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MICROPLASTICS IN SOIL-PLANT SYSTEM: SOURCE, FATE AND ECOLOGICAL IMPACT 

Jianming Xue AB 

A New Zealand Forest Research Institute (Scion), PO Box 29237, Riccarton, Christchurch 8440, New 

Zealand 

B Corresponding author email: Jianming.xue@scionresearch.com  

 

ABSTRACT 
 
Antibiotic pollution has become a global environmental problem, threatening aquatic ecosystems and 
human health. Prior research has shown that land application of biosolids and animal manure can 
cause residual antibiotics and antibiotic resistance genes (ARGs) to enter the soil and food chain and 
increase environmental antibiotic resistance. In both China and New Zealand there is a pressing need 
to address this issue through developing sustainable approaches to minimise the risk of antibiotic 
resistance transmission from municipal and livestock wastes to humans or animals via the soil-water 
environments. 
The dissemination of ARGs depends mainly on the growth of microbes. The ARG profile and bacterial 
community may co-evolve with a changing territorial environment. However, various bacterial phyla 
are found to be related to the evolution of ARGs. The horizontal gene transfer of plasmids may 
contribute to the dissemination of ARGs. This suggests that there will be higher risks of the prevalence 
of ARGs following application of biosolids. Previous studies have focused on the risks of biosolids 
application regarding changes in the abundance of ARGs, but have not addressed the evolution of 
ARGs, especially under the multiple stresses of other biosolids-derived contaminants (e.g. heavy 
metals, microplastics) in the soil environment. This presentation outlines available information about 
these aspects. 
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DO MICROPLASTICS AFFECT PRODUCTIVE SOIL SYSTEMS?  

 

Helena Ruffell AD, Sally Gaw A, Brett Robinson A, Olga Pantos B, and Grant Northcott c 

 

A University of Canterbury, Christchurch 
B Institute of Environmental Science and Research, Christchurch 

C Northcott Research Consultants, Ltd 
 

D Corresponding author email: helena.ruffell@pg.canterbury.ac.nz  
 

ABSTRACT  
 
Microplastics are plastic particles less than 5 mm in diameter. They result from fragmentation of 
plastic products or are purposefully produced e.g. as abrasives for commercial cleaning and personal 
care products.1 Microplastics also include synthetic fibres released to the environment through the 
washing and general wear of synthetic textiles.2 
It has been suggested that wastewater treatment plants (WWTPs) are a significant source of 
microplastics into aquatic and terrestrial environments. This first study (MSc) has increased the 
understanding of whether WWTPs are a significant source of microplastics to the environment in the 
Canterbury region, with concentrations detected up to 2.4 particles/L and 2.1 particles/L respectively 
in influent and effluent. 
Plastics are widely used primarily in agricultural / horticultural settings, like the use of plastic mulch 
sheeting to prevent weed growth and reduce the need for pesticide use. Compost produced from 
municipal green waste collections and biosolids from wastewater treatment plants applied as soil 
conditioners may contain traces of microplastics and are also considered a source of microplastics to 
the terrestrial environment.  
This second study (PhD) will investigate the behaviour, fate, and effects of microplastics in productive 
soil systems, with investigation of the interactions with common horticultural chemicals and 
contaminants and microbial communities. 
 
1 H. Leslie, Inst. Environ. Stud. 2014. 
2 M. Browne, P. Crump, S. Niven, E. Teuten, A. Tonkin, T. Galloway, R. Thompson, Environ. Sci. Technol. 

2011, 45, 21. 

