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WHAT HAVE WE LEARNT ABOUT THE FUNCTIONING OF WOODCHIP BIOREACTORS? 

G. Barkle AE, A. Rivas B, B. Maxwell C, B Moorhead B, R Stenger B, L. Schipper D,and J. Clague B 

A Land and Water Research, Hamilton 

B Lincoln Agritech, Hamilton 

C North Carolina State University, Raleigh, NC USA. 

D University of Waikato, Hamilton 

 E Corresponding author email: g.barkle@lawr.co.nz  

 

ABSTRACT  
 
Woodchip bioreactors have been proven to be effective in treating contaminant loads in a variety of 
applications. We have monitored over two seasons the mass fluxes of N and P in and out of a pilot-
scale bioreactor, using a flow-based sampling scheme at the entry and exit points of the system. In 
addition, nitrate and carbon concentrations inside the bioreactor have been determined at a high 
frequency and at multiple locations, using an optical sensor connected to multiple wells installed 
through the bioreactor. This intensive sampling has allowed the treatment rates to be calculated for 
various flow rates and concentrations. 
 
The understanding of how these low-cost treatment options function has been substantially 
improved through this better monitoring approach. This new knowledge has allowed us to 
determine the critical design parameters that should be used for these treatment options.  
Additionally, we can ascertain where modifications to enhance the performance of these systems via 
carbon dosing and/or woodchip surface modifications can be usefully employed. 
 
Monitoring and performance of the trial bioreactor, design parameters and opportunities to 
enhance performance will be discussed in this presentation. 
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PHOSPHATE ADSORPTION ON ACTIVATED BIO-MEDIA 

M. Gimhani N. PereraA,B, Adam HartlandA,C, Dorisel Torres-RojasA, Greg OlsenB Rupert CraggsB, 

Louis SchipperA 

 

AEnvironmental Research Institute, School of Science, Faculty of Science and Engineering, University 

of Waikato, Hamilton, New Zealand. 

BNational Institute of Water and Atmospheric Research Ltd (NIWA), PO Box 11115, Hamilton 3251, 

New Zealand. 

C Corresponding author email: adam.hartland@waikato.ac.nz  

 
ABSTRACT 
Woodchip denitrifying bioreactors are an edge-of-field treatment technology to mitigate nitrate 
loadings from agricultural subsurface drainage. There is some evidence for low-level phosphorus 
removal by woodchip bioreactors, but no previous studies have investigated these processes to 
enhance P-removal in these systems. The objective of this study was to investigate the feasibility of 
incorporating iron-based materials in woodchip bioreactors to sequester phosphorus and reduce 
pollution in receiving waterways. We report a series of synthesis experiments of iron hydr(oxide) 
woodchip composites based on pine and manuka chips with particle sizes between 2 and 4 mm. 
Equilibrium studies were conducted to evaluate the adsorption capacity of activated woodchip 
composites and the data were fitted using Langmuir and Freundlich isotherms. P adsorption followed 
the Freundlich equation suggesting the formation of non-uniform multilayers of phosphate on the 
heterogeneous surface of iron hydr(oxide) coated wood chips. The maximum uptake of phosphate 
was 1 mg P g-1 at an equilibrium phosphate concentration of 55 mg P L-1 at pH 7 for the Fe-pine 
composites. Further research is aimed at creating a stable chemical environment within the anaerobic 
bioreactor environment to ensure the longevity of these composite materials.  
 
Keywords: Phosphorus, Adsorption, bioreactor, iron hydr(oxides) 
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METHANOL DOSING OF A PILOT-SCALE DENITRIFYING BIOREACTOR TO ENHANCE NITRATE 
REMOVAL FROM TILE DRAINAGE WATER 

 
Reza MoghaddamA, Dorisel Torres-RojasA, Greg BarkleB, Aldrin Rivasc, Adam HartlandA, Louis 
SchipperA 

 

A University of Waikato., Hillcrest, Hamilton 3216, New Zealand 
B Land and Water Research Ltd., PO Box 27046, Garnett Ave., Hamilton 3257, New Zealand 

