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Supported by:

The Canadian Association on Water Quality is a non-governmental, non-profit organization for scientists,
engineers, technologists, administrators, practitioners and students engaged in or interested in research on
water quality or on the control or treatment of water pollution. The mission of the Canadian Association on
Water Quality (CAWQ) is to create and foster a nationwide network of professionals dedicated to the
development and communication of knowledge to preserve and enhance the water quality environment.
Website: https://www.cawq.ca

IWA YWP Canada aims to be an inclusive, forward thinking, and supportive community for all early career
Canadians working in the water sector. We started the IWA YWP Canada with the goal of gathering together
early career professionals working in our country’s water sector so that they can network and share knowledge
with each other.
Website: https://iwa-network.org/news/iwa-launches-a-new-young-water-professionals-chapter-in-canada/

Ryerson University is Canada's leader in innovative, career-focused education and a university clearly on the
move. It is a distinctly urban university with a focus on innovation and entrepreneurship. Ryerson has a
mission to serve societal need and a long- standing commitment to engaging its community.
Website: http://www.ryerson.ca

The University of Toronto (UofT) was founded in 1827 and has evolved into one of Canada’s leading
educational institutions. Located in Toronto, Ontario, Canada, it is one of the world’s top research-intensive
universities. Our community of professors, students, researchers, and partners have the opportunity to
discover, learn and create knowledge that is both significant nationally and internationally. The UofT
strives to foster an academic environment that allows learning and scholarship to flourish, producing quality
work and graduates that have the ability to not only address today’s pressing issues but the challenges we
may face in the future.
Website: http://www.utoronto.ca

York University is Canada's third-largest university. York University has approximately 52,300 students,
7,000 faculty and staff, and 295,000 alumni worldwide. It has eleven faculties, including the Faculty of
Liberal Arts & Professional Studies, Faculty of Science, Lassonde School of Engineering, Schulich School
of Business, Osgoode Hall Law School, Glendon College, Faculty of Education, Faculty of Health, Faculty
of Environmental Studies, Faculty of Graduate Studies, the School of the Arts, Media, Performance and
Design (formerly the Faculty of Fine Arts), and 28 research centres.
Website: http://www.yorku.ca

Dear Conference Attendees
Welcome to the 56th Central Canadian Symposium on Water Quality Research.
On behalf of the Canadian Association on Water Quality (CAWQ), It is our great honour and
pleasure to welcome you to the 56th Central Canadian Symposium on Water Quality
Research Virtually. The symposium aims to bring together people in diverse fields of water quality
management and research to present achievements and innovations in science, engineering, and policy, and
further the exchange of information for public benefit. Your attendance and contribution will help to ensure
the fruitful exchange of knowledge and experience. The participation of our students and young
professionals is particularly appreciated.
We would like to thank you all for participating and contributing to this event and we look forward to
seeing you at next year’s symposium.
Thank you for your time.
Sincerely,

Dr. Elsayed Elbeshbishy
Conference Chair
Associate Professor,
Civil Engineering,
Ryerson University

Dr. Stephanie Gora
Conference Co-Chair
Assistant Professor,
Civil Engineering,
York University

Dr. Ron Hofmann
Conference Co-Chair
Professor,
Civil Engineering,
University of Toronto

Dr. Ahmed Eldyasti
Conference Co-Chair
Assistant Professor,
Civil Engineering,
York University

Farokh Kakar
Conference Co-Chair
President of IWA-YWP Canada
PhD Candidate
Civil Engineering
Ryerson University
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CONFERENCE AGENDA

Day 1: Wednesday, March 24, 2021
Time

Activity

Title

Speakers

10:00 am –
12:00 pm

Webinar

Harnessing Membrane Aerated
Biofilm Technology: Conventional
Wastewater Plant Retrofit vs New
Process Development

2:00 pm – 4:00
pm

Panel
Discussion

Dr. Martha Dagnew

Nitti Subramamiam
Pandemic & Wastewater Facilities

Christine Hill
Kirby Oudekerk

4:30 pm – 5:30
pm

CAWQ Annual General Meeting (AGM)
(Everyone is invited)

1

Moderator

Ahmed Shabir

Farokh laqa
Kakar, Sylvie
Spraakman
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Day 2: Thursday, March 25, 2021
9:30 am - 9:55
am
10:00 am - 10:40
am

Welcome Address
Keynote Speaker 1

Enhancing wastewater sludge management by advanced digestion

Dr. Zhiguo Yuan, University of Queensland
Session 1: Water Quality and
Session 2: Wastewater Treatment
Treatment
Time
Chair: Rasha Maal-Bared
Chair: Stephanie Gora
Co-chair: Ahmad Shabir Razavi
Co-chair: Shaghayegh (Shaya) Goudarzi
Invited Speaker 1
Performance of an industrial
Machine Learning for Water
wastewater treatment plant receiving
Management
wastewaters from various sources
10:45 am - 11:05
DR. DEWEY DUNNINGTON
Dr. Mohammad HAMODA
Department of Fisheries and Oceans
Kuwait University
am

11:10 am - 11:25
am

Polar organic chemical integrative
sampler for compound specific isotope
analysis of substituted chlorobenzenes
(S. SUCHANA, University of Toronto)

Recovery of Rare Earth Elements from
11:30 am - 11:45 Aqueous Solution Using Algal Biomass
(N. CARUNUNGAN, University of
am
Toronto)

