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Land treatment offers industrial sites and municipal operators an alternative wastewater disposal option that
provides for additional wastewater treatment and reuse of a potential resource. Land treatment is also
generally more culturally acceptable in New Zealand than direct discharges to surface water.

PDP specialise in land treatment of wastewater and biosolids management and have assisted clients in both
the dairy and meat industry, as well as municipal clients, with consenting, design and implementation of land
treatment systems, We are able to advise on appropriate solutions and negotiate resource consents with
regional authorities, Our team of water infrastructure engineers have extensive experience in design of land
treatment systems and biosolids management.

www pdp.co ne

Daryl Irvine Eoghan O'Nelll Jack Feltham Azam Khan
i o4 ps2i ey} 84 2420 w0 B Eral ] »84 9 525 8ace
e avee@pop cong gy ore Mg cong jach Matten@al cony nrars sy iudp core




) NIWA

. Taihoro Nukurangi

CEs resgurce management guldance, researcn ano
o help Vou optimise yaur water use and minimise the
onmental impacts for yaur busin
0 science-based tools and services,

T FESOUICES

To learn more visit:
WWWw.niwa.co.nz/our-science/freshwater-and-estuaries




=/S/R

Scianice for C aniti

Kotewaiteorangameakatoa

Drinking-water
" quality and mﬂnloomom ¥ (’3

pwvlduomut&nlnd
commercial services
related to water quality,
the impacts of discharges

of the water they drink, play
inand use.

Water Is a taonga, and at the heart of ESR's work to enhance the

wellbeing of Kiwi communities through science, Our work Is essential,

from researching and testing drinking water to help ensure it's safe and

free from pathogens and other contaminants alongside researching

techniques to address groundwater nitrification. Our work is also novel,

like researching the benefits of manuka for land treatment, looking for

traces of COVID-18 and illicit drugs in wastewater. ESR is a water science

leader in Aotearoa and we are proud to assist our communities through

science especially during times of change. Talk to our team to find out

more about ESR's water solutions, Scesce for Communities
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Spedialists in Community Discharges,
Land Treatment and Nutrient Management

» Land treatment of municipal and industrial
wastewater and biosolids
Combined land and water discharge evaluations

* Decentralised wastewater design and
management

* Site investigations including soil surveys, soil
hydraulics & chemical categorisation

* Onsite wastewater

* Policy development
Assessment of effects of land treatment systems
and/or land use intensification
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MICROPLASTICS IN SOIL-PLANT SYSTEM: SOURCE, FATE AND ECOLOGICAL IMPACT

Jianming Xue ?8

ANew 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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Putting waste

to work

Microplastics in soil-plant
system: source, fate and
ecological impact

Jianming Xue
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Size range of plastic objects observed
in the marine environment and some
comparisons with living material.

These size distinctions could form the
basis of a more rigorous description.




Background

* More than 80% of plastics found in marine
environments has been produced, consumed and
disposed of on land.

* Microplastic (MPs) contamination on land is
estimated to be between 4 to 32 times higher
than in the oceans.

* In addition to inadequate end-of-life treatment of
plastic waste, plastics reaches our soils through
increasing use for agricultural purposes.

(From Susanna Gionfra, MAY 2018)
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Background

* Yearly inputs of microplastics in European and
North American farmlands are estimated to be
63,000-430,000 and 44,000-300,000 tonnes
respectively.

* A greater consideration of the issue of plastic
pollution in soil and its implications is needed in
research, policies and legislation.
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Sources of MPs in the soil

Plastic mulch films

Biosolids, composts and treated wastewater

Soil conditioners (e.g. polyurethane foam and
polystyrene flakes).

Greenhouse materials

General littering

Sources of MPs in the soil

* Use of plastic mulch - to increase crop yield.

Liu, EX,, HE, W.Q., Yan, CR., 20% ‘White
revolution” to ‘white pollution’— ;

»agricaltural plastic film mulch in-China:*
Environmental Research:Letters 9(9), 2014
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Sources of MPs in the soil

Retarding crop growing Affecting field operation
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in wastewater treatment plants
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Estimated microplastic pollution loads released

into the Soil via WWTPs

(Nizzetto et al., 2016; Ng et al. 2018).
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* During the treatment process, around 95% of Microplastics is retained in
biosolids (Ziajahromi et al. 2016).

* PE, PP, PVC, PA, co-polymers and zinc stearate-coated particles appeared in
sludge applied to land in Denmark (Lassen et al. 2015).

e\

Centre for Integrated Biowaste Research
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Compost — another sources of plastic pollution in
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agroecosystems

* Some compost collection programs accept plastic-coated
paper products.

* When composted, these products produce plastic fragments
that do not biodegrade.

* Plastic fragments can make their way from compost-treated
soils into the larger environment, and may be ingested by
living organisms.

* Plastics fragments accumulate persistent organic pollutants
and can transfer these chemicals to living organisms.

amm
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Sources and pathways

How microplastics are transported to the terrestrial ecosystems and the soil?
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“ Current research trends on plastic pollution and ecological impacts on
the soil ecosystem: A review (Chae & An 2018)
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Pathways to Aquatic Environments

More than 80% of plastics found in marine environments has been produced,
consumed and disposed of on land.

Manufacture of

Manufacture of microplastics
synthetic textiles

Manufacture of macroplastics

Societal use of plastics Wastewater
Domestic, industrial and agricultural treatment
l e.g. plastic mulch l
Sludge application
Disposal, release and degradation River
l transport ‘

. = Soil erosion and runoff
Soil erosion and runoff e

Accumulation in soils Deposition
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Ecological impacts of MPs in the soil

Ecosystem services?

\ Yield )
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Centre for Integrated Biowaste Research Ste!nmetz etal. .2016 Plastic mulching 'n_
‘ agriculture. Trading short-term agronomic
benefits for long-term soil degradation. STE

Ecological Impact of MPS on Terrestrial Ecosystems

Ng et al 2018. An overview of microplastic and nanoplastic pollution in agroecosystems.
Science of the Total Environment 627, 1377-1388
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Ecological impact of MPs in the soil

* Microplastics (MPs) potentially affected
» bulk density
» water holding capacity

» Soil biota — e.g. microbial functions

* The gradual accumulation of MPs in the soil can
lead to an adverse impact on soil biota such as

earthworms, termites, collembola, nematodes and
small rodents

(De Souza Machado et al. 2018)

'Centre for Integrated Biowaste Research ’) SCIOn
(\- =
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Impact of MPs on soil biota

Current research trends on plastic pollution and ecological impacts on the soil ecosystem: A
review (Chae & An 2018 Environmental Pollution)

A
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Effect of MPs on earthworm

What effect of MPs on soil invertebrates (soil ecosystem
indicators) i.e. earthworms?