 CLincoln Agritech Ltd., Private Bag 3062, Hamilton 3240, New Zealand 
 

D Corresponding author email: rs335@students.waikato.ac.nz  
 

ABSTRACT  
 
Denitrifying bioreactors are simple passive biofilters that can be used to reduce nitrate loads to 
receiving waters; however, their removal performance can be overwhelmed during high flow events. 
This work evaluated methanol dosing of a pilot-scale denitrifying bioreactor installed on a dairy farm 
to examine whether and to what extent, continuous methanol dosing could enhance nitrate removal 
rate while preventing excess methanol loss from the system. Without methanol dosing nitrate 
removal rates were 0.67–1.60 g N m−3 day−1 in 2019 drainage season. For the subsequent drainage 
season (2020), methanol dosing significantly enhanced volumetric nitrate removal rates to 
12.8 g N m−3 day−1 in highly flashy nitrate inputs. Methanol concentrations decreased along the 
bioreactor by order of magnitude with varying removal rates of 24.91 to 180.94 (g C m−3 d−1) and 
overall removal efficiency of >99% and well below concentrations of concern. The results suggest 
that methanol enrichment of the bioreactors can effectively stimulate denitrification rates but not 
be released to receiving waters even when nitrate concentrations were low.    
 
Keywords: Denitrifying bioreactors, Tile drainage, Carbon dosing, Removal rate, Eutrophication 
 

 

 

 

mailto:rs335@students.waikato.ac.nz


 

31 

 

 

 



 

32 

 

 

 



 

33 

 

 

 



 

34 

 

 

 



 

35 

 

 

 

 

 

 

 

 

 

 

  



 

36 

 

NITRATE ATTENTUATION BY THERMOCHEMICAL MODIFICATION OF WOOD SUBSTRATES 
 

Dorisel Torres-RojasA,B, Adam HartlandA, Louis SchipperA 
A University of Waikato, Hillcrest, Hamilton 3216, New Zealand 

 
B Corresponding author email: doriselt@waikato.ac.nz  

 
ABSTRACT  
 
Denitrifying woodchip bioreactors achieve significant reductions of nitrate (NO3

-) levels during 
moderate drainage flows. Bioreactors are less effective at pollution attenuation at peak flows and high 
nutrient events, lowering their overall performance. The objective of this work was to investigate the 
potential for attenuation of nitrate in drainage water by using chemically and thermally modified 
woodchips.  

 
Wood has a low affinity for anion retention due to net negative surface charge-- determined by 
functional group composition and ambient pH. Modifying the surface chemistry of woodchips to 
achieve a positive surface charge can increase nitrate retention by wood substrates, thereby providing 
a slow-release of NO3

- for later denitrification. All chemical and thermal modifications resulted in an 
increase in positive surface charge at acidic-to-neutral pH. The maximum nitrate adsorption capacity 
was 1.22 mg NO3

—N g-1 and 3.16 mg NO3
—N g-1 for chemical and thermal modification at optimum pH. 

Compared to unmodified woodchips, chemically and thermally modified wood retains and retards 
(with respect to flow) a large fraction of NO3

- which can be subsequently denitrified under moderate 
flow conditions, increasing the efficiency of bioreactors.     
 
Keywords: water pollution, reactive nitrogen, charcoal, amine, bioreactors 
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WOODCHIP DENITRIFICATION WALL TRIAL IN A GRAVEL AQUIFER: RESULTS YEAR 1 

Lee Burbery AB, Phil Abraham A, Richard Sutton A, Theo Sarris A, Louise Weaver A, and Murray CloseA  

A Institute of Environmental Science and Research Ltd. (ESR), Christchurch 

B Corresponding author email: lee.burbery@esr.cri.nz  

 

ABSTRACT  
 
Gravel aquifers represent the most prolific and important groundwater systems in New Zealand 
(NZ). They are particularly vulnerable to nitrate leaching from intensive land-use practices. 
Woodchip denitrifying bioreactors are an ’end-of-pipe’/‘edge-of-field’ nitrate-mitigation tool that we 
think could have useful applications in NZ where nitrate pollution is a concern. To test this assertion, 
we are conducting a woodchip denitrification wall pilot study. In November 2018, we entrenched a 
50/50 mixture of woodchip and gravel, 3 m below the water table, in a shallow gravel aquifer 
setting. Besides monitoring the efficacy of the woodchip wall at removing nitrate from the 
groundwater, we are also examining potential pollution-swapping phenomena, e.g., mobilisation of 
arsenic from aquifer sediments as a result of altered redox state and greenhouse gas emissions.  
 