11:50 am - 12:05
pm

12:10 pm 12:25 pm

The Effects of Lime/Bittern
Coagulation on treating Tannery
Wastewater
(Abir Hamze, Ryerson University)
Laboratory and field scale
biodegradability assessment of
biocomposite cellphone cases for end
of life management
(H. DILAWAR, University of British
Columbia)

Whole Cell Biofilm Model of
Photodynamic Inactivation
(A. FREIBURGER, University of
Victoria)

Emerging Contaminant PFAS in
Municipal Landfill Leachate
(M. HASNINE, University of
Manitoba)

UV/chlorine and UV/H2O2 comparison:
insights into the path length factor
(T. CHEN, University of Toronto)

Fate of five pharmaceuticals and
personal care products (PPCPs) in
municipal biosolids before and after
alkaline and thermal hydrolysis
treatment
(J. Li, Western University)

12:25 pm - 12:50
pm

Lunch Break

2

Session 3: Energy
Chair: Ahmed Eldyasti
Co-chair: Victoria Onyedibe
Invited Speaker 2
Psychrophilic Anaerobic
Digestion of Complex
Substrates: Insight into the
Start-up
Dr. Noori Saady
Memorial University of
Newfoundland
Modeling Ammonia and
Acetic Acid inhibition in
Anaerobic Digestion
(H. GUO, McMaster
University)
Biomethane Recovery
Potential from Anaerobic
Digestion of Industrial
Organic Wastes: Effect of
Substrate Type and Substrate
to Inoculum Ratio
(Ahmed EL SAYED, Ryerson
University)
Effect of acid pretreated
carbon cloth on anaerobic
digestion of municipal sludge
(V. KUMAR, University of
British Columbia)
Effects of food to
microorganism ratio and
percolate recirculation time
on high-solids anaerobic
digestion of organic solid
waste
(Wafa Dastyar, University of
Alberta)
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Session 4: Wastewater Treatment
Chair: Ahmed Eldyasti
Co-chair: Palash Ranjan Sanyal

12:50pm 1:05pm

1:10 pm - 1:25
pm

1:30 pm - 1:45
pm

Electrolytic treatment of textile biorefractory wastewater: Optimization
using response surface methodology
(A. ASSÉMIAN, Institut National
Polytechnique Houphouët-Boigny
(INP-HB))
Life Cycle Assessment of a
Community-Based Wastewater
Treatment and Resource Recovery
System: Sewage Heat Recovery and
MBR for Water Reuse
(Ludwig Paul B. Cabling, University
of Alberta)
Comprehensive model study on the
competition between PHAaccumulators and non PHAaccumulators during the feast-famine
enrichment
(A. AMER, McMaster University)

Session 5: Wastewater Treatment
Chair: Latif Abdalrhman
Co-chair: Abir Hamze
Quantifying the Effect of Membrane
Pore Size on the Filtration of
Municipal Wastewater Containing
Microplastic Particles

Session 6: Wastewater
Treatment
Chair: Bipro Dhar
Co-chair: Salomeh Chegini

(R. LARUE, McMaster University)

Wastewater carbon
management using Alternating
Activated Adsorption (AAA)
system
(Ahmed Alsayed, York
University)

Simultaneous Nutrients Biological
Removal Biotechnology Using
Intermittent Aeration Mechanism

Development of partial
nitrification using ultra-low
dissolved oxygen
concentrations

(P. IZADI, York University)

(Momen Soliman, York
University)

Secondary treatment of landfill
leachate by vertical treatment
wetlands
(E. Shively, Polytechnique

Effect of Thermochemical Pretreatment on solubilization and
methane production from
TWAS
(Salomeh Chegini, Ryerson
University)

Montréal)

1:45 pm - 2:00
pm

Break 1

3

TH

56 Central CANADIAN SYMPOSIUM ON WATER QUALITY RESEARCH
Day 2: Thursday, March 25, 2021

2:00 pm 2:40 pm

2:45 pm - 3:05
pm

3:05 pm - 3:20
pm

3:25 pm - 3:40
pm

Keynote Speaker (2)

Emerging DBPs: New discoveries, potential risks, and promising solutions
Dr. Susan Richardson, University of South Carolina
Session 8: Water Quality and
Session 7: Water Quality and
Session 9: Wastewater
Treatment
Microplastics
Treatment
Chair: Langping Wu
Chair: Livia Li
Chair: Claire Oswald
Co-chair: Shaghayegh (Shaya)
Co-chair: Basem Zakaria
Co-chair: Sadaf Mehrabi
Goudarzi
Invited Speaker 3
Invited Speaker 5
Plastic contaminants in northern
Too Much of a Good Thing:
Invited Speaker 4
fulmars (Fulmarus glacialis) and
Operational Experience with
Is Granular Filtration System a Way
black-legged kittiwakes (Rissa
Digester Failure and
Forward for a Sustainable Drinking
tridactyla) from the Canadian High
Recovery
Water Treatment Plant?
Arctic
SATINDER K. BRAR AND
DR. ROXANA SÜHRING
DAVE D. ELLIS
PRATIK KUMAR
Ryerson University
Azura Associates
York University
International Waterloo

Microplastics degradation using
hydrolytic enzymes
(A. ELSAYED, McMaster
University)

Efficiency of a bioretention cell for
microplastics removal from
stormwater
(K. SMYTH, University of Toronto)

New Iodine-based Electrochemical
Advanced Oxidation System for
3:45 pm - 4:00 Water Disinfection: Are Disinfection
pm
By-products a Concern?
(C. VERWOLD, University of
Calgary)
4:00 pm - 4:15
pm