 

 

 

 

mailto:helena.ruffell@pg.canterbury.ac.nz


 

24 

 



 

25 

 



 

26 

 



 

27 

 



 

28 

 



 

29 

 



 

30 

 



 

31 

 



 

32 

 



 

33 

 



 

34 

 



 

35 

 



 

36 

 

 

 

 

 

 

 

 



 

37 

 

NEW ZEALAND-WIDE VERMICOMPOSTING OF MUNICIPAL BIOSOLIDS AND ORGANIC WASTE 

Michael Quintern AB, and Charlotte Robertson B  

A Noke Ltd., PO Box 347, Seventh Avenue, Tauranga 3140, New Zealand 

B Corresponding author email: michael@mynoke.co.nz  

 

ABSTRACT  
 
Industrial scale vermicomposting of municipal biosolids has become commercially and economically 
viable in New Zealand and has grown steadily since 2008. Approximately 35,000 t of municipal 
biosolids were vermicomposted in 2020 from Hamilton, Taupo, Rotorua, Te Puke, Tokoroa, Turangi, 
Maketu, and other cities. New vermicomposting sites will be established in 2021 to double 
vermicomposting capacity by the end of 2021.  
Currently municipal biosolids are vermicomposted by blending with pulpmill solids. Services are 
therefore concentrated in the Central North Island. To roll out this service New Zealand-wide the 
vermicomposting technology requires adaptation to various climates such as winters in the alpine 
regions and drought conditions. A substitute for pulpmill solids as a carbon source has been found and 
successfully trialled achieving Aa-grade ‘standard’ vermicast. 
Several years of trials confirm that paper waste, cardboard, food waste, and other fibrous organic 
wastes can be used as carbon sources for vermicomposting when combined with municipal biosolids 
and other industrial sludges. 
Vermicomposting must be integrated with land management to mitigate environmental risks and 
reducing costs for infrastructure and for operation. The technology is fully scalable and can be 
operated regionally. This optimises beneficial utilisation of desludging oxidation ponds in rural areas 
New Zealand-wide. 
 

Keywords: biosolids, organic waste, vermicomposting, food waste, paper waste, decentralised 

operation 
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REDUCING N LEACHING FROM EFFLUENT DISPOSAL LAND BY APPLYING VERMICAST FROM 

BIOSOLIDS 

Charlotte Robertson AB and Michael Quintern A  

A Noke Ltd., PO Box 347, Seventh Avenue, Tauranga 3140, New Zealand 

B Corresponding author email: charlotte@mynoke.co.nz  

 

ABSTRACT  
 
Biosolids do not belong in the landfill! 
 
Since 2009, Noke Ltd. has been taking biosolids from Waikato and Bay of Plenty councils, combining 
them with hemicellulose fibre and feeding the mixture to compost worms at industry scale. The end 
product is soil-like vermicast that meets Grade Aa (NZWWA 2003) for safe application to productive 
land.  
 
Vermicast is a stable humus, renowned as a soil conditioner. Application of vermicast improves soil 
functions such as water and nutrient holding capacities, increases microbiological diversity and 
abundance, and directly benefits plants by stimulating root development and supporting immunity. 
International studies demonstrate that vermicast increases yield, nutrient uptake and can reduce 
nutrient losses from soils. In addition, by promoting root growth, vermicast increases carbon 
sequestration in topsoils. 
 
A case study is proposed for the Taupo WWTP effluent irrigation site. Harvested pasture is exported 
to remove N and P from the site. In the case study, vermicast will be applied annually to irrigated land 
at 0, 10 and 20 t FM/ha. Soils, pasture production, nutrient uptake and export will be monitored to 
determine the effects of vermicast on N and P uptake to mitigate losses of these major nutrients from 
wastewater effluent to groundwater. 
 

Keywords: biosolids, vermicast, nutrient uptake, nitrogen leaching, irrigation, effluent block 
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LAND TREATMENT – HEADING TO THE END OF THE ROAD?  

Simone Stoove AB and Azam Khan A  

A Pattle Delamore Partners Limited, 235 Broadway, Newmarket, Auckland 

B Corresponding author email: simone.stoove@pdp.co.nz  

 

ABSTRACT  
 
In the 30 years since the formation of the Land Treatment Collective in New Zealand, expectations, 
technical research and operational practices in the implementation of land treatment systems in New 
Zealand have evolved.  There is a realisation of growing considerable environmental pressure as 
society’s focus changes, and increased expectations on the regulators to manage effects on receiving 
environment, especially freshwater.   
 