Over its first year we estimate the 375 m3 wall passively filtered 152-230 m3 of groundwater and 
completely removed 340-588 kg NO3-N, converting it to di-nitrogen gas (N2). Whilst operation of the 
wall did initially release arsenic into the groundwater, effects were localised and short-lasting. So far, 
greenhouse gas emissions have been insignificant. Whether this remains the case and how long the 
woodchip wall can sustain effective nitrate removal remains the focus of on-going study.         
 

Keywords: nitrate; groundwater; gravel aquifer; woodchip denitrification wall   
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USING PLANT UPTAKE TO DETERMINE CUT & CARRY WASTWATER-NITROGEN LOADING RATE  

Selva Selvarajah AB 

A Enviroknowledge Ltd, Dunedin 

B Corresponding author email: selvarajah@enviroknowledge.co.nz  

 

ABSTRACT  
 
It is well known among the wastewater treatment professionals that the cut and carry systems are 
the best land treatment systems and arguably the best wastewater treatment systems to treat most 
wastewaters under conducive and well managed environments with little or no nitrate leaching and 
impacts on water quality. However, most such systems require discharge permits under the 
Resource Management Act (RMA) from the regional councils. One of the critical factors encountered 
in the consent application, consent process and compliance performance management is the 
determination of suitable wastewater-nitrogen loading and estimating potentially leachable nitrate. 
 
In the absence of specific wastewater loading models to determine wastewater-N loading, there has 
been an emerging practice among the RMA practitioners of using nutrient models such as Overseer 
for the purpose. At the last NZ Land Treatment Collective conference (2019) I presented a paper in 
discouraging the use of unvalidated nutrient models such as Overseer for consenting or compliance 
monitoring wastewater discharge to land and proposed the use of plant uptake of wastewater-N as 
an alternative approach. 
 
This technical paper assesses the feasibility of using plant uptake of nitrogen as a critical factor to 
determine wastewater-N loading rate for wastewater discharge consenting and compliance 
performance monitoring purposes. 
 

Keywords: wastewater, plant uptake, wastewater-nitrogen, cut & carry, nitrogen leaching, discharge 

permit 
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FLOOD AND RAINFALL MOBILISATION OF E. COLI AND FAECAL SOURCE TRACKING MARKERS FROM 

DECOMPOSTING COWPATS – THE IMPLICATIONS FOR WATER QUALITY MONITORING 

Megan Devane AC, Louise Weaver A, Pierre Dupont A, Beth Robson A, Susan Lin A, David Wood A, 

Jenny Webster-Brown B, and Brent Gilpin A 

A Institute of Environmental Science and Research Ltd., 27 Creyke Rd, Ilam, Christchurch 

B Waterways centre for Freshwater Management, University of Canterbury, Christchurch 

Corresponding author email: megan.devane@esr.cri.nz  

 

ABSTRACT 
 
The intensification of dairy farming on the agricultural landscape in NZ has raised concerns about 
pollution sources from dairy faecal runoff into waterways. An important step for mitigation of 
pollution is the identification of the sources of faecal contamination to enable optimal land 
treatment options. 
This study using amplicon-based metagenomic approaches describes the changes in the bacterial 
community in cowpats monitored over five months of decomposition under field conditions.  
Mobilised fractions from the cowpat, simulating flood conditions, showed major bacterial 
community shifts from the anaerobic bacteria that dominate the cow rumen and fresh cowpat, to 
environmental bacterial groups which dominate the latter stages of decomposition. Over the same 
time period and field conditions, the bacterial community composition of rainfall runoff from the 
cowpats was analysed and compared with the communities from the simulated flood conditions. 
The impacts of the bacterial shifts in the cowpats are discussed in terms of their effects on the faecal 
indicator Escherichia coli used for water quality monitoring and the markers used for faecal source 
tracking (FST). 
The results from these bacterial community analyses will be incorporated into emerging tools that 
use computational programmes to track sources of faecal contamination such as the Bayesian 
classifier, SourceTracker. 
 

