerobically digested
biosolids acceptable within 14 days.

Stabilisation basin sludges
more acceptable for vermicomposting.

Volatile solids reductions of 17-22%
achieved after 30 days.

Variable results on nutrient
and heavy metal concentrations.

Significant reductions in pathogen numbers.

Vermicomposting appears to be
a viable option for biosolid stablisation.

EXample o1 -
vermicomposting operation
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Introduction

¥ New Zealand produces 400,000 tonnes of wet biosolids/s sludge

W Over $8-10 million of plant nutrients is locked into biosolids/sewage sludge.

® Nutrient contents in blosohdslsewago sludgo may vary dependmg on inputs, sludge
pi g and t sites.

re-use of bi ge sludge on land will depend on the agronomic
effectiveness, pathogen risk and heavy metal risks.

Total N uptake (mg/pot) in ryegrass
shoots

Agronomic
response

Ryegrass shoot DM yields
(mg/pot) over five cuts

Some and of i d biosolids (dry weight basis)
Moisture N* i Soluble N* Zn* Faecal coliform
(%) (%) (%) (%) (ppPm) (MPN/g biosolid)
North Sh 84 43 1.8 0.35 950 9.5 x 102
Biosolids: e X
anaerobical + 78 38 3.0 0.65 640 1.8 x 102
digested
Taupo 83 38 15 0.23 870 52x10%
Sewage sludge: 1o apamuty 86 25 0.5 0.06 1540 1.7x10%
Biosolid stabilisation basin
vermicasts
* total contents

. 250 kg N/ha

% E 4000 i
oy
L%
& £ 2000
0 o
Con!rol North Shore Hamilton Taupo Te Awamutu
1209

. 250 kg N/ha

Agronomic performance of
% vermicomposted
B biosolids

Aims

To investigate agronomic
effectiveness of four
vermicomposted biosolids.

To assess nutrient uptake,
pathogen persistence, and
heavy metal fate.

Soil:
pH 6.7; Total N 0.5%; Olsen P 23

ic ash:

Experimental design: 4 materials
x 2 addition rates (250 and 500 kg N/ha), plus
control x 3 x5

over 90 days

Measurements:

Shoot and root dry matter yields

Nutrients: nitrogen (N) and phosphorus (P)
Pathogens: total coliforms (as indicator organism)
Heavy metal: zinc (Zn)

Conclusions

Total N removed (%)
in ryegrass shoots

Pathogen
persistence
Total coliforms (MPN)
in soils treated with

vermicomposted
biosolids

Heavy metal
fate

Zinc concentrations (mg/pot)
in ryegrass shoots

= | &= 5
Conlrol North Shore Hamilton Taupo  Te Awamutu

. 250 kg N/ha
[ s00

Nitrogen removal

North Shore Hamilton Taupo Te Awamutu

Total coliforms
(log10/g soil)

Control  North Shore Hamilton Taupo Te Awamutu

300: - 250 kg N/ha

Znin DM
(mgl/pot)

Control  North Shore Hamilton Taupo  Te Awamutu

Proportion of soluble N
in the biosolids affects
relative agronomic yields.

N removal varied
between 7-25%.

Low pathogen risks.

Zn uptake dependent on
initial concentration.