Investigating the effect of
anaerobic digestion on
dewatering of pulp and
Long-term trends of flows and total
paper mill biosludge with
phosphorus levels of tributaries in the
region of the Lake Simcoe watershed. Crown-Press dry solids and
water-binding strength
(E. O'CONNOR, LSRCA)
estimation
(Sergio Luna Nino,

Potential Climate Change Impacts on
Boil Water Advisories in Canada
(S. MOGHADDAM-GHADIMI,
York University)

Improving Water Treatment and
Supply Through Ontology-Supported
Asset Management
(M. KATSUMI, University of
Toronto)
Break 2

4

University of Toronto)
Experience with seasonal
characteristics and resource
recovery of source-separated
organics (SSO) from the city
of Toronto
(Amir Lakeh, Ryerson
University)
Co-Digestion of Thermally
Pretreated Thickened Waste
Activated Sludge and Food
Waste
(Amr Ismail, Western
University)
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One Slide 3 Minute Presentations
Chair: Rania Hamza, Co-chair: Sylvie Spraakman
Adsorption of pyrene and trihalomethanes on polyethylene microplastics in aqueous solution
Y. LI, University of Toronto
Predicting Drinking Water Advisories in First Nations Communities Using Artificial Neural Networks
C. LARSON, York University
Combined chemical conditioning anaerobically digested sludge for improvement of dewatering
Umme Hyder, Ryerson University
Biological dephosphatation for the recovery of phosphorus from agro-food wastewater by the aerobic granular
sludge process
M. MORA GUERRERO, École Polytechnique de Montréal
Comparison of Anoxic/Aerobic and Aerobic Sequential Bath Reactors in Textile Wastewater Treatment
A. ALBAHNASAWI, Gebze Technical University, Turkey
Removal of Metformin from Water by Adsorption
4:15 pm - 5:00 M. EYVAZ, Gebze Technical University, Turkey
pm
Investigation of the phototransformation mechanisms of benzotriazole in surface waters using compoundspecific isotope analysis
L. WU, University of Toronto
Removal of Per- and polyfluoroalkyl substances during wastewater treatment
Z ILIEVA, Ryerson University
Development of multilayers Membrane Bioreactors using Carbon Nanotube Blended Nanofibrous via Electrospinning
Process
E JAHAN, York University
Contribution of Hydroxylamine on the Anammox Micro-Granular Bioreactor
P IZADI, York University
Identification and Classification of Microplastic Particles Using Machine Learning Algorithms
S. TAN, University of Toronto
5:00 pm - 5:20
Break 3
pm
5:20 pm - 5:40
Closing remarks, lucky draw, and awards recipient’s announcement
pm
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Keynote Speaker (1)

Dr. Zhiguo Yuan
Professor, Director of the Advanced Water Management Centre,
University of Queensland
Dr. Yuan is a Fellow of the Australian Academy of Technology and Engineering (ATSE) and an IWA
Distinguished Fellow. He was named as one of Engineers Australia’s Top 100 Most Influential Engineers
for 2015. He was appointed a Member of the Order of Australia in 2019.
His research focuses on development of innovative solutions for urban water management. His research
areas include corrosion and odour management in sewers, resource recovery from wastewater and
integrated urban water management. He has published about 450 journal papers including papers in Nature
and Science. He is the founder of three biotechnology businesses namely SeweX, Cloevis and Lodomat. He
received the 2015 ATSE Clunies Ross Award and the International Water Association (IWA) 2014 Global
Project Innovation Award.
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Keynote Speaker (2)

Dr. Susan D. Richardson
Arthur Sease Williams Professor of Chemistry,
Department of Chemistry and Biochemistry, University of South California
Dr. Richardson was a Research Chemist for many years prior at the U.S. EPA. Her research focuses on
drinking water—particularly in the study of toxicologically important disinfection by-products (DBPs).
She is currently President of the American Society for Mass Spectrometry, a recipient of the American
Chemical Society (ACS) Award for Creative Advancements in Environmental Science & Technology, the
ACS. Herty medal, the ACS Southern Chemist Award, AAAS Fellow, and ACS Fellow. She serves as an
Associate Editor for Environmental Science & Technology.
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Invited Speakers

Dr. Dewey Dunnington
Geoscientist, Programmer, Educator
Department of Fisheries and Oceans,
Dalhousie University

Dr. Noori Saady
Assistant Professor
Faculty of Engineering and Applied Science,
Memorial University of Newfoundland

Dr. Navid Saleh
Professor
Department of Civil Engineering
York University

Dr. Roxana Sühring
Assistant Professor
Department of Chemistry and Biology
Ryerson University

Dave D. Ellis
Principal Engineering
Aura Associates International Waterloo
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Abstracts