Keywords: dairy, faecal bacterial persistence, faecal source tracking 
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CONFOUND IT E. COLI! IMPROVING UNDERSTANDING OF MICROBIAL WATER QUALITY AND 

PERFORMANCE MONITORING OUTCOMES FOR LAND TREATMENT OF WASTEWATERS USING 

NATURAL TREATMENT SYSTEMS. 

Rebecca Stott AF, James Sukias A, Adrian Cookson B, Megan Devane C, Patrick Biggs D, Johnathon, 

and Marshall D, Richard Muirhead E 

A National Institute of Water and Atmospheric Research (NIWA), Hamilton, NZ 

B Hopkirk Research Institute, Massey University, Palmerston North, NZ 

C Environmental Science and Research Limited, Christchurch, NZ 

D School of Fundamental Sciences, Massey University, Palmerston North, NZ 

E AgResearch, Invermay Agricultural Centre, Mosgiel, NZ 

F Corresponding author email: rebecca.stott@niwa.co.nz  

 

ABSTRACT 
 
Agricultural runoff and drainage waters can transfer high loads of faecal microbial contaminants to 
waterways affecting water quality and values. Constructed wetlands are a land-based mitigation 
option offering great potential to attenuate microbial losses from agricultural land use and reduce 
diffuse pollution impacts.   
However, event sampling from a surface flow constructed wetland intercepting and treating 
intermittent tile drainage from grazed pasture revealed interesting but unexplained new export of 
the faecal indicator bacteria Escherichia coli (E. coli) in treated wastewaters. 
Further investigation into the diversity of E. coli in water, sediment, soil and faecal material from the 
constructed wetland and adjacent pasture, found evidence of naturalised cryptic clades of 
Escherichia species phenotypically indistinguishable from faecally-derived E. coli but divergent at the 
genetic level.  E. coli is routinely used for water quality monitoring to assess the potential health 
risks from presumed faecal contamination.  However, conventional regulatory monitoring methods 
do not distinguish naturalised non-faecal sourced Escherichia from faecal E. coli. The presence of an 
environmental source of Escherichia has implications for confounding health-based water quality 
monitoring and challenges for assessing the performance efficacy of wetland systems for land 
treatment and water quality improvements.   
Further work is underway as part of a bigger project to identify genetic and phenotypic traits to 
resolve differentiation of naturalised Escherichia species and develop novel discriminatory tests for 
E. coli to improve water quality assessments. The discovery that some “E.coli-like” strains can persist 
in the wetland provides new impetus for investigating the maintenance and relative survival and 
removal of faecal and naturalised strains. This will help to determine the impact of environmental 
sources of Escherichia species on poor water quality and to investigate whether the 
environmentally-adapted bacteria are diluted with faecal-sourced E.coli as waterways pass through 
farmland. 
 

Keywords: constructed wetlands, E. coli, microbial water quality 
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GEOSPATIAL METHODS FOR THE EFFICIENT IDENTIFICATION OF POTENTIAL LAND TREATMENT 

SITES 

Luke Wilkinson AB  

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

B Corresponding author email: luke.wilkinson@pdp.co.nz  

 

ABSTRACT  
 
The use of geospatial software for the analysis and presentation of significant amounts of data is an 
increasingly common method to gain efficiencies on many projects, and the development of land 
treatment schemes is no exception. A process applying geospatial methods for the preliminary 
identification of land treatments sites has therefore been developed. 
 
This paper will discuss the methodology applied to identifying potentially viable sites for land 
treatment schemes with the use of geospatial analysis, and some case studies in which this has been 
successfully used to identify suitable locations for land treatment schemes. 
 
The methodology described allows for the analysis of several sets of data that govern the feasibility 
of a land treatment scheme such as soil properties, land coverage, and property ownership. The end 
result being a spatial Multi Criteria Analysis (MCA) of the desired region that can be customised by 
implementing and varying weightings applied to the criteria included in the analysis, based on the 
needs of the project and land treatment scheme. 
 