* Mortality, growth, ingestion, reproduction rate
* Behaviour (avoiding behaviour?)

* Bio-acumulation of MPs in casts)

Field evidence for transfer of plastic debris along a terrestrial food
chain (Prof Geissen et al., Dr Lwanga et al., Netherland)

P S

B ¢ - T

Effect on soil properties —Water holding capacity

* Soil water holding capacity: how much water the soil can
retain—important to agriculture

* Experimented on the presence of polyethylene (PE) powder and
pellets on soil water holding capacity

* Found that soil and plastic mix had water holding capacity
reduced by 15% (plastic pellets) and 85% (plastic powder)

135S

(Lwanga et al. 2016, Ramadass et al. 2016; Rillig et al. 2017; Prata 208). i

B, — = "
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Effect on soil properties — bulk density

Microplastics altered fundamental properties of the soil
biophysical environment with consequences for functional changes
in soils (Machado et al., 2018).
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collembola(4)
TS i B Ng et al 2018. An overview of microplastic and
o nanoplastic pollution in agroecosystems.
transport down Science of the Total Environment 627.
from surface
by eathworm (3, 8)
& collembota  (4)
q
‘ e '
uptake of o
nanopolystyrene (1) 6
3 Foces with plast
©® fragmented by
earthwom ;
ST el -
cell wall

o
Endocytosls (1)  Plasmodesmata
transport (7)

MPs uptake and interaction
with soil biota and plants \

Endocytosis via clathrin-coated pits

Potential Endocytotic Pathways for (receptor mediated) or uncoated pits
Nanoparticle Entry into Cells (fluid phase) transfers materials
Caveolae-mediated to the lysosomal degradative

Endocytosis E
Clativin- compartment, while caveolar

endocytosis can result in translocation
to the endoplasmic reticulum (ER),
Golgi or through the cell by trancytosis

(Shin and Abraham 2001; van der Goot
and Gruenberg 2002)
modified by Moore 2006.
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Uptake and distribution of MPs in plant

Uptake and accumulation of microplastics in an edible plant
(Li et al. 2019, Chin Sci Bull, 64: 928-934)

KNOWLEDGE GAP

* Almost no terrestrial studies have been done to mirror marine
findings

* |Insufficient understanding of the dynamics and fate of

microplastics (MPs) in soils, and the consequences on plants and
soil biota.

* So far, studies on the ecological impact of MPs in soils are
mostly at organismal level. What impact at higher biological
organization levels (e.g. population)?

* Nonlinear or non-sigmoidal dose-response relationships are
common, such as the U-shape or inverted U-shaped responses.
Any hormetic effect of MPs on plant and soil biota?

A | |
Centre for Integrated Biowaste Research .
(N & SCion
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Hormesis of MPs?

U-shape or inverted U-shaped responses.

E ¢ T
vy oal,
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H o~
Beneficial dose >
= .
o= .
Q ~——
5 Hormetic model
o

No observable No observable
effect 1 effect 2
| |

[

Increasing concentrations of MPs

Interactions of MPs with adsorbed chemicals

Interaction of microplastics with
wastewater relevant environmental hazards
and degradation effects (Raju et al. 2018)

21



FUTURE RESEARCH

» Effects on other organisms such as plants, invertebrates,
insects, and microorganisms need to be urgently considered.

* Recent studies have focused on PE fragments and spheres. To
simulate practical and realistic situations, various sizes, shapes,
compositions, and origins of plastics are needed.

» We need to consider various scenarios that can occur in real
environments, such as trophic transfer and generational effect.

(plasticizers, retardant, antioxidants, and photostabilizers) and
adsorbed chemicals (ee.g. antibiotics) in the soil environment.

'.;tre for Integrated Biowaste Research -
(N © Scion
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DO MICROPLASTICS AFFECT PRODUCTIVE SOIL SYSTEMS?

Helena Ruffell A%, Sally Gaw *, Brett Robinson #, Olga Pantos &, and Grant Northcott ¢
AUniversity of Canterbury, Christchurch
8 Institute of Environmental Science and Research, Christchurch

CNorthcott Research Consultants, Ltd

P 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.! Microplastics also include synthetic fibres released to the environment through the
washing and general wear of synthetic textiles.?

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.
2M. Browne, P. Crump, S. Niven, E. Teuten, A. Tonkin, T. Galloway, R. Thompson, Environ. Sci. Technol.
2011, 45, 21.
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Microplastics in wastewater,

biowaste and productive soil
systems
" Helena
Supervised by

Professor Sally Gaw, Professor Brett Robinson
(University of Canterbury)
Dr Olga Pantos
(The Institute of Environmental Science and Research, Christchurch)
Dr Grant Northcott
(Northcott Research Consultants Ltd)

* Smaller than 5 mm

* Primary — purposefully
produced

» Secondary — degradation of
larger pieces
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Christchurch, Lyttelton,
Governors Bay

* First study: Influent and
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Sampling of WWTPs
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Concentration of microplastics (particles/L)
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Concentration of microplastic particles in June effluent
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How efficient are WWTPs at removing microplastics?
* Christchurch: 72%
» Kaiapoi: 47%

* Lyttelton: 67%

* Governors Bay: ???

31



* Christchurch WWTP: 230 million particles
* Kaiapoi WWTP: 8.6 million particles

s Lyttelton WWTP: 1.5 million particles

*Governors Bay WWTP: 344,000 particles

. Porosiy * Dissolved organic carbon, total
- Water holding capacity J organic carbon, total dissolved

i nitrogen, inorganic phosphorus
» Bulk density . o
) e * Hydraulic conductivity
* Soil stabilisation : -
. . * Organic matter decomposition
*» Soil aggregation — water stable

aggregates, incorporation into
aggregates

* Evapotranspiration negatively affected these parameters in
the majority of studies

32
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bRk Chemosphere ! 7%y Ecotoxicology and Environmental Safety e |
_!;_."&'L furme 206, July 2039, Pages 174781 - LNk Vefume 142,30 October 2014, 109418 . 1

Cigarette butts have adverse effects on
initial growth of perennial ryegrass
(gramineae: Lolium perenne L.) and white
clover (leguminosae: Trifolium repens L.)

Microplastics accumulate on pores in seed
capsule and delay germination and root
growth of the terrestrial vascular plant
Lepidium sativum

oo ,'\‘ Science of The Total RISEARCH ARTICLE @) Opendccen @ @
L 5 3 . t283 o
£.80 E.nvrll.ron mf?t o l ’\ ) A microplastic used as infill material in artificial sport turfs
33 Auguit 2043, 1912 reduces plant growth

Mk van Keunen @, Anna Brumer, Liss Guebeod, Zhjle 2hang

11 October 2013 | Metpss/idolong/10.1002/ppp3. 10071

Polyethylene microplastics increase
cadmium uptake in lettuce (Lactuca sativa L.)
by altering the soil microenvironment

* Microbial communities: change in community structure, abundance

* Soil organisms: earthworms higher mortality and lower growth rates,
snails damage to gastrointestinal tract, increased oxidative stress,

reduced feeding, excretion, reproduction.