9

TH

56 Central CANADIAN SYMPOSIUM ON WATER QUALITY
RESEARCH

Keynote Speaker
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Enhancing wastewater sludge management by advanced digestion
DR. ZHIGUO YUAN
Advanced Water Management Center, University of Queensland
Abstract
Large amounts of waste activated sludge is produced in wastewater treatment plants. In most
conventional treatment plants, wasted activated sludge is poorly degradable, resulting in high
sludge handling cost, which represents 20–60% of the overall costs for wastewater treatment,
and low bioenergy recovery.
Our team recently discovered that free nitrous acid (FNA) can effectively lyse bacterial cells and
also break down extracellular polymerase substances in WAS, thus increase the digestibility of
WAS. Based on these fundamental discoveries, we have developed a suite of technologies,
broadly known as the Lodomat technologies, that are able to achieve enhanced sludge reduction
through anaerobic and/or aerobic WAS digestion, and enhanced biogas production in the case of
anaerobic digestion. The technologies require only minor retrofitting of existing plants and incur
insignificant additional operational costs, relative to the benefits created.
The principles of these technologies and the results achieved so far will be covered in this
presentation.
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Emerging DBPs: New discoveries, potential risks, and promising solutions
DR. SUSAN D. RICHARDSON
Department of Chemistry & Biochemistry, University of South Carolina, USA
Abstract
Drinking water disinfection by-products (DBPs) are an unintended consequence of using
chemical disinfectants to kill harmful pathogens in water. DBPs are formed by the reaction of
disinfectants with naturally occurring organic matter, bromide, and iodide, as well as from
anthropogenic pollutants, such as pharmaceuticals and pesticides. DBPs are one of a small
handful of environmental contaminants that have been definitively linked to adverse human
health effects in epidemiologic studies. Several DBPs, such as trihalomethanes (THMs),
haloacetic acids (HAAs), bromate, and chlorite, are regulated in the U.S. and in other countries,
but other “emerging” DBPs, such as iodo-acids, halobenzoquinones, halonitromethanes,
haloamides, halofuranones, and nitrosamines are not widely regulated. This presentation will
provide a state-of-the-science overview of the formation of DBPs, along with new identifications
made using GC- and LC-high resolution-MS, including DBPs formed by domestic and hydraulic
fracturing wastewater impacts. Finally, new research on determining the important drivers of
toxicity in drinking water will be presented, along with promising solutions for improving the
safety of drinking water.
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Session (1): Water Quality and
Treatment
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Machine Learning for Water Management
D.W. DUNNINGTON1*, B.F. TRUEMAN1, W.J. RASEMAN2, L.E. ANDERSON1, G.A.
GAGNON1
1

Centre for Water Resources Studies, Department of Civil & Resource Engineering, Dalhousie
University, 1360 Barrington St., Halifax, NS B3H 4R2, Canada
2
Hazen and Sawyer, 143 Union Blvd, Lakewood CO 80228, United States

Abstract
Data-driven decision making using predictive modeling has long been seen as an opportunity in
water treatment. Many industries have seen widespread adoption of machine learning (ML)
techniques for predictive modeling; however, despite the increased availability of large data sets
collected by supervisory control and data acquisition (SCADA) systems, adoption of ML
techniques in the day-to-day operations of treatment plants appears limited. One barrier to the
adoption of ML techniques for predictive modeling is accessibility: ML techniques are difficult
to understand and difficult to implement compared to linear regression and physically-based
predictive techniques. Potential solutions for limited interpretability of ML-based models include
incorporating existing techniques for variable importance and sensitivity analysis; a potential
solution for limited accessibility of ML-based models is training of operators and managers in
ML techniques. Collectively, we see a future where ML techniques are common in day-to-day
treatment operations. This future is built alongside empowered operators and managers together
with improved tools for understanding the predictions from ML-based models.

14
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Polar organic chemical integrative sampler for compound specific isotope analysis of
substituted chlorobenzenes
S. SUCHANA1*, E. PASSEPORT2
1

Department of Civil & Mineral Engineering, University of Toronto
Department of Civil & Mineral Engineering and Department of Chemical Engineering &
Applied Chemistry, University of Toronto
2

Abstract
Compound specific isotope analysis (CSIA) is now an accepted tool to monitor natural
attenuation and quantify the extent of contaminant degradation in the environment. To date,
CSIA application is limited to heavily contaminated sites due to the high detection limit of
isotope ratio mass spectrometers. This work evaluated the compatibility of polar organic
chemical integrative samplers (POCIS) for CSIA. POCIS are made of a sorbent powder
sandwiched between two polyethersulfone membranes held in place by two stainless steel Orings attached together with three bolts. They are commonly used to preconcentrate low
concentration chemicals, e.g., pharmaceuticals, directly from the field. First, the potential of
POCIS for preconcentrating four substituted chlorobenzenes, i.e., 2-nitrotoluene (2-NT), 4chloronitrobenzene (4-CNB), 3,4-dichloronitrobenzene (3,4-DCNB), and 3,4-dichloroaniline
(3,4-DCA), was evaluated in a 44-day exposure experiment. Second, method-induced carbon
isotope fractionation during POCIS sampling was determined in a 60-day exposure experiment.
The results demonstrated that neither diffusion towards and through the polyethersulfone
membrane and sorbent nor adsorption onto the membrane and sorbent phases resulted in
significant changes in analytes’ carbon isotope signatures (<0.7‰), except for 3,4-DCNB
(1.6‰). In addition, although concentration equilibrium between water and POCIS receiving
phases occurred after 30 days (except for 3,4-DCNB), isotope equilibrium in both the sorbent
and membrane phases occurred after 7 days for most compounds, indicating that POCIS can be
used for CSIA in both kinetic and equilibrium sampling regimes. Results also suggested that one
POCIS alone can accumulate the target analytes for CSIA at concentrations down to 1-10 μg/L,
which would require at least 10 L of water extraction using the conventional solid-phase
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extraction method. Moreover, POCIS could potentially be used for CSIA at ng/L concentration
range when multiple POCIS are combined, or additional sorbent mass is added to the sampler.
This work opens a new avenue for CSIA in low concentration environments, e.g., rivers,
wastewater treatment plants, constructed wetlands, and long-term remediation sites without
extracting large volumes of water. Because POCIS is specifically designed for polar compounds,
this work also enables the application of CSIA to the thousands of polar emerging contaminants
present in the environment, such as pesticides, pharmaceuticals, and flame retardants.