This methodology has provided significant efficiencies on multiple projects, particularly those that 
involve large land treatment schemes and large areas of potential land, including areas located far 
from the site or across multiple locations. 
 

Keywords: Geospatial, Multi Criteria Analysis, Efficiency, Preliminary, Location  
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ASSESSING THE EFFECTIVENESS OF A COMPOST TOILET SYSTEM AND COMPOST ACTIVATORS FOR 

PATHOGEN DIE-OFF RATES IN AN EMERGENCY CONTEXT 

Matt Brenin AC, Jacqui Horswell A, Carol Stewart A, David Johnston A, and Maria Gutierrez- Gines B  

A Massey University, Wellington 
B Institute of Environmental Science and Research Limited (ESR), Wellington 

 
C Corresponding author email: matt@greenearth.net.nz  

 

ABSTRACT  
 
The greater Wellington region is highly vulnerable to large earthquakes as it is crossed by active 
faults, both on- and offshore. A future earthquake on the Wellington Fault is expected to cause 
extensive damage to water supply and wastewater networks, which is likely to result in prolonged 
service outages to households. Widespread landslides may also affect road access and isolate 
households, implying that residents may have to manage human waste disposal onsite.  
 
A concept emergency composting toilet system has been trialled in Wellington through 2012 with 
positive user feedback but little is known on the public health risks of this system. The isolation of 
households may require many to dispose of waste to land onsite.  
 
This paper presents the research results from an experiment in which different composting 
activators and carbon cover materials were used in the toilet system and tested these systems for 
indicator Escherichia coli die off rates. The results indicate that untreated Pinus Radiata wood 
shavings enhanced the die off of E. coli to safe levels within 9 weeks compared with the other 
variables. 
 
Keywords: Emergency, Sanitation, Bio-waste, composting toilet, disaster, Human waste 
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The experimented emergency composting toilet which used pine shavings alone produced the 

greatest E. coli reduction (7 log10), and the treated faecal waste complied with the New Zealand 

standard for microbiological safety for composts, soil conditioners and mulches. These findings 

indicate that treated faecal waste could be managed onsite using the normal precautions for 

handling potting mix. Given that it is unlikely that this experiment followed a conventional 

composting process (with increasing temperatures up to 65 °C for certain periods of time, oxidation 

and stabilization of the organic matter), as shown by chemical analysis (TC, TN, C:N, NH4
+ and NO3

-), 

the reduction of pathogens could be a consequence of either the antimicrobial properties of pine 
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shavings and or an increase in toxic ammonia formation. This suggested that the final compost was 

not stable (or mature) and that there may be the potential risk of re-growth of pathogenic 

organisms. Further research is required to investigate the potential regrowth of E. coli or other 

pathogenic organisms after the compost is applied to the soil.   
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BIOSOLIDS LAND TREATMENT – CONSENTED BUT NOT IMPLEMENTED 

Jack Feltham AB  

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

B Corresponding author email: jack.feltham@pdp.co.nz  

 

ABSTRACT  
 
The land treatment of municipal biosolids in New Zealand faces a number of constraints, including a 
lack of suitable land areas, which can often be driven by opposition from neighbouring property 
owners due to the negative perception of biosolids, as well as the effects from nutrient leaching, 
pathogens, and heavy metals and other contaminants present in biosolids.  However, even where 
these constraints are overcome, and resource consent is granted, land treatment may still not be 
implemented. 
 
This paper will discuss a case study, where dewatered and stabilised biosolids from a small 
community wastewater treatment plant were to be incorporated into land operated as cut and 
carry.  Resource consent was sought and granted, but an alternative disposal method is now being 
pursued.   
 
This project highlighted the challenges around: 

• The assessment of effects from nutrients and heavy metals present in biosolids,  

• Consultation and the obstacles of the perception of biosolids. 

• The long term sustainable management of the activity.   

 
The drivers for the consent holder not giving effect to the consent will also be investigated, including 
the concerns of ongoing commitments for operation, potential for future emerging contaminants to 
create a legacy issue, and the availability of an alternative vermicompost facility for disposal.  
 