* Human health: relatively unsure but could cause oxidative stress (cell
and tissue damage), chronic inflammation, and neoplasia
(uncontrolled growth of cells — lead to tumours).
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produced in Europe
applied to farmland

10% worlds food supply
irrigated with untreated
wastewater

34



Project aims:

* How much plastic is present in each medium?

* How does microplastic behave in soil?

* What are the impacts of plastic in soil?

35
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NEW ZEALAND-WIDE VERMICOMPOSTING OF MUNICIPAL BIOSOLIDS AND ORGANIC WASTE

Michael Quintern 8, and Charlotte Robertson ©

ANoke 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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New Zealand-wide Vermicomposting of
Biosolids and Organic Waste

Michael Quintern and Charlotte Robertson, Noke Ltd.
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THE VALUE OF BIOSOUDS IN NEW ZEALAND ~ AN INDUSTRY ASSESSMENT
Rob Tinholt (Watercare Services Ltd) 2019
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Google Earth

" Google Earth
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Cleopatra,
Earthworm Lover

This Is Charles Darwin,
Why are Earthworms slimy? He played Backgammon with his
wife every evening between 8 and
$:30 pm. He was interested in
Anatomy of an Garchworm, fan & evolution. And In carthworms.

Our employees under ground

Staff retention

To our Earthworm Empleyees:
5 heiptul tips foe the

Did you know that
worms have 5 hearts?

Aty of wn Karttrasrm, Pt 3 ™

End-of the-Yesr
Earthworm-party!

Anateny of an I

Lo
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Organic Waste Collection
& Earthworm Products
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REDUCING N LEACHING FROM EFFLUENT DISPOSAL LAND BY APPLYING VERMICAST FROM
BIOSOLIDS

Charlotte Robertson #8 and Michael Quintern #

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

8 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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il & LW R

Contaminated

Sludge

Nutrient-rich

Always being produced
Are vermicompostable

"’

Nitrogen Phosphorus
i fa°
14,007 30.974
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Vermicast

= worm
POO

Fate of NZ municipal biosolids

Storage
Quarry rehab

Other
Landfill Land app
Forestry
Ag
LF cover
32% 68%
wasted recovered

Tinholt (2019)

55



Fate of NZ municipal biosolids

Quarry
rehab

<.

Forestry
Landfill
77% 23%
wasted recovered

Food production

Half is
vermicomposted!

Tinholt {2019)
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Vermicomposting biosolids

* Destroys pathogens

* Reduces heavy metal concentrations
* Immobilises nutrients

» Stabilises carbon

* Reduces original volume by 80%

* Eliminates odours

* Produces vermicast

Benefits of vermicast

* Soil health and function
* Organic matter
* Beneficial soil microbes
* Earthworms
* Water storage
* Nutrient management

* Plant health and production

* Yield increase: 26% (zlouin et al. 2019)
Root development: 27% (Blouin et al. 2019)
Drought resilience
Nutrient uptake
Pest and disease resistance
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Carbon and nitrogen

People represent carbon (C), tennis balls represent nitrogen (N)

Vermicast and nitrogen

* VVermicast is a soil conditioner 80

not a fertiliser Immobilisation

60
Sample TN C:N =
TDC biosolids 6.0% 7.2 “ 10 Mineralisation
MyNoke Vermicast 1.2% 14.6

20

1% 2% 3% 4% 5% 6%
TN

Vermicast is stable.

Vigil & Kissel (1591)
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Trial proposal

* 0, 10 and 20 t/ha FM vermicast

* Monitor:
* Pasture yield
* Pasture N and P uptake
* Soils (especially N, P, C)
* Rooting depth
* Leachate volume and concentration

Topsoil only Topsoil + MiyNoke vermicast

Can we reduce nutrient losses using vermicast
from municipal biosolids?

& COMX VN

'.P T :
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LAND TREATMENT — HEADING TO THE END OF THE ROAD?

Simone Stoove *® and Azam Khan

APattle 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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Land Treatment — Heading to

the End of the Road?

SIMONE STQQVE, AZAM KHAN

SASAS

solutions for your environment

New Zealand Government

Land treatment systems satisfy recognized
cultural values and provide reuse of nutrients

Drive toward land disposal consents

Nutrient leaching identified as ongoing issue
within the LTC

NPSFM 2020 placing increased stress on land
treatment activities to limit nitrogen leaching

P,
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Is this the end?

A N en-heaW
dlSCh 9 s' P

= ra
Fould to ‘ghost farm 000

water on D & I
Warning over high nitrate levels in rural

R S < Hawke's Bay water

nitrates in drink,'news call for StUdy on

9 water B T AT A S o s

i om
Gastro outbreak: Ml'l;?; water
Is NZ's drinking water dangerous? Major farm hnked to pre\n

international study links nitrates with bowel . :
cancer o COntamlnanon

00000

000C0@

Regional Pressures on Nitrogen Management

High Risk = Nitrate levels exceed drinking water maximum allowable values
Moderate Risk — Levels below drinking water levels

-~ Levels that can have an impact on aquatic life

* Ammonia « Nitrite * Nitrate

po
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Groundwater Nitrogen Effects — Global Scene

Figure 2 Global map with the presence of zones with high

Leaching Contributions

Leaching
Contributions

Can we
guarantee
land
treatment is
not
contributing?

Source: Waikato Regional Council, 2016

nitrate in groundwater (source

Groundwater
Monitoring
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The challenge

“...cumulative leached amounts of nutrients were significantly decreased by optimal irrigation
compared to conventional irrigation under the same fertilisation conditions”

- (Yang et al., 2018)

w

Monthly Irrigation (mm)

M

Drainage to Groundwater

Mar Apr May Jun Aug Sep Oct
Crop Water Requirements —Irrigation {mm)

The challenge

« Wastewater managers have generally recognised leaching
vulnerability in land treatment

= Nutrient application timing
= Deficit irrigation

« Year-round application does not allow for these
management strategies

« Land treatment in vulnerable periods contributes nutrients
to groundwater and surface water

pd
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Pasture Response to Nitrogen

Yield incroms o N g (MM
» .4 -
¥ &8 &

CROF YIELD (Aha)
NITROGEN UTILISED (hptha|

» Optimise water requirements and nitrogen
concentrations and crop yield.

AVAILABLE WATER (mm)

Figure B-8.1 Crop Yield and gen Uptare far O it Lovels of

Where is our future going?

« Is non-deficit irrigation contributing to high
groundwater nitrate levels?