* Presenting author, shamsunnahar.suchana@mail.utoronto.ca
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Recovery of Rare Earth Elements from Aqueous Solution Using Algal Biomass
N. CARUNUNGAN 1*, M. ZAK 1, V. PAPANGELAKIS 1, D. ALLEN 1
1

Department of Chemical Engineering and Applied Chemistry, University of Toronto

Abstract
Over the past 20 years, biosorption, the 2-step process of adsorption and desorption of metallic
cations from biomass, has been proposed as a technological candidate for the recovery of rare
earth elements from aqueous waste streams. Despite much interest, only adsorption has been
studied in-depth in published studies to date. To address this shortcoming, this study sought to
identify a best eluent for desorption for the recovery of La3+ from aqueous solution using
suspended-growth algae species Euglena mutabilis. Candidate eluent types were selected based
on theoretical desorption mechanisms and eluent concentrations were experimentally determined
based on maximum tolerance limits of E. mutabilis upon exposure to chosen eluents. A 3-stage
experimental design seeking to study (1) percent recovery, (2) biosorbent reusability, and (3)
desorption kinetics qualified specific aspects of desorption of most interest. A review of the
literature showed that HCl, NaCl, and EDTA were suitable as eluents based on previous
demonstrated successes. Tolerance experiments showed that concentrations of 0.03 M HCl, 0.5
M NaCl, and 0.1 M EDTA did not affect E. mutabilis adversely; these eluents were chosen for
this study. Results from Stage 1 of this study showed that 0.03 M HCl and 0.1 M EDTA
performed well, consistently eluting approximately 70% of adsorbed La3+. 0.5 M NaCl
performed poorly, eluting only approximately 5% of adsorbed La3+. Based on these results, 0.03
M HCl and 0.1 M EDTA were selected to move on to Stages 2 and 3 of the study. Results from
Stage 2 showed that while it was possible to reuse E. mutabilis over 3 runs using 0.03 M HCl
and 0.1 M EDTA with percent recoveries remaining consistent in the range of 55% to 85%,
equilibrium adsorption capacities dropped drastically by 84% and 89% for each eluent
respectively. It was also observed that used E. mutabilis could not be regrown in fresh media;
cells could only be preserved for an extended period of time through refrigeration at 4.5°C.
Results from Stage 3 showed that both eluents followed various kinetic models including the
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pseudo-first, pseudo-second, and Elovich models. Times to equilibrium for 0.03 M HCl and 0.1
M EDTA were similar at 15 and 20 minutes respectively.

*

Presenting author, nicolas.carunungan@mail.utoronto.ca
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Whole Cell Biofilm Model of photodynamic inactivation
A. FREIBURGER 1*, H. BUCKLEY 1, E. CHAN 2
1
2

University of Victoria
High School

Abstract
Microorganisms are among the greatest concerns of society. Infectious microorganisms cause
myriad chronic diseases and acute illnesses, and environmental microorganisms cause biofouling
of aquatic surfaces. Antimicrobial chemicals are conventionally used after
coagulation\\flocculation processes in water treatment for inactivating troublesome
microorganisms, although, chemical treatments minimally affect established biofilms, introduce
toxic residues to the environment or to the consumer, and permit the evolution of antibacterial
resistance. Photodynamic inactivation (PDI) is an alternative antimicrobial treatment. PDI is the
process of generating antibiotic oxygen through irradiation, which mitigates the aforementioned
disadvantages of chemical treatments whilst being equally effective. PDI has efficaciously
inactivated planktonic microorganisms in low-resource water treatment systems via solar
irradiation of NOM and hydrophobic particles, although, PDI has never been reported as a
preventative means in water filtration polymers. The development of an anti-biofouling material
for water filtration through PDI would be expedited by a predictive model that can guide
experimental design toward successful results. A simulation of a PDI antibacterial filtration
membrane is being created. The simulation incorporates a user-defined solution above a PDI
material, where bacteria in planktonic and biofilm phases are inactivated by the antibiotic
oxygen. The model will be trained and validated with experimental literature and experimental
bacterial assays in our research group. The validated simulation will perform sensitivity analyses
of experimental variables like irradiation intensity, will determine the applicable range of
bacterial efficacy for the materials, and will further reveal the biochemical mechanics of PDI
inactivation. This simulation is the first to describe a PDI antibacterial system and is the first
reported model of a biofilm with rigorous biochemical accuracy from a molecular level. This
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rigorous simulation will become increasingly valuable as antibiotic resistance worsens. This
simulation will aid water engineers in developing a PDI antibacterial technology through the
coalescence of chemistry, fluid mechanics, physics, and biology. The creation of anti-biofouling
water filtration polymers would introduce a means of water treatment that befits a sustainable
society of the 21st century.