Keywords: Biosolids, Perception, Constraints, Alternatives.  
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NATIVE VEGETATION TO MANAGE NUTRIENTS IN WASTEWATER LAND APPLICATION SCHEMES 

Alexandra MeisterAD, Maria Jesus Gutierrez-GinesB, Nicholas DickinsonC, Sally GawA,  
and Brett RobinsonA 

 
A School of Physical and Chemical Sciences, University of Canterbury, Christchurch 

B Institute of Environmental Science and Research (ESR), Christchurch 
C Faculty of Agriculture and Life Sciences, Lincoln University, Lincoln 

 
D Corresponding author email: alexandra.meister@pg.canterbury.ac.nz 

 
 
Native vegetation could be an alternative for the land application of treated municipal wastewater 
(TMW), with potential to create zones of ecological value. However, not much is known about the 
fate of nutrients applied with TMW in native soil-plant systems. 
 
Long-term field trials were set up in Duvauchelle (Banks Peninsula) and Levin to study the effect of 
native plants on the mobility and speciation of nutrients applied with TMW. We aimed to determine 
if TMW irrigation onto native vegetation would result in accumulation, depletion or leaching of 
nutrients in the underlying soil. We monitored the survival and growth of native plants at the sites 
and analysed the composition of the plants. 
 
Results from Duvauchelle indicate that there was no significant soil degradation or nutrient 
imbalances following the application of TMW. Irrigation of TMW improved the growth of native 
plant species. However, individual species responded differently, and some species were not well 
adapted to the sites. Accelerated weed growth in both Duvauchelle and Levin was observed due to 
TMW irrigation and needed to be controlled. 
 
The field trials support the viability of native vegetation for the land treatment of TMW. They 
highlight the importance of species selection and weed management as critical success factors. 
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Hi, my name is Alexandra and I’m doing my PhD in Environmental Science at the University of 
Canterbury. My research focuses on the use of native vegetation for the land application of 
wastewater. Today I want to give you a bit of an update on what we were and are doing at our field 
sites in Duvauchelle and Levin. 

 

 
In today’s presentation, I would like to move away from common wastewater land application 
schemes such as cut and carry pasture or commercial pine forest and talk about native vegetation. 
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It might be possible to combine the land application of treated municipal wastewater with the 
restoration of native ecosystems throughout New Zealand. Wastewater could potentially even be 
used to accelerate the production of valuable native products, such as manuka honey. Now as such 
schemes are not very common yet, there are some open questions. 
First, we need to know how native plants respond to wastewater irrigation and elevated nutrient 
concentrations as many natives usually thrive on poor soils. 
Second, native plants are typically not harvested. This means that there is no removal of nutrients 
from the system through plant biomass. It is possible that nutrient losses would therefore be greater 
than from wastewater irrigated pasture or commercial forest. Of particular concern is the movement 
of nitrate and phosphorous from irrigated soils into waterbodies, where these elements can lead to 
eutrophication.  
We were able to set up a couple of field trials in two different environments to study native land 
treatment schemes. Our two main aims were to determine how wastewater irrigation affects the 
growth of native plant species AND if wastewater irrigation onto natives would lead to excess nitrate 
leaching, and accumulation or depletion of phosphorus, sodium and other elements in the soil. 
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The first field trial is located in Duvauchelle on Banks Peninsula. We can see the local wastewater 
treatment plant on the left side, right next to Akaroa harbour, where the wastewater is currently 
discharged. 
Some of the wastewater is now pumped over the hill to our field site over here.  
The trial consists of 27 vegetated blocks, including 12 irrigated and 12 non-irrigated control plots. 
There are 11 native species, divided into 3 different vegetations types. These were manuka and 
kanuka, a flax dominated mixture and a broadleaf dominated mixture. The soil at the site is a 
Pawson Silt Loam. 

 
The trees were planted in July 2015 and are receiving wastewater at a rate of 1000 mm per year 
through surface drip irrigation. Nearly 6 years later the trial looks like this, with plants now more 
than 4m high.  
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The amount of nitrogen and phosphorus applied in the trial is similar to what is typically applied to 
pasture in agriculture. The application of heavy metals is low. The amount of sodium applied is 950 
kg per ha per year. 