« What will be the effects on the environment and
human health?

» What is the next step forward in terms of land
treatment sustainability?
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Wastewater Treatment is the Answer

NEW ZEALAND

Fonterra looks at better
wastewater treatment to
cut nitrate levels

06 an 0 Feliunt 2521 s Q) @) @ @ @

Wastewater Treatment is the Answer

00 kg-N/ha/yr

‘,"Q,k"‘_N/!"'/,Y! L |

Biologicaj Treatment

N-leaching (kg N,"he,"‘\.,--rl

200 7.
Hydraulic Load (mm/yr)
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Are we heading to the end of the road? Or just a
U-turn?

Is the current approach to
land treatment contributing to
the groundwater deterioration

around the country?

Do we need to change the Clearer regulatory framework
approach to land treatment? for nitrogen leaching

P,
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NITROGEN LEACHING CONSTRAINTS FOR LAND TREATMENT SYSTEMS

Alana Bowmar “8, Simon Greening #, and Azam Khan *

APattle 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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Nitrogen Leaching Constraints
for Land Treatment Systems

PRESENTED BY ALANA BOWMAR

See

Overview

» Background
- Land treatment positives and negatives

- Issues with nitrate pollution
« Current management practice
« Consent conditions
« Case study
« Proposed solution

« Conclusion
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Background — Land Treatment

» More sustainable alternative to:
= Water take (ground/surface) for irrigation

- Synthetic nitrogen fertilisers {sourced from non-renewable
natural gas)

- Mined non-renewable phosphorus

« Attenuate a wide range of contaminants in the
soil/water/farm system:

“About 260 chemical and microbiological indicators were
analyzed... concentrations of nitrate-N, boron, chloride,
were elevated... the spray field operation was highly
effective in removing most studied organic wastewater and
pharmaceutical compounds and microbial indicators”.

—Katz et. al. (2009)

o,

Background — Nitrate

Nitrate pollution is harming us and Nitrale in drinking water and colorectal cancer risks
our environment A nationwide population-based cohort study

Land treatment systems regularly
have nitrate beneath them.

“Monitaring results indicate that the
irrigation has caused the shallow
groundwater to become significantly
contaminated.,. nitrate-N concentrations
average 50 g/m*"

“Monitoring of groundwater bores within
the irrigation area identifies that
groundwater nitrate concentrations
occur in excess of this limit [NZDWS]*"
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Background — Nitrate

Nitrate pollution is harming us and
our environment.

Land treatment systems regularly
have nitrate beneath them.

“Monitoring results indicate that the
irrigation has caused the shallow
groundwater to become significantly
contaminated... nitrate-N concentrations
average 50 g/m*"

“Monitoring of groundwater bores within
the irrigation area identifies that
groundwater nitrate concentrations
occur in excess of this limit [NZDWS]”

Current Practice

+  Management of nitrogen effects in consents is varied:
« Nitrogen loading limits

» Monitoring and Farm Management Plans or Nutrient Management Plans

+ Modelled leaching limits
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Resource Management Act (1991)

108AA Requirements for conditions of resource consents
{1) A conssat authoaty must not inclods a condition n a resource consemt for an activity wless—
(a)  th=apphcant for the resource consent agress to the condrhion: oc
b)  the conditwon 15 dinactly commected to 1 o both of the followms

an adverss effect of the activity ca the evromment

an spphcable dutnct or regonal sule, of a national envronmental stasdand, or
] on relates to admusstrabne matten that are sssential for the efficient implementation of the redevant
Subsaction (1) does not Tt thes A<t o regulanices made uoder it
TTA (power 10 make rules 20 2pply %0 classes of activites mod specify condstaoms)

This sectom dows not kit section
220 {conditsom of subdsvason

106 (conseant authonty oy rediine 3ubdiviscn consmt 1) OCIrtha Ctrcusnationtes), of 2
O
For the puepose of tis secton, 3 distnct of regional nade of & saticaal e moansental standsed ts applicable of the

spphication of that rede o stamdard 10 the actvity s the reasde. or 0ne OF the ressons, that 4 resduecs comsenl 5 raquired

for the sctivaty
Nothung i tha sechon affects secnion 108{24a) (nhuch emables a resource consent to melnde a condition requinng a

fiancial contmbutyn )

Section 10RAA" auenied ow 15 Oczzber JO17 by sartion 147 of the Rewouics Lagiddation Amssndasest Act 2017 (3017 Na 3

Retrieved on 3 May 2021 from

Case Study

600 — 700 ha land treatment system

Elevated nitrates in groundwater and daylighting into
a small impacted stream

“Monitoring of groundwater bores within the irrigation
area identifies that groundwater nitrate concentrations
occur in excess of this limit [NZDWS]”

Restrictive nitrogen leaching limits reducing over time

Spans over 10 third-party owned and operated farms

Non-compliances




Case Study

Modelled Nitrogen Leaching (kg N/ha/ye)

2019
Yoar £nd Model

171 kg N/ha/yr

183 mm/yr
164 kg N/ha/yr hy

205 mm/yr

Modelled Nitrogen Leaching (kg N/ha/yr)

2019
Yoar £nd Model

184 kg N/ha/yr

Farm 1v63.5
Farm 1 Previous Versions
Farm 2v635
Farm 2 Previous Versions
Farm 3ve3.5
Farm 3 Frevious Versions
Farm4v6 3.5
Farm 4 Previous Versions
Farm5v63.5
Farm 5 Previous Versions
Farmbvb 3.5

Farm 6 Frevious Versions

Farm 1 v6 3.5

Farm 1 Previous Versions
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Case Study —Farm 1

8
o

s 184 kg N/ha/yr
g 202 mm/yr
171 kg N/ha/yr 100 kg N/ha/yr
183 mm/yr
164 kg N/ha/yr 5.4 cows/ha
205 mm/yr 60 kg N/ha/yr

10 kg N/ha/yr S eonsins - Farm 1 Pravious Versions

3.6 cows/ha

Farm1vb 35

Modedlad Nitrogen Leaching (kg N/ha/fyr)

2019
Year End Model

182 kg N/ha/yr

144 kg N/ha/yr 1 mmiye 193 kg N/ha/yr

207 mm/yr
182 mm/yr Farm 3v63.5

Farm 3 Previous Versions

Modelled Nitrogen Leaching (kg N/ma/yr)

2019
Year End Model
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Case

Modelied Nitrogen Leaching (kg N/hafyr)

Study — Farm 3

&
=)

182 kg N/ha/yr

144 kg N/bha/yr 198 menyyr 193 kg N/ha/yr

182 mm/yr 3.7 cows/ha 207 WYy Farm3 V635

230t PKE and

g
o

2.8 cows/ha 2.8 cows/ha Farm 3 Previous Versions

50 t PKE and Molasses 155 t PKE and
Molasses Molasses

B
o

—
o
o

2019
Year End Model

Solution

« Conditions:

Nitrogen leaching target

Report on any exceedances and explain the cause

Any exceedance greater than 10% requires a mitigative response

Any exceedance as a 3-year rolling average greater than 15% is a non-compliance

Mechanism to change the nitrogen leaching target following Overseer updates

« We replaced one simple one line condition with six wordy conditions

» A LOT more reporting

« Any environmental improvement?
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Concluding Questions

Are nitrogen leaching limits on
land treatment systems
enforcable and valid?