*

Presenting author, afreiburger@uvic.ca
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UV/chlorine and UV/H2O2 comparison: insights into the path length factor
T. CHEN 1*, C. WANG 1, S. ANDREWS 1, R. HOFMANN 1
1

University of Toronto

Abstract
UV/chlorine advanced oxidation has been proposed as an alternative to UV/H2O2 as an
advanced oxidation process (AOP) in drinking water treatment, water reuse, or ground water
replenishment. These two processes perform differently under various conditions, due to the
differences in the photochemical and chemical characteristics of the two oxidants. The operation
of the two processes in a treatment plant may also differ; for example, H2O2 needs to be
quenched and UV/chlorine may be more energy efficient. Furthermore, while most comparative
studies have been conducted at bench scale, the relative effectiveness of UV/chlorine to
UV/H2O2 at full scale may be different due to some factors such as UV reactor size, water
quality, and hydraulic conditions. Among these factors, the difference in the UV light path length
can also partly contribute to differences in the relative competitiveness of the two UV AOPs at
different scales of operation. Therefore, this study intends to summarize the comparisons
between UV/chlorine and UV/H2O2 considering factors such as UV wavelength, water pH,
oxidant dose, water matrix, target contaminant, and operation scale. In particular, comparison of
the two UV AOPs at different scales by examining the path length factor was investigated
through both simulations and experiments. Simulations showed that the competition between
water matrix and H2O2 for short-wavelength UV photons and the strong absorption by chlorine
at longer wavelengths (around 290 nm where water matrix shows negligible absorption) leads to
an increase in the effectiveness of polychromatic UV/chlorine relative to UV/H2O2 at long path
lengths. For monochromatic UV light at 254 nm, an opposite but smaller trend was observed and
the relative effectiveness of UV/chlorine to UV/H2O2 decreased with increasing path length.
Experimental results successfully confirmed the path length effect. The performance of
polychromatic UV/chlorine relative to UV/H2O2 increased by 150% and 42% for caffeine and
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sucralose degradation when the path length was increased from 2 to 30 cm. This work
summarized current comparative studies between UV/chlorine and UV/H2O2 and demonstrates
that, due to the difference in UV light path length, laboratory experiments reporting the relative
performance of UV/chlorine to UV/H2O2 may inaccurately predict full-scale performance.

*
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Performance of an industrial wastewater treatment plant receiving wastewaters from
various sources
M. HAMODA 1*, M. ABDULLA 2
1
2

Civil Engineering Department, Kuwait University
Graduate Student, Environmental Science Graduate Program, Kuwait University

Abstract
This study evaluated the performance of "WAFRA" industrial wastewater treatment plant in the
state of Kuwait which is owned by the Industrial Public Authority while operated by the National
Cleaning Company on Contract basis.. This plant was commissioned in 2016 and currently
receives an average of 15,000 m3/d of mixed industrial wastes with expansion to 30,000 m3/d in
the year 2021. It receives a variety of industrial effluents transported by tankers to the plant
where the receiving facility quickly checks the pH and heavy metals content of the wastewater
before being accepted , on pay as you discharge fares calculated on wastewater volume basis.
The wastewaters received include effluents from food and beverage industries, bakeries and
slaughtering companies, chicken and poultry rendering plants, as well as petroleum and
petrochemical industrial facilities, steel industry, and paper manufacturing factories. With such a
variety of wastewaters, the plant comprises different treatment units arranged in stages such as
preliminary(screening and grit removal), primary (DAF and chemical precipitation using ferric
chloride and polymers), secondary (Activated Sludge process and secondary clarifiers), and
tertiary filtration. The final effluent is reused for Landscape irrigation and industrial cooling. In
this study operational and performance data were obtained from the contracted company records
for three years from 2017 to 2019 and included several parameters .The data were statistically
analyzed using the SPSS software package. Results obtained showed high removal efficiencies
for several parameters. In particular the overall COD removal efficiency ranged between 96.7 to
98.3 %. Histograms of output performance data showed mostly normal distribution although the
input data showed skewed distribution.Descriptive statistics showed low variability in the output
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water quality of the treated effluent in spite of the considerable variations in the influent input
water quality parameters. The final effluent satisfied the criteria for reuse in landscape irrigation
set by Kuwait's EPA. Measurements and control of pH and conductivity of the wastewater along
the treatment units proved to be effective. The combined chemical and waste activated sludge
biosolids are dewatered in 6 sludge drying beds in the plant operated in an alternating schedule
for a detention time of one week in each bed. The dried sludge is transported to a nearby
municipal WWTP for further treatment and disposal. Models were developed to describe
performance of the plant.
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The Effects of Lime/Bittern Coagulation on treating Tannery Wastewatertional and
Biological Treatment for the Removal of Microplastics from Drinking Water
G. AYOUB 1, M. EL-HINDI 2, A. HAMZE 3*
1

The American University of Beirut (AUB)
American University of Beirut (AUB)
3
Ryerson University
2

Abstract
A laboratory-scale study was conducted to determine the removal efficiencies of nine
contaminants from tannery wastewater through physicochemical processes. Coagulation–
flocculation using bittern as a coagulant, oxidation-utilizing ozone, and adsorption using
activated carbon were applied separately and in different sequences. Jar tests were utilized to
conduct the experimental work. Except for arsenic, the highest removal efficiencies were
recorded when coagulation/flocculation was conducted on the alkalized samples using a bittern
dose of 5 mL/L. Activated carbon adsorption improved the removal efficiencies of several
contaminants. The coagulation/flocculation–adsorption sequence using the optimum dose of 5
mL/L of bittern resulted in high removal efficiencies for total suspended solids (TSS) (97 % ± 1),
apparent color (100 % ± 0), turbidity (97 % ± 1), total nitrogen (86 % ± 1), and chromium (100
% ± 0). On the other hand, the same sequence resulted in moderate removal efficiencies for
chemical oxygen demand (COD) (72 % ± 7) and total phosphorus (74 % ± 5) and relatively low
removals for biochemical oxygen demand (BOD) (55 % ± 10) and arsenic (42 % ± 14). The
removal efficiencies for the different tested sequences demonstrated that each sequence did
improve the removal efficiencies for most of the parameters tested and consequently, the quality
of tannery effluent.
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Presenting author, abir.hamze@ryerson.ca
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Laboratory and field scale biodegradability assessment of biocomposite cellphone cases for
end of life management
H. DILAWAR 1*, C. ESKICIOGLU 1
1

