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Introduction

Water has many uses in the agriculture 
and agri-food sector, including 
irrigation, watering livestock, cleaning 
barns, facilities and equipment, 
washing vegetables, brewing beer 
and transporting produce within 
processing facilities. The resulting 
wastewater contains soil, debris and 
possible contaminants associated with 
these processes. Wastewater often 
contains high levels of nutrients such as 
phosphorus and nitrogen, suspended 
solids and various organic compounds. 
If released untreated into waterways 
or improperly treated, wastewater can 
cause many environmental issues. 

Nutrients in waterways may result in 
algal growth. This can deplete oxygen in 
the water and clog municipal drainage 
pipes. Organic compounds can use 
up dissolved oxygen in the water, 
resulting in low-oxygen environments 
affecting some fish species and other 
aquatic organisms.  Wastewater can 
also contain potentially harmful bacteria 
and viruses. 

The Ontario Agri-Food Innovation 
Alliance supports research to help 
producers reduce the volume and 
concentration of wastewater by 
developing new tools and technologies 
to conserve and/or treat wastewater 
and address an important component 
of environmental sustainability in 
Ontario’s agri-food industry and rural 
communities.
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Foreword

A competitive agri-food sector is 
built on a sustainable environment. 

From farm to fork, every step in food 
production has an impact on the 
environment.  Research supported 
through the Ontario Agri-Food 
Innovation Alliance’s Environmental 
Sustainability research theme is helping 
maintain and enhance our natural 
resources, while ensuring that our 
agri-food sector remains sustainable 
and profitable. As we look forward 
to our renewed partnership with the 
Ontario Ministry of Agriculture, Food 
and Rural Affairs, it is important to 
also look back at what our researchers 
have accomplished over the past eight 
years: creating online tools to improve 
sustainable agricultural operations; 
developing technologies and models 
that help address nutrient runoff 
from farms; influencing government 
and commodity group policies with 
evidence-informed research; and 
training 149 skilled students to meet 
the changing demands of the agri-
food sector. Research supported by 
the Alliance is helping farmers and 
agri-business deal with some of the 
most pressing challenges of our time, 
including climate change, nutrient 
transport and biodiversity conservation. 

This project represents the first effort 
to tell the story of how individual 
research projects are contributing to the 
sustainability of both our environment 
and our agri-food sector. Even as 
each project increases our knowledge, 
the entire program illustrates the 
interconnectedness of the research at 
the farm level and how that research 
helps us understand the influence of 
agricultural drivers on our environmental 
systems.  

Bill Van Heyst 
PhD, P.Eng.

Environmental Sustainability Theme 
Research Program Director, 2011-2018

University of Guelph
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Long-term sustainability and 
profitability of the agri-food sector 

is increasingly dependent on the 
preservation of the productive capacity 
of natural resources. Stewardship 
of these resources is essential for 
capitalizing on growth opportunities and 
protecting agricultural land for future 
generations. The Ontario Agri-Food 
Innovation Alliance provides a unique 
capacity to address the agri-food 
sector’s research and innovation needs 
and agri-environmental issues to drive 
long-term sustainability for the sector. 
OMAFRA’s environmental sustainability 
research theme has supported research 
at the University of Guelph to maintain 
the ability of our natural resources to 
support and strengthen agricultural, 
food and bioproduct sectors and rural 
communities. Over the last 10 years, 
OMAFRA invested $7.4 million in 
70 agri-environmental sustainability 
research projects through the Alliance. 
Research has focused on important 
environmental issues to encourage 
nutrient management best practices, 
enhanced biodiversity and reduction 
of greenhouse gas emissions from 

the sector. These research projects 
are yielding exciting new knowledge, 
innovative technologies, partnerships 
and new production systems, and 
contributing to the training of the next 
generation of trained personnel for the 
sector. It is essential that this research 
be shared in formats that are widely 
accessible to farmers, agri-businesses 
and other partners across the province, 
providing evidence to guide decision-
making related to agricultural lands 
and to inform adoption of innovation 
and best practices on the landscape. 
This synthesis report is another step 
toward this goal. Through the recent 
renewal of the Alliance, we look forward 
to continued collaboration with the 
University to further strengthen our 
partnership and the outcomes achieved.