Do they result in better
outcomes?

Is there an easier way?
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WASTEWATER BEST PRACTICABLE OPTION. LIFE FOR THE PNCC WWTP BEYOND 2022

Melaina Voss B¢

APalmerston North City Council, The Square, Palmerston North, NZ
8Stantec, 118 Fitzherbert Ave, Palmerston North, NZ

¢ 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.

@ Stantec

Wastewater Best
Practicable
‘Option: A WWTP
Beyond 2022
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Today

Context
Challenges

Options Development & Assessment
Process

Engagement & Collaboration
Q&A
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A BPO FOR PALMERSTON NORTH

i‘ e 2
‘ )

Palmersion North City Council’s Besi
Practicable Option’: Context

NMATURE CALLS

Commitments, Timeframes & Context
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What is ‘Best Practicable Option’?

* Condition 23B of the Existing Resource  * Resource Management Act
Consent * Purpose & Principles
= Receiving environment sensitivity = Part 2 & Sections 104, 105 and 107
Effects on the environment
Financial Implications
Technology & Innovation

M ise adverse effects on the life
pporting capacity of the Manawatu
River

HATURE CALLS: A BFO FOR PALMERSTOMN NORTH

Meeting environmental policy, standards
and targets

Life Supporting Capacity of Waterways

ORTH

Periphyton growth has been increasing in rivers around
New Zealand over the past 15 years. The National Policy Early on, the Council confirmed that

Statement for Freshwater Management 2020 (NPS-FM) e o T R T T T
requires councils to improve degraded water bodies and P '

ecosystems by monitoring and managing nitrogen and could no longer continue
periphyton levels.

A BPO FOR PALMERSTOMN N

HATURE CALLS
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CALLS

MATURE

NATURE CALLS

Why a Resource Consent for BPO?

In 2012, Horizons Regional Council raised
concerns the city’s wastewater discharge
was having an adverse effect on the life
supporting capacity of the Manawatu
River.

ECT PROGRAM M

In 2013, Council agreed to apply for a new consent by
2022,

The new consent must be for the ‘Best Practicable
Option’.

The ‘BPO’ process must commence by 2017 with an
option identified by 2021,

Challen—ges

Govemance, Regulation, Policy & Community Expectations
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Palmerston North

Growth

A population of 90,000 expected to grow to
130,000 in 30 years time

An urban centre of 3,500ha surrounded by
Class 1 soils, agriculture, ranges and
3smaller local councils

Horizons Regional Council

All the city’s wastewater is treated at Totara
Road WWTP and discharges to the
Manawatu River.

Current Dry Daily Flow is 22,000m®/day
expected to increase to 28,000m* in 35
years

A BPO FOR PALMERSTON NORTH

CALLS

NATURE

Governance & Policy

= 3 Water Reforms
= Safe
= Better Environmental Performance
= Accountablility
= Affordable
= RMA & Policy Changes
= National Policy Statements
= New Legislation
= National Environmental Standards
= One Plan Changes
= Local Government Reform

NATURE CALLS: A BPO FOR PALMERSTON NORTH
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NATURE

CALLS A BPO FOR PALMERSTON NORTH

NATURE

Values & Expectations

Communities and stakeholders are impacted by
this project in varying ways. There is a need to
engage wide enough to identify what this means
= Iwiand hapu
= Community values & priorities
- Affordability
= Environment
= Long term solution
Stakeholder Groups
= Agriculture & Rural Community
= Environmental Groups
= Commerce
Coastal villages
Down River Communities

& NAT
w

URE CALLS
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FOR PALMNERSTON NORTH u

NATURE CALLE A EFO

LE A BPO FOR PALCMENRSTON NONTH

NATURE CAs

(Frass rorwss Tirwdow

BPO Methodology

« Project Objectives
«  Assessment Critera
+ BPO Test'

+ Collaborative Workshops involving Iwi, Councillors
and key stakeholders

« Engagement Feedback

Values based
Assessment Criteria

«  Aligned with Council Policies and Strategies
«  Used In Traffic Light & MCA process
* Engagement with Community & Stakeholders

Oown &
favenaiod Loavrene
eern Giwiwvenst [T
Skl &
L
[ % St W(‘"

flesntia oot Opﬁon
‘ Stories
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A BPO FOR PALMERSTON NORTH

CALLS

NATURE

N PALMERS

’

uro

Reducing
Wastewater @
Source

How to?

* Resudential wastewater
Jction Iool to model how effective

ste Customers reduction at source can

1agement at source  have on future tlows and

Planned approach 1o loads

reducing stormwater

infiltration

Fflow forecawm

L) (01 Wi rmate Fan b

Trade Waste Cantorrars

Load Ferecum
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Discharge to Land

identify Treatment processes suitable for land disc
Identifying & managing adverse effects

Adjoining land-use

Surface water protection

Bore & groundwater protection
Urban development

Land contamination
Operational effects (larg
Feasibility of Land aqui

Combined with other receiving environments

Discharge to Surface
Water

{ Practice for Riverbed compasition

Wastewater reatment Social and community
T henua Values impacts f re

older and Community and fishing
expectations
Policy & Plans
Managing adverse effects
the River

* Combined with other
recsiving environments

Rive ter quality
Maun
Waler supply protection

Ecology
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Discharge to Ocean

Understanding the sensitivity of the recieving
environment & correwsponding treatment regime
necessary
Identifying & managing adverse effects
= Water quality & ecology
* Maori values & mauri
*  Aquaculture
* Recreational, customary and commercial food
gathering
Sacial and community
Climate Change
Adjoining Land-use
Archaeological features
Construction

O FOR FPALMERSTO

Combined with other receiving environments
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Decision Making & Engagement

NATURE CALLS

Govemnance, lwi, Stakeholders & Community
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ROTO

BP0 1OR PALNE

PALMERSTON NORTH CITY COUNCIL
WASTEWATER PROJECT CHARTER
TUTOHINGA

VRSION ¢

Governance

Project Steering Group
Iwi

Council Officers
Technical Advisors
Terms of Reference
Reporting 1o Council

Collaborative
Workshops

Traffic Lighting, Multi-Criteria Assessment | briefings
and workshops have occurred throughout the iife of
the Project

Keeping technical experts, Council officers,
Stakeholders and the Council’s decision makers
Involved and accountable along the way.