UBC Bioreactor Technology Group, School of Engineering, The University of British Columbia,
Okanagan Campus
Abstract
Nowadays, fossil-based plastics are commonly used due to their beneficial features, such as high
durability and flexibility as well as being inexpensive. Unfortunately, the plastics also have a low
biodegradability and tend to accumulate in landfills, terrestrial, and aquatic environments. Thus,
biobased plastics have been created as an alternative to the fossil fuel based plastics. The
increase in production of biobased plastics has created the need for studies to assess their
biodegradation under various conditions. In our case, the biodegradability of cellphone cases
with flax was determined under laboratory scale anaerobic (38°C) and composting assays (58°C)
as well as under field scale (60-67°C) composting conditions. The laboratory scale composting
assays was conducted for 46 days (under ASTM D5338-15) using microcrystalline cellulose and
cellphone cases with dimensions of 7 × 3.5 × 0.2 and 4.6 × 3.5 × 0.2 cm. The biodegradation of
the cellphone cases cut into 7 × 3.5 × 0.2 cm and 4.6 × 3.5 × 0.2 cm pieces was 20 ± 8% and 21
± 13%, respectively. The field scale composting conditions achieved 55 ± 8 % weight loss of
cellphone cases in 80 days; however, disintegration did not correspond to biodegradation levels
observed from lab scale assays from carbon dioxide production. The mineralization is an
important part of the biodegradation process, but it does not mean microbial consumption of the
products. During initial anaerobic assay optimization, microcrystalline cellulose was used as a
positive control and three different anaerobic seed (inocula) originated from full-scale anaerobic
sludge digesters (mesophilic 1, mesophilic 2, and thermophilic) were assessed. Mesophilic
inoculum 2 and thermophilic inoculum had the highest microcrystalline cellulose degradation of
80%, and 77% by day 22 and 19, respectively. A range of food to microorganism ratios (0.5-5 g
chemical oxygen demand (COD)/ g volatile solids (VS)) for the microcrystalline cellulose was
tested. It was determined that 0.5 g COD/ g VS of inoculum was the optimal food to
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microorganism ratio to yield the highest methane production. The subsequent anaerobic
biodegradation assays contained three different sized cellphone cases conducted under
mesophilic conditions (grinded, cut into 2 × 2 × 0.2, and 4 × 4 × 0.2 cm pieces) for 169 days.
The size of cellphone cases did not cause a significant difference in biodegradation under
anaerobic conditions. The cellphone cases under mesophilic anaerobic digestion conditions
achieved 8% biodegradation, which was significantly lower than that of composting. The results
agree with literature stating that aerobic microbial processes are more effective to break down
complex substrates (similar to cellphone cases) than their anaerobic counterparts. Lastly, the
results indicated that the degradation of the cellphone cases under composting and anaerobic
conditions was not as high as other bioplastics. An alternative option would be to recycle the
cellphone cases instead of composting them. Moreover, it is recommended to conduct assays
under aquatic conditions to determine the biodegradation percentage resulting from the
microorganisms that are naturally present on the cellphone cases.
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Presenting author, dilawarhina@hotmail.com
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Emerging Contaminant PFAS in Municipal Landfill Leachate
M. HASNINE 1*, Q. YUAN 1
1

Environmental Engineering Program, Department of Civil Engineering, University of
Manitoba, Canada
Abstract
Per- and Polyfluroalkyl substances (PFAS) are a group of synthetic chemicals; has become a
major source of concern because of their unique properties and ability of biomagnification
through the food chain. PFAS have been extensively detected in municipal landfills because of
their widely use in various applications such as in different cosmetic products, non-stick
cookware, firefighting foams, and packaging containing PFAS etc. Degradation of PFASs
creates challenges due to hydrophobicity, strong Carbon fluorine bonds and elevated
electronegativity of fluorine. There is lack of information regarding the distribution and
transformation of different PFAS in waste landfills, plus the existing treatment technologies are
not that much effective for removing PFAS from leachates. As a part of treatment process, most
of the time leachates from the lined landfills are collected and sent to wastewater treatment
plants (WWTPs) before final disposal in surface water bodies. But wastewater treatment plants
are not equipped to remove PFAS substances, instead are acting as secondary sources of PFASs
which contaminate the soil, ground water, aquatic environment and create serious health hazard
to humans and ecosystems. Hence, knowing the concentration of PFASs in leachates and their
proper management is essential. The main purpose of this review is to provide an overview of
PFASs in leachate including major factor identification that affects PFAS and global variation of
PFAS in leachates. However, different treatment technologies such as adsorption, Membrane
filtration, photochemical degradation, and Electrochemical advanced oxidation along with other
treatment methods are discussed for removing PFAS in leachates. Major research gaps will be
identified and future studies regarding PFASs in leachate is also recommended at the end of the
study. This review demonstrates the need of effective treatment options for PFASs in leachate
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and for better management of PFAS containing waste that will lead to improved decision making
and for reducing the risks for human and to protect the environment.