 
To study plant growth at the site, we measured the height of each individual tree. We found that 
across all species the average height of the vegetation receiving wastewater was significantly greater 
than the controls. But there were clear differences between individual species. Cabbage tree and 
lemonwood, for example, performed particularly well at the site and responded very well to 
wastewater irrigation. In contrast, manuka and five finger were not well adapted to the site. They 
showed signs of stress and disease in both the control and wastewater-irrigated plots. 
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To study the distribution and speciation of nutrients in the soil profile, we dug soil pits down to 60 
cm and took soil samples at 5 different depths. The phosphorous concentration was significantly 
increased in the topsoil. The strong adsorption of phosphorous in soil means that only a small part of 
the applied phosphorous is taken up by plants or leached. There were no signs of increased erosion 
that would result in phosphorous entering the nearby stream. It is expected that phosphorous losses 
will be lower from wastewater irrigated native vegetation than from grazed pasture as there is no 
mechanical disturbance of soil by animals. 

 
Nitrate was also increased in the topsoil, with smaller differences between the irrigated and control 
plots at greater depths. We estimated nitrate leaching based on the assumption that all nitrate at 
60cm is leached, as this is below all but the deepest roots. The results show that 28 kg of nitrate-
nitrogen per ha per yr was leaching from the irrigated plots, compared to 19 kg from the control 
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plots. Both these values are lower than nitrate leaching from a grazed pasture, which can exceed 40 
kg/ha/yr. 

 
Throughout the trial, there was no evidence of ponding or runoff. This indicates that the soil 
structure and infiltration were not impaired following the irrigation of high sodium wastewater.  
While sodium significantly increased in the topsoil, we have strong evidence that it is not continuing 
to accumulate in the system. Only 20% of the sodium applied in the 3 years until sampling was 
recovered in the soil. This indicates that the majority was leaching through the soil profile. 

 
The second field trial I want to talk about is called THE POT. It is located just outside of Levin and 
receives wastewater from the Levin wastewater treatment plant. It is right next to the ocean and, 
compared to Duvauchelle, the soil is mainly sand with only little organic matter. This site has been 
operating for over 30 years, applying the wastewater onto 40 ha of pine trees. Most of these have 
been harvested and native vegetation, dominated by manuka and kanuka, was planted on 10 ha and 
is receiving wastewater irrigation. The wastewater is stored at the pond here and the middle and 
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then irrigated onto land at a rate of 4 m a year through sprinkler irrigation. Today I would like to 
present 4 experiments that were performed at the site.  
 

 
The first experiment was a preliminary plant growth trial that we harvested in 2018. In this trial we 
analysed the performance of 8 species under irrigation compared to a non-irrigated control 
treatment. Similar to Duvauchelle these results were very encouraging, showing that half of the 
species produced significantly more biomass with irrigation and none of the species was adversely 
affected by wastewater irrigation. 

 
However, during the establishment of the native plants at The Pot we encountered some serious 
issues with weed growth. We had to learn the hard way that wastewater can massively increase the 
growth of weeds if these are not controlled very rigorously. This leads me to the second experiment. 
Following this challenge we set up a weed control trial last year where we compared the growth of 
manuka seedlings with different weed control treatments.  
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The trial consisted of three irrigated plots subdivided into four areas of different weed control 
treatments: 

a) No weed control (none) 
b) Weeds controlled with black weed mat (black) 
c) Weeds controlled with wool mats around the seedlings (mat) 
d) Weeds controlled by combiguards and wool mats (combi) 

The survival of each mānuka seedling was monitored and height and health were recorded. 

 
Results showed that the best survival and plant health was achieved when a combination of wool 
mats and combiguards was used. The height of the plants did not differ between treatments. 

 
The third experimental part is all about nutrient leaching. We set up some lysimeters at the site to 
monitor nitrate leaching under natives compared to pasture. We’ve installed 8 of these devices to sit 
30 cm below the surface and planted 4 each with kanuka and pasture.  
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The lysimeters were installed and planted in 2019. The planted kanuka established well and we are 
currently in the process of completing the leachate sampling that will be followed by nitrate analysis.  
 