88



Engagement

MAIVINL bNRLLY

i bt Information
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Have your say NOW!

FALMERBTON NORTH

n person WIER prape
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FOXTON WASTEWATER LAND TREATMENT CONSENTING AND CONSTRUCTION CHALLENGES AND
LESSONS

Phil Lake *® and Hamish Lowe #

Alowe 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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Foxton Wastewater Land
Treatment

Consenting and Construction Challenges and Lessons

Phil Lake
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Background

Foxton’s Wastewater
Treatment:
* WWTP (single pond) built
at Matakarapa in 1976.

* Two maturation ponds
added in 1993/94.

* Continuous discharges
into Foxton Loop 3 km
downstream of Foxton.
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Environmental
Impact

Background

* Discharge Consenting — Site Selection

» 1998 consent required HDC to seek land discharge
locations for future consents.

* 2012 district-wide land treatment suitability study by LEI
* GIS multi-criteria broad-scale assessment of whole district.
* Considered options of suitability within 5 km of each WWTP.
* Considered possible central site for all district discharges.
* Land and soil properties ranked for suitability
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Background

* Discharge Consenting — Site Selection

* Focus Group consultation during 2014 included:
* |dentification of the community’s core values and aspirations;
* High level identification and consideration of 22+ locations;
* Desk-top feasibility studies of some potential discharge sites;
* Refinement of preferred discharge site locations and costs;
* Consideration of land discharge regimes and design concepts.

* Based on Focus Group outcomes and feasibility studies,
Matakarapa was selected as the best site in the area.
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Background e

» Discharge Consenting — Application Timeline
» 2015: Detailed site investigations and conceptual design.
* 2015: Prepared and lodged consent application.

» 2016: Consent application publicly notified.

* 2016-19: Environment Court processing including direct
negotiations with iwi and expert conferencing.

* February 2019: Consents granted.

« 3vyears to implement:
* Build storage pond;
* Install 63 ha of irrigation;
* Cease discharges to Foxton Loop.
* 28 years for irrigation and intensive farming (irrigated beef).
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Land Treatment Overview

* Irrigation avoids all culturally
sensitive areas, kanuka,
wetland, and drains.

* Three irrigation management
units have application rates
that reflect different soils and
terrain.

* Build 50,000 m? of storage.

* Continue existing bull
farming operation.

Consenting Challenges

* District Plan constraints:

* District Plan maps of flood hazard are incorrect but rules
restricting structures and earthworks still applied.

* Entire site is Outstanding Natural Landscape.

Unable to modify terrain from original contours;

All irrigation posts needed to be under 3 m high;

Considered visual effects of fenceposts and irrigation posts;
Considered visual effects of greening of pasture from irrigation;
No rules specific to kanuka but trees needed to be protected.
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Consenting Challenges

* One Plan conflicts:
* Wastewater discharges to land strongly encouraged but:

* Nitrogen losses are tightly restricted by Table 14.2;
* Irrigation of beef farms meets definition of intensive farming;

* New intensive farms are difficult to consent due to conflicting
rules and policies regarding nitrogen loss limits;

* Irrigating areas of kanuka is a non-complying activity;
* Existing pond seepage to groundwater requires consent;

* Tension between increased contamination of groundwater and
reduced contamination of surface water.
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Consenting Challenges

* Overseer modelling:

* Qverseer model version updates increased predictions
of nitrogen losses well beyond Table 14.2 limits.

* One Plan and Table 14.2 had no mechanism for adjusting
when Overseer updates changed its predicted losses for
the same scenarios.

* Conflict between principles of Overseer and its use as a
regulatory and annual compliance tool.

Consenting Lessons

* Test case for application of One Plan rules and policies
for new intensive farms and wastewater irrigation.

» Good things take time. Lots of patience and SS too!

* Good consent outcomes rely on:
» Thorough pre-application consultation/engagement;

Robust site investigations and technical documentation;
Robust design and technical backing;
Strong, unified team of experts;

Resolving opposition and concerns raised by iwi, submitters,
and Council experts.
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Construction Challenges

* Management of:

* Uninterrupted wastewater treatment and farming;
Integrated design and operation;
Complex and fluid project team;

Iwi liaison and monitoring;
Materials supplies;
Timelines;

Costs.
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Construction Lessons

* Invest time to:
* Integrate design and operation;

Obtain different perspectives and expertise;

Explain reasons for decisions; N

» Gain common understanding; i

Avoid conflicts;

Solve problems. E5 s

WAy

Simple win-win solutions are usually possible but may
require several iterations of designs or discussions.

Construction Lessons

* Management of detail helps avoid cost escalation
and delays (even without COVID disruptions)

* Smooth sailing is a bonus!




Completed W

Pump shed
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DEVELOPING A RESOURCE - BIOSOLIDS ANYONE?

Hamish Lowe 4%, Jennifer Prosser #, Katie Beecroft #, and Maria Gutierrez-Gines ©

ALowe Environmental Impact, Palmerston North, New Zealand
B Environmental Science and Research, Wellington, New Zealand

¢ 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:

e Alarge-scale biosolids composting trial;

e Inlaboratory testing of the feasibility for using biosolids in seedling growth media; and

e 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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Developing a Resource

Biosolids Anyone?

Hamish Lowe

L & W E

Environmental

PRESENTATION OUTLINE Impact

» Regional Biosolids Strategy (RBS) — Lower North
Island

* Research trials and on ground application
* Biosolid variability
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BIOSOLIDS -
WHAT TO DO WITH THE
POO?

Large proportion of NZ WWTP solids goes to
landfill;

Current Government policy and community
expectations focus on sustainable re-use;

Landfilling no longer considered a viable long-term
option;
Biosolids can

* Add valuable nutrients;

* Improve soil moisture retention; and

* Improve soil structure.

Numerous re-use options for biosolids depending
on quality/contaminants.

L & WE
ACHIEVING SUSTAINABLE USE THROUGH COLLECTIVEE"Vionmenid

mpacit

MANAGEMENT

Biosolids Strategy — Lower North Island” is taking a
collaborative approach to sludge management;

* 9 New Zealand territorial authorities working in partnership
to develop a regional biosolids strategy, focusing on
beneficial end-use;

* Focus on small councils that would be unable to fund such
investigations individually;

* How did project come about?
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MfE RESEARCH FUNDING PROCESS

* Waste minimisation fund (WMF)

» Projects that promote or achieve waste
minimisation;
* Focus on waste reduction, reuse, recycling and
recovery of waste;
* Implementing new initiatives or significant
expansion of existing activities;
* Projects up to 3 years;
* Shared funding/ cross-sectional collaboration
is preferred; and
* Projects $$S
* Minimum $50,000
* RBS $542,109 over three years
¢ WMF contribution $433,689 (80%)

MfE RESEARCH FUNDING PROCESS

* Application process

* Get support
* Interested parties and potential financial contributions
* Letters of support

* Detailed budgets
* Provide a strong statement of intent
+ Ability to quantify project benefit an advantage

* Reporting requirements
* |nitial project plan and additional yearly variations
* Milestone reporting cycle — based on project plan

* Financial requirements
+ Detailed yearly budgets
+ Detailed evidence of spending with each milestone report

* Financial contributions from WMF not reimbursed until after
reporting cycle complete ... can be drawn out.
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PROJECT FOCUS

Scale of the Problem.