Colleen Fitzgerald-Hubble

Environmental Sustainability Theme 
Director Champion

Ontario Ministry of Agriculture,  
Food and Rural Affairs
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Wastewater systems  
for potato processing
Researcher: Robert Gordon

Problem Addressed

Potatoes are commonly stored on-
farm in large containers after harvest. 
Throughout the year, a water flume 
transports potatoes from storage to 
a truck for shipping. Water is also 
used to clean the potatoes, and 
accumulates high concentrations of 
organic compounds, suspended solids 
and nutrients such as phosphorus 
compounds and ammonia. These 
accumulations result in a higher 
biochemical oxygen demand that uses 
up oxygen dissolved in the water. 
Previously, the water was discharged 
into the environment. With new 
regulations on wastewater, producers 
needed new strategies for treating 
wastewater. 

Project Findings

Prof. Robert Gordon, previously of 
the School of Environmental Sciences 
and now at Wilfrid Laurier University, 
worked with potato producers to design 
and build a potato scrubber and on-
farm wastewater treatment system, 
including a constructed wetland system. 
The system effectively decreased the 
amount of nutrient runoff from potato 
washing and used 31 per cent less 
water than conventional practices. 
Remaining wastewater was effectively 
treated by discharge through the 
wetland system.
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Optimizing vegetable washwater 
recycling processes 
Researcher: Richard Zytner

Problem Addressed

Water is used in washing, peeling and 
transporting fruits and vegetables 
at processing facilities, generating 
wastewater high in organic compounds 
and nutrients from the produce and soil. 
This wastewater has high biological 
and chemical oxygen demands, and 
lowers oxygen levels in surrounding 
water bodies exposed to waste and 
wastewater. Processors face huge 
monthly surcharges when they dump 
minimally treated wastewater into 
municipal sewers, but need extensive 
and costly waste treatment systems to 
safely apply this water to farmland.  

Project Findings

Prof. Richard Zytner, School of 
Engineering, examined several water 
treatment systems for treating carrot 
wash and peel processing wastewater, 
such as dissolved air flotation, 
membrane filtration, ultraviolet (UV) 
dosing and centrifuge methods. 
Dissolved air flotation was the best 
treatment option for improving 
wastewater quality. Further research 
suggested water could be reused with 
subsequent treatment using membrane 
filtration and UV dosing. The remaining 
solids could be composted and land-
applied with some level of treatment.

Dissolved air flotation was the best 
treatment option for improving carrot 
wash and peel processing wastewater 
quality.



Ontario Agri-Food Innovation Alliance 10

Treatment of vegetable processor 
wastewater
Researcher: Richard Zytner

Problem Addressed

There are many different types of 
water treatment systems available, 
but processors have lacked the 
information needed to choose the 
treatment methods best suited to their 
facility. Different fruits and vegetables 
are associated with differing levels of 
suspended solids, nitrogen, phosphorus 
and organic matter in the wastewater. 
This means that different treatment 
systems work better for different 
products, and treatment systems 
needed to be evaluated to determine 
the best system for each product.

Project Findings

Prof. Richard Zytner, School of 
Engineering, assessed membrane 
bioreactors and sequence batch 
reactors — processes that use 
microorganisms to break down organic 
matter — to treat vegetable process 
wastewater. Both systems improved 
water quality to a suitable standard to 
eliminate sewer surcharges, but only 
the membrane bioreactor with activated 
carbon and UV treatments allowed for 
water recycling. These technologies 
can help producers lower their water 
use through recycling and prevent 
high-strength wastewater — wastewater 
that contains a greater concentration 
of contaminants compared to that of 
domestic wastewater — from being 
washed into sewers.

Subsurface flow constructed wetland 
systems can effectively reduce 
organic matter and solids from dairy 
wastewater to a level suitable for 
discharge into conventional septic 
fields.
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Constructed wetlands to treat 
dairy wastewater
Researcher: Chris Kinsley

Problem Addressed

Dairy farms produce wastewater from 
manure storage tank cleaning and floor 
washings. This wastewater contains 
high levels of organic matter, milk and 
phosphorus (from manure and cleaning 
detergents). If added untreated to water 
bodies, phosphorus may lead to water 
quality issues such as eutrophication, 
while the milk and manure may contain 
harmful pathogens. Dairy farmers 
needed a cost-effective method to 
treat their wastewater to reduce its 
potential environmental impacts. The 
composition of wastewater varies 
with farm practices, so a treatment 
system would need to address these 
differences. 