 
For the fourth experimental part we aimed to quantify the movement of N, P and other elements in 
the soil and plant system based on plant type and rate of irrigation. We selected a total of 51 plants, 
17 manuka, kanuka and pasture. The selected plants receive a varying amount of irrigation. We took 
soil samples at two different depths under these plant as well as a foliage sample. We measured the 
trees and determined the biomass of the pasture in a defined area. The irrigation for the selected 
plant was recorded with a rain gauge. We are in the process of analysing the soil and plant samples 
for nitrogen, phosphorus and trace elements and will have results ready within the next two months.  
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In conclusion, our trials have so far shown that applying wastewater to NZ natives might be a viable 
option for wastewater land treatment. Results from Duvauchelle show that the soil structure was 
not impaired and nutrient losses were small compared to losses from agricultural land. Plants at 
both sites responded well to wastewater irrigation, but species selection is important to grow plants 
that are well adapted to the local environment. Equally important for the successful establishment 
of native vegetation is the control of weeds, as their growth can be accelerated by wastewater 
irrigation. It is likely that native land application systems can create zones of ecological value 
throughout New Zealand. 
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BIOSOLIDS AS A VALUABLE SOURCE OF PLANT NUTRIENTS WITH HIGH POTENTIAL AS SOIL 

CONDITIONER AND SOIL FERTILIZER  

MJ Gutierrez-Gines AC, Jennifer Prosser B, Seinalyn Villanueva A, and Hamish Lowe B 

A Institute of Environmental Science and Research (ESR), 27 Creyke Road, Christchurch 8041 

B Lowe Environmental Impact, P O Box 4467, Palmerston North 4442 

C Corresponding author email: maria.gines@esr.cri.nz  

 

ABSTRACT  
 
More than half of the biosolids produced in NZ is still sent to landfills or oceans. In this paper, we will 
present opportunities for beneficial use of sludges and solids.  
 
A field trial showed the potential of sludges and biosolids to be used as a soil ameliorant for winter 
crop production, which increased the growth and nutrient status of pasture and oats for longer 
periods compared with mineral fertilizers with negligent risk for human health or livestock.  
 
Although the potential content of pathogens and trace elements is one limiting factor for the 
beneficial reuse of biosolids into land, a composting trial with different mixtures of biosolids and 
greenwaste demonstrated the possibility of obtaining a high quality product graded Aa, which has a 
high potential to be reused without restriction.  
 
These experiments were carried out as part of a Waste Minimisation MfE funded project led by LEI in 
collaboration with ESR, Massey University, and ten lower North Island Councils, to develop a biosolids 
strategy that included the potential collective management of municipal wastewater treatment 
sludge, with a focus on beneficial use.   
 

Keywords: Biosolids, winter crops, composting, plant nutrients, trace elements. Escherichia coli 
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SUBSURFACE EFFLUENT IRRIGATION DOES NOT INCREASE SOIL HEAVY METAL LOAD AT OMAHA 

WWTP TREATMENT FIELDS 

Malcolm McLeod AB 

AB Manaaki Whenua – Landcare Research, Private Bag 3127 Hamilton 3240 
 

B Corresponding author email: mcleod@landcareresearch.co.nz 
 
ABSTRACT 
The Omaha wastewater treatment plant is located near Matakana approximately 70 km north of 
Auckland CBD. The plant treats wastewater from local townships and has been in operation since 
1982; undergoing expansions in 2000 and 2004, due to increased residential development. Treated 
effluent is applied by underground dripper to the Omaha golf course and nearby peatland. To fulfil 
their obligations for continued operation of the treatment site, Watercare requested Manaaki 
Whenua–Landcare Research to prepare a report detailing any soil or vegetation differences between 
effluent irrigated and non-irrigated areas of golf fairways, dunes and peatland. From 24 by 0–200 
mm deep soil samples we did not detect any significant differences in heavy metals except for 
cadmium in the peaty soils where the cadmium concentration was greater in the non-irrigated site 
than the irrigated site. There were significant differences in some exchangeable cations and Olsen P, 
with levels increasing under irrigation especially in sandy soils which likely have low CEC. Visual 
observation of soil physical properties in the sandy soils and near-saturated hydraulic conductivity in 
the peaty soils did not reveal any difference in soil physical properties. No adverse effects on 
vegetation were detected.  
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