Potential Solutions
» Working together
* Regional strategy

Alternatives to the Status Quo
* Investigating end-use options
* Field trials
- Biosolids composting
- Seedling growth trials
- Grazing crop field trial

Iwi and Community Engagement

L & W E

Environmental

PROJECT OVERVIEW Impact

[ Three Primary Work Streams

I

Biosolids Iwi/Community
Processing Trials Engagement

S owes N owes O ows

Strategy

Development

- Report: Gap analysis; Desk
top study. Research reports: - Report: Key insights and
- Report: Gap analysis; site - Trial for assessing the reuse lessons learned.
visits and field investigations of biosolids as a growing - Developing a regional GIS
- Report: Opportunities to substrate for nursery plants. map.
Work Together. - Biozolids composting trial - Review: Assessment of
- Report: Development of a results cultural framewaorks.
Draft Strategy. - Grazing crop field trial
- Presentation: Biosolids end- results
use options for the lower

Morth Island.
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SCALE OF THE
PROBLEM

Number of WWTPs in the lower North Island

a9
37
I : :
= =
N Al

Total Small Large
ponds/lagoons plants plants

Number of plants
o858 88 8 8 8

* Most sludge is
landfilled;

» Significant volumes of
sludge stored in
oxidation ponds, and on
site at WWTP — future
liability; and

* Very little data exists on
sludge quality.

L @ W E

Environmental

WORKING TOGETHER ON BIOSOLIDS MANAGEMENT ® © ¢

* Highlighted common problems and areas where councils
could work together to manage sludge;

* Enabled dialogue/forum for discussion;

* Building of relationships; and

* Sharing of information;

* Difficult to measure the success of these outputs.

trgency
Quatty of studge

inﬁ_—_ggiii_nﬂ_h!_rﬂnx Tararua DC Mmgg_.!gm [ Whangaoul DC Ruspebu OC | saphl Cowmt DC

L1
1 ldentied end- e

e shadging
Or - watering
Transport

(Commaity engagement

udgs precessing
IApplcation 1o ke
Megutiation
tromomics
(Comtinge nches

Contribution key
Shared knowledge/information
Shared infrastructure/equipment

Shared costs

eves

- Shared regulatory framework -
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WORKING TOGETHER ON BIOSOLIDS MANAGEMENT

* Through discussion il

Strategies for collective
management were
developed - including specific
details of how it applies to
each district.

== — ] —]—]
L & W
lEngjronrgerc\:tofl
NOT ALL SLUDGE IS CREATED EQUAL ?

-

PNCC Composted Biosolids

PNCC digester sludge

Tokomaru Geobag

* Options for re-use are
dependent on quality of the
sludge produced.

P SRS
Auckland WWTP
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BIOSOLIDS PROJECT
EXAMPLES

SEEDLING POT TRIAL

Whilst small scale experimep
useful, they do not alw
translate to the bigg
* Large scale field trid
* Seedling trial;

* Composting trial; ¥
* Massey field trial;

Plants grown in nurseries are well

suited to using biosolids

Not directly linked to human food chain;

Commonly use growing media which
requires frequent replacement;

Slow growing plants benefit from slow
release fertiliser such as biosolids; and

Time between potting up seedlings and
planting allow for further stabilisation.

TRIAL DESIGN

* Exposed seedlings to increasing conc. of
biosolids mixed with mulched bark
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CHARACTERISTICS OF FOUR SLUDGES AND BARK

* “*value exceeds grade “a” and ** grade “b” biosolids.

* In most cases contaminants will be reduced to acceptable levels via blending

| Units(dw) | PN | 7Ok | Ak | WHA | BarkFines |
MPN/g <53 <30 5.7 x10° <23 <38
Present Absent Present Absent Absent
| Drymatter | % 34 61 20 79 47
| Aash ] % 61 52 28 25 42
| pH | 6.4 42 81 72 56
ms/m 419 54.5 248 618 13.2
% 39 81 72 75 58
% 20 31 34 39 23
% 1.89 0.35 6.0 4.3 0.26
mg/kg 6 240 12,500 3,700 6
[ mNoybNn ] mg/kg <60 <1.0 <3 <1.0 <1.0
| NOsN R 2400 32 <34 15.2 57
T gl 21,000 2,000 18,000 24,000 8,700
T mg/ke 3,100 2,900 10,900 2,000 1,580
. mahke 13,300 1,090 27,000 8,500 520
T mg/ke 10,200 940 2,000 760 1,530
[ Na T 1,550 108 720 4,200 300
T ek 350 240 139 1,170 165
DT mg/kg 1 5 5 5 2
| od ] mg/kg 0.51 0.028 0.81 0.39 <0.10
mg/kg 19 19 2 **17,300 6
TR mg/ke 61 *128 240 *108 8
[ Pb 66 23 199 122 48
N TN mg/ke 8 12 18 28 5
T ok *300 175 620 *380 a1

PN — Palmerston North composted biosolids, TOK - Tokomaru aged geobag biosolids, AKL - Auckland fresh biosolids,
WHA - Whanganui fresh digested biosolids




Six plant i ed
MON ITORI NG AN D . xl-‘i)ezre‘ S:Z:tc;e(i::omiko);

. P ita (silver t k);
RESULTS Cocotig checsemont;

flax);
* Griselinia sp. (broadleaf); and

+ Cordyline australis (Cabbage

* All four biosolids
improved plant growth

* When optimal /
concentration of = i
biosolids is used plant — ) g
height and biomass are =
increased between 2 / Friorg
and 10 fold = | | R

Orwarte of e - o Mt -
B e L e T ]
[P - cerm

BIOSOLIDS
COMPOSTING TRIAL

* 12 compost rows incorporating ‘
three contrasting biosolids sourced
locally

* PNCC alum sludge;
* PNCC digester sludge; and

* Bunnythorpe oxidation pond
sludge.
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E. coli < 1 MPN after five months

e Trial aim
* Explore the use of biosolids as a soil conditioner

BIOSOLIDS FIELD TRIAL for grazing crops.