Project Findings

Prof. Chris Kinsley, formerly of 
Campus d’Alfred and now at the 
University of Ottawa, constructed a 
long-term wetland system to treat 
dairy wastewater. Subsurface flow 
constructed wetland systems can 
be used year-round and reduce 
odours. Construction can be easily 
approved through the Ontario 
Building Code. Three full-scale 
research and demonstration wetlands 
were constructed at packed-bed, 
conventional and organic dairy 
operations in eastern Ontario. The 
treatment train of a septic tank, a grease 
trap and a subsurface flow wetland 
reduced organic matter and solids by 
85–95 per cent, which is suitable for 
discharge into a conventional septic 
field. Nitrogen removal ranged from 
30 to 50 per cent, while only 25 per 
cent of the phosphorus was removed 
through settling and filtration of organic 
matter. However, the application of a 
blast furnace slag filter (created as a 
byproduct of industrial steel production) 
at one of the sites lowered phosphorus 
levels by more than 50 per cent. This 
research helped inform dairy farmers 
about an effective option to treat their 
wastewater, and the technology has 
been adopted by several Ontario 
producers.     
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Brewery wastewater treatment 
and energy production
Researcher: Sheng Chang

Problem Addressed

Producing a single 500 mL can of 
beer creates approximately 1.5 to five 
litres of wastewater. This wastewater 
contains high levels of organic 
matter — sugar, alcohol and suspended 
solids — and has a high biochemical 
oxygen demand that depletes the 
oxygen in exposed water bodies. Water 
waste and regulations that limit how 
wastewater is disposed pose a problem 
for small breweries, especially ones that 
lack treatment facilities. 

Anaerobic digestion provides a potential 
solution for small manufacturers to treat 
the water and generate energy, as the 
process effectively converts organic 
compounds into usable methane gas. 
However, the process runs too slowly 
to keep up with breweries’ wastewater 
outputs. Speeding up the process to 
meet the real demands of small beer 
manufacturers would allow breweries 
to treat wastewater and gain a viable 
source of energy production.

Project Findings

Prof. Sheng Chang, School of 
Engineering, researched a faster 
process to accommodate the 
wastewater output by combining an 
anaerobic digester with a membrane 
filter, creating an anaerobic membrane 
bioreactor (AnMBR). This technology 
allows for better microbial growth, 
leading to improved methane 
production and wastewater treatment 
and increased reactor capacity. The 
anaerobic membrane bioreactor 
provides an opportunity for producers 
to treat and reuse high-strength 
wastewater and produce energy.   

Two master’s students found the 
anaerobic membrane bioreactor 
works in both batch and continuous 
operations, treats wastewater and 
consistently produces methane long-
term. Graduate students are also 
working on optimizing the AnMBR 
and integrating an additional reverse 
osmosis filter system to remove 
organic molecules and salts for further 
wastewater treatment and reuse and 
energy production. Technologies such 
as this can help small breweries grow, 
reduce their wastewater treatment costs 
and mitigate environmental impacts.
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Turfgrass irrigation using 
reclaimed wastewater
Researcher: Katerina Jordan

Problem Addressed

Sod production and turfgrass 
maintenance require water and 
nutrients. As industry works to conserve 
water, irrigation using wastewater 
is an opportunity that also provides 
turfgrass with nutrients and could 
help reduce the amount of waste. 
However, some wastewater contains 
high concentrations of salt and other 
compounds, making it potentially 
detrimental to turf. The effect of 
reclaimed wastewater on turfgrass 
health and the soil microbial community 
is not well known. More information 
was needed to determine the viability of 
using wastewater for turfgrass irrigation. 

Project Findings

Prof. Katerina Jordan, Department of 
Plant Agriculture, examined several 
types of wastewater for this purpose: 
road runoff, industrial meat processing 
water, municipal secondary water and 
municipal tertiary water (secondary 
and tertiary measures effluent quality). 
She used deionized water as the 
experimental control. The study found 
that municipal secondary wastewater 
could successfully supplement regular 
irrigation but not replace it. Prof. Kari 
Dunfield, School of Environmental 
Sciences, also worked on this project 
to assess microbial ecology. Results 
indicate that municipal wastewater had 
undetectable levels of E. coli, making it 
suitable for turfgrass irrigation. Jordan 
now discusses this research with 
municipalities as a method to deal with 
wastewater.

Municipal secondary wastewater 
could successfully supplement regular 
irrigation but cannot replace it.
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