A recent example being the National Policy Statement for Freshwater Management and canvassing of 
the motivations to bring in wastewater discharge standards signals the tightening controls to put in 
place allow for healthy freshwater.  Both pose a possible challenge to suitability of land treatment if 
nutrient limits cannot be met when other competing land use practices are undertaken in parallel. 
 
By undertaking a comprehensive review of the past LTC conference outcomes, a number of themes 
have emerged that provides a framework for future examination of the key issues in order to meet 
the tightening regulations.  The themes generally align to assessment of directly land applied 
contaminant and its effects, broader environmental issues, social/cultural acceptance against direct 
improvement of land productivity.  
 
Generally, the review found the following changes over time:  

▪ 1990s’ the focus tended to be on feasibility and technical issues.   
▪ 2000’s, while technical issues persist, the focus shifts to responding to societal pressures, 

nitrogen leaching, regulatory processes, frameworks and public acceptance.  
▪ 2010’s, there was a further movement towards the social and cultural focus. 

 
Despite evolving social pressure, the technical issues for land treatment still persist as there is an 
evolving focus on treating wastewater before they re-enter the environment, and in recent years an 
emerging view of integrated management between wastewater and natural processes that impacts 
directly on groundwater and surface water.  
 
This paper sets the historical development of knowledge base and probes into the emerging 
challenges that land treatment may face over the next decade. 
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NITROGEN LEACHING CONSTRAINTS FOR LAND TREATMENT SYSTEMS 

Alana Bowmar AB, Simon Greening A, and Azam Khan A 

A Pattle Delamore Partners Limited, PO Box 9528, Newmarket, Auckland 1149 

B Corresponding author email: Alana.Bowmar@pdp.co.nz  

 

ABSTRACT  
 
Degradation of water quality in many catchments is now largely attributed to diffuse agricultural 
sources.  This drives regulators to consider nitrogen leaching from land systems, as a key diffuse 
source of nitrogen into surface waters.  Agricultural practices: especially as they increase in intensity 
contribute to increased nitrogen leaching.   
 
The mechanisms for limiting nitrogen leaching from agricultural land have been implemented in 
some catchments in New Zealand, through relevant regional planning.  However, in many 
catchments these regulatory controls are not yet in place or not enforced.   
 
This can present an interesting challenge for land treatment operators.  Nitrogen leaching limits are 
enforced on land treatment systems through consent conditions; however, permitted nitrogen 
leaching from the underlying agricultural activities are not established.  Consequently, management 
of land treatment systems to meet nitrogen leaching limits is challenging, when the underlying 
farming activities vary year to year without an effective limit.   
 
This paper examines a case study where nitrogen leaching was the key control on the land treatment 
system.  Issues faced by the operators will be presented, including considering if consent conditions 
limiting nitrogen leaching for land treatment on third-party farms make the consent inoperable.   
 
Methods to separate the land treatment from the underlying farming activities will be outlined.  
These methods can improve land treatment outcomes for regulators, consent holders and 
operators; by providing certainty in the environmental outcomes, and operational requirements to 
achieve compliance for land treatment systems.   
 

Keywords: land treatment; nitrogen leaching; consent condition 
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WASTEWATER BEST PRACTICABLE OPTION. LIFE FOR THE PNCC WWTP BEYOND 2022 

Melaina Voss ABC 

A Palmerston North City Council, The Square, Palmerston North, NZ 

B Stantec, 118 Fitzherbert Ave, Palmerston North, NZ 

C Corresponding author email: melaina.voss@pncc.govt.nz  

 

ABSTRACT  
 
Historically, our rivers have been the preferred environment for local authorities to discharge 
treated wastewater to.  Palmerston North Council currently discharges the city’s wastewater entirely 
into the Manawatu River and always has.  However, the message seems clear from regulatory 
authorities, stakeholders and the community, ‘business as usual’ will no longer work.  The life-
supporting capacity of our rivers must not be adversely affected and instead improvements must be 
made.  Over the past 5 years, 3 local authorities within the Horizons Region, have moved their 
wastewater out of our rivers and onto land.   
 