Objectives are to determine:

* The impacts on soil fertility;
* The availability of nutrients for stock; and

* The growth response of winter grown crops.
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Baseline data May 2019

TRIAL DESIGN e Tl
Organic Matter g/100g dry wt 36.5 64 6.9
Dry Matter g/100g as revd 8.15 15 75
Volatile Solids £/100g dry wt 36.5 64 6.9
. " Ash 8/100g dry wt 63.5 36 93
* Two sludge types, inorganic  otai calcium me/kg dry wt 10750 15100 2500
ey ye Total Magnesium mg/kg dry wt 2550 1720 830
fertiliser and a no fertiliser Total Phosphorus mehgdrywt| 4650 16300 750
Total Potassium mg/kg dry wt 1385 1200 540
control. Total Sodium ma/kg dry wt 900 620 126
pH PH Units 6.925 7.32 5.8
* Three crops: Total Nitrogen giogdywt| 23 36 0.27
. Ammonium-N mg/kg dry wt 1260 6300 <5
- Italian Ryegrass (seed) Nitrte-N ng/ig dnj wh a < <10
Nitrate-N mg/kg dry wt <9.6 <4.6 16
- Oats (SCEd) Nitrate-N + Nitrite-N ma/kg dry wt <7 <4 16
. . Total Carb dry wt 4
- Existing pasture oot L 2 2 :
Olsen P mg/L - - 27
Exchangeable K me/100g - - 0.32
Exchangeable Ca me/100g - - 7
Exchangeable Mg me/100g . . 0.89
Exchangeable Na me/100g - - 0.14
CEC me/100g - - 13
BOth SIUdgeS Total Arsenic mg/kgdrywt | I35 4 <2
would be Grade B Total Cadmium me/kgdrywt | ( *1.895 ) 0.73 0.16
Total Chromium mg/kg dry wt >’i‘53< 29 9
and therefore Total Copper maskg drywt | . 220 ) 164 4
- Total Lead ma/kgdry wt | 625" 33 7.2
req uire resource Total Nickel mg/kgdrywt | 13\\\ 13 3
consent Total Zinc ma/kgdrywt | (1035 ) 680 27
oy
Dehydrogenase enzyme |mg TPF kg he 177.08 - i 4.44
E. coli MPN/g DW *4.39x 10 (\'1 76 x 10’ ) *5.41x10"

—

* exceeds limits for Grade A biosolid
** exceeds limits for Grade B biosloids
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RESULTS TO DATE

IWI AND COMMUNITY ENGAGEMENT

§=

* Long-term, regional wide solutions = = |
for managing biosolids require the = ,;'-'
consideration of community and ' S T
iwi views and values; = __ M

* The project has reviewed Cultural
Health Indicators;

* Created a GIS tool mapping data on 2
biosolids; and ' =y

* Developed a Cultural Health Index = Sl = —
for composting of biosolids. =

|
|
I
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WHAT HAVE WE LEARNT

* Partners
* Good — meeting and talking and better understanding
* Bad - receive information and not pass on

* MfE
* Good — positive about outcomes and objectives
* Bad — changing staff, lack of knowledge, extensive reporting

* MfE Application Process
* Long process
* Milestone reporting

Location Sludge fsource Grading Notes
Foxton Oxddation pond 1 - Exceeds GradeBb -  f Zn, Od, Cu
Facultative TE. ea
- sufficientplant avallable N
and organic matter.
Foxton Duidation pond 2 - Grade ab = MZIn, Cd Cu.
BIOSOLI DS maturation - 7 suffident plant avallable
N and organic matter.
Foxton Dwidation pond 3 - Grade Ab - ™z
G RAD I N G maturation - T suffidentplantavailable
N and organic matter.
Tokomar Geobag pond shudge Grade ab - ™ Cu
- SuffickentN but low organic
miatter and high levels of
sift/sand.
. Shanmon Geobag pond sludge Grade Ab - T Cu, Z
. UanStrICtEd use - SufficientN but low organic
- - matter and high levels of
biosolids: Aa Stjsand.
Marton Ouidation pond 1 — ExceedsGrade Ab - T Zn, As,Cd, Cu, Hg
Facultative - T suffident plant available
. N and organlc matter.
. Restncted use Marton Oxdation pond2 — Exceeds Grade Ab - T As, In. Cd Cu
. . maturation - 7 suffident plant avallable
bIOSO|IdSZ Ab, Ba, N and organic matter.
Masterton Aged oxidation pond Grade Ab - CuZ
B b . sludge - ) Nutrients offer little
fertilser value to soiks.
‘Whanganul Fresh digested Exceeds Grade Ab - T Crzm, Cu
sludge - T suffident plant avallable
* Non-grade sludge: N and organicmater
Aunckland Fresh WWTP sludge Grade Eb - ™ Zn, Cu
Exceeds Bb - tEe
- T suffidentplantavailable
N and organic matter.
Palmerston Composted biosolids Grade Az - " suffigentplantavailable
North N and organic matter.
- Predominant form or N is
Nitrate Ken'r
Palmerston Frash digested Grade Eb - ™ Zn, Cu -
North sludge . MEeo Mo restrictions to use.
- 4 suffientplantavallable | Land application would require
| - — S N and organic matter. restrictions/consent.
:1:1:&“ EU;?;:;:EPO:: """ . rEcol Not suitable for land application in
- T sufficentplantavaliable | present state.

N and orianlc maatter.
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MANAGING SLUDGE VARIABILITY

* Not all sludges equal

* Not all sludge from same site is equal

* Different management and grading possible

Eg Foxton, Marton, Masterton

* What is the goal, do you treat worst case, or
specific focus.....sampling regime?

TAKE HOME....

a'/;{euse possible

* Done already in NZ
* Done internationally

Challenges

« Accepting new ideas — break the mould
* Regulatory environment —risk averse

* Cultural and community engagement —
yucky
"\\: Keeping staff engaged/focused/employed

It will happen!!

There are unknowns

= Trial can help
* Experience of others can help

Working together helps

s Just talking

* Sharing processes and knowledge

* Sharing resources

* There is a model for working together

Y,
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RANGITANE O MANAWATU- COMBATING WATER QUALITY ISSUES IN THE RANGITANE ROHE

Paul Horton #&

ATe Ao Turoa Environmental Centre

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

COMBATING WATER QUALLITY
ISSUES IN THE RANGITAANE ROHE.
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Nutrient Pollution Enriched

Sediment Discharge 3/4
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Urban Storm Water

RoM Settlef
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land irrigation sites in the RoM rohe
Foxton and Matakarapa

Shannon

Tokomaru

Waitarere*

Levin*

Shannon

8 years operation
Working Party

Harvest mahinga kai

Tuna whitebait fishery

Spoon bill

this year; Australasian Bittern sighting on
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Tokomaru WWTP ' ‘ Legend

Write 3 description for your map J duckroost 1
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