Today we are working in changing legislation that seeks actions by authorities to protect and 
enhance our waterways.  But what are the alternatives?  A city the size of Palmerston North would 
require it’s urban footprint in land area to discharge its wastewater 97% of the time.  Equally, we are 
required to protect the regions high quality soils.  
 
By June 2022, Palmerston North City Council’s journey to deliver the Best Practicable Option for the 
city’s wastewater, must land.  Significant investment in the cities wastewater treatment has been 
identified, but at what cost?  This presentation will explore the options and challenges from 
environmental, policy and stakeholder perspectives. 
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FOXTON WASTEWATER LAND TREATMENT CONSENTING AND CONSTRUCTION CHALLENGES AND 

LESSONS  

Phil Lake AB and Hamish Lowe A  

A Lowe Environmental Impact, PO Box 4667, Palmerston North 4442 

B Corresponding author email: hamish@lei.co.nz  

 

ABSTRACT  
 
Foxton is a small Horowhenua town near the Manawatu River mouth.  Its wastewater has been 
treated since 1976 in oxidation ponds that discharge into the adjacent Foxton Loop (a tributary of 
the Manawatu River which was the river channel prior to diversion works in 1942).   
 
In November 2015 Horowhenua District Council (HDC) sought resource consents for constructing a 
land treatment system across 54 ha of nearby beef farmland.  The consenting processes involved 
intensive scrutiny of the proposal and complex balancing of conflicting Regional and District Plan 
Policies and Rules.  HDC needed to work with three iwi, each with different views and temporal 
connections to the land.  The project also relied on supporting the farmer’s interests and ensuring 
their continued co-operation with HDC. 
 
Consents were granted in February 2019 with a 3-year construction deadline for ceasing the 
discharge to Foxton Loop.  The 12 months since then have seen detailed designs generated, a 
construction programme developed, construction team appointed, and physical works commence.   
 
Implementation has been challenging, especially with parties who were not involved in the 
consenting process and who introduce alternative design views.   This required an iterative process 
to develop practicable solutions within the granted consenting framework. 
 
This paper summarises the challenges and lessons from this complex project. 
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DEVELOPING A RESOURCE – BIOSOLIDS ANYONE? 

Hamish Lowe AC, Jennifer Prosser A, Katie Beecroft A, and Maria Gutierrez-Gines B  

A Lowe Environmental Impact, Palmerston North, New Zealand 

B Environmental Science and Research, Wellington, New Zealand 

C Corresponding author email: hamish@lei.co.nz  

 

ABSTRACT  
 
More than 320,000 tonnes of wastewater treatment plant solids are produced every year in New 
Zealand.  Most of this sludge ends up in landfills, which is not considered a long-term management 
option due to increased levies, space requirements and transportation distances. In addition, 
Government policy and community expectations now focus on the development of sustainable use 
options. 
The MfE Waste Minimisation funded project “Collective Biosolids Strategy – Lower North Island” is 
taking a collaborative approach to the issue of sludge management. A collective of nine New Zealand 
territorial authorities are working in partnership to develop a regional biosolids strategy with a focus 
on beneficial end-use. The project focus is on smaller councils that may otherwise be unable to fund 
such investigations and/or solutions individually. 
The feasibility of a selection of potential use option has been tested through on ground application 
(research trials) and desktop feasibility/cost analysis. Three research trials were undertaken: 

• A large-scale biosolids composting trial; 

• In laboratory testing of the feasibility for using biosolids in seedling growth media; and 

• A grazing crop field trial using oats, Italian ryegrass and pasture. 

The project also focused on exploring iwi and community views with regards to biosolids use.  
This project has provided typically smaller communities a forum for discussion and identification of 
opportunities to work together on sludge management, and providing them the potential to 
collectively achieve outcomes that may not have been feasible individually.  This paper presents a 
summary of the three-year project. 
 

Keywords: Biosolids, cultural impact assessment, sustainable use, collective management 
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RANGITĀNE O MANAWATŪ- COMBATING WATER QUALITY ISSUES IN THE RANGITANE ROHE 

Paul Horton AB 

A Te Ao Turoa Environmental Centre 

B Corresponding author email: paul@rangitaane.iwi.nz  
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