*

Presenting author, hasninmt@myumanitoba.ca

30

TH

56 Central CANADIAN SYMPOSIUM ON WATER QUALITY
RESEARCH
Fate of five pharmaceuticals and personal care products (PPCPs) in municipal biosolids
before and after alkaline and thermal hydrolysis treatment
J. LI 1*, M. RAY 1, M. DAGNEW 1
1

Western University

Abstract
Pharmaceuticals and personal care products (PPCPs) are commonly found in the natural
environment globally. Although, a majority of PPCPs present in the aquatic environment is
owing to effluents discharged directly from wastewater treatment plants (WWTP), a significant
fraction of hydrophobic compounds with high octanol-water partitions (Kow) into sludge and
biosolids at WWTP. Stabilized biosolids from WWTP is a recyclable and valuable source used
for land application and agriculture. However, the presence of PPCPs in biosolids is a major
concern for their application owing to their negative effects on the ecosystem. Among many
treatment methods, thermo-alkaline hydrolysis (TAH) is successfully applied for greater
stabilization of biosolids and odor removal after anaerobic digestion. However, limited data exist
on the effect of TAH processes on PPCPs in biosolids. In this work, the presence and fate of
selected PPCPs including ciprofloxacin (CIP), and ofloxacin (OFLX), miconazole (MIC),
triclosan (TCS), and triclocarban (TCC) were investigated before and after treatment. These
PPCPs are typically presented as trace amount in natural system, detection become challenges.
Thus, the first step of this work is developing an extraction and analysis method of PPCPs,
extraction using hydrophilic-lipophilic balance (HLB) SPE cartridges activated with methanol
and acetone, conditioning with acidic water, diluted with methanol/acetone, and washed with
hexane. Extracts were filtered through a 0.22 µm PTFE filter into 2 mL amber vials and stored at
-4 °C for LC-MS analysis. The target compounds were analyzed using a Thermo Q-Exactive
Orbitrap mass spectrometer coupled to an Agilent 1290 HPLC. Chromatographic separation was
performed using an Agilent Zorbax EclipsePlus RRHD C18 column. The mobile phase consisted
of 0.1% formic acid in water solution (A) and 0.1% formic acid in acetonitrile (B). The detected
method was suitable for selected PPCPs with recovery range from 41% to 100%, lower recovery
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occurred for CIP in solid phase may be due to matrix complexity and strong partition. The
instrumental limits of detection (LOD) and quantification (LOQ) ranged from 0.5-2 ng/mL and
5-10 ng/mL, respectively, with a correlation coefficient greater than 0.99. These compounds
were detected in the range of 54 ±3 to 6166 ± 532 ng/g in biosolids from a local WWTP, and the
degradation of these compounds due to TAH treatment (pH 9.5, 75 C, 45 min), ranged from
42%-99% and 37%-41% in pure water and biosolids, respectively. Furthermore, fluoroquinolone
compounds showed significantly lower degradation due to their structural stability. This work
indicated TAH is an effective process to remove PPCPs in biosolids. Further research is being
conducted to investigate the ability of TAH to enhance biodegradation of PPCPs in sludge during
anaerobic digestion.
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Psychrophilic Anaerobic Digestion of Complex Substrates: Insight into the Start-up
Dr. Noori Saady
Department of Civil Engineering, Memorial University, St. John’s, NL, Canada
Abstract
Problem statement: Microbial culture adaptation to the substrate, operation, and environmental
conditions during anaerobic digestion is vital to the success of the digester. However,
adaptation is seldom investigated.
Objectives: Investigating the early stage of the microbial culture’s adaptation at psychrophilic
condition (20 ºC) and complex substrates (dairy manure and grass silage) at increasing
organic loading rate (OLR; 1.0-5.0 g VS/L) in batch reactors.
Methodology: A series of batch reactors have been operated at an increasing organic loading
rate (from feeding manure only or manure and grass silage) and were monitored for methane
yield, kinetics parameters using three kinetics models (first-order, modified Gompertz, and
Cone models), and microbial community analysis using a high-resolution molecular biology
method.
Results and Discussion: kinetically, the first-order, modified Gompertz, and Cone models
demonstrated that the inoculum degraded the substrates and produced biogas at its early stage
of adaptation. The relationship between the methane yield and the organic loading rate was
different from the mono-digestion of dairy manure and co-digestion of dairy manure and grass
silage. The methane yield from mono-digestion of dairy manure was higher at lower organic
loading rates, whereas in co-digestion of dairy manure and grass silage the trend was the
opposite. The microbial community analysis showed that the Bacteroidetes phylum
dominated in the culture (30 to 50%); this suggests that the inoculum was capable of
degrading and fermenting the organics in the complex substrates (dairy manure and grass
silage). Increasing the organic loading rate from 1.0 to 5.0 g VS/L increased the relative
abundance of Bacteroidetes in the digesters fed only dairy manure by 12.4%; however, it
decreased by 9.8% in the digesters fed dairy manure and grass silage. Generally, the complex
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substrate (dairy manure) increased the cultural diversity, measured by Shannon Index,
compared to the original culture (inoculum) (Shannon Index = 1.65, 1.12, respectively).
Shannon Index increased with the organic loading rate in dairy manure-fed samples, whereas
it decreased with the increase in the organic loading rate in the case of co-digestion of dairy
manure and grass silage.
Conclusions: The first-order kinetic and Cone models are more accurate in predicting the
methane yield from mono-digestion of dairy manure, while their accuracy decreased when
they were applied to the results of co-digestion of dairy manure and grass silage. However,
the modified Gompertz model predicted the results of both mono-digestion and co-digestion
with the same order of accuracy. Bacteroidetes phylum is important during the startup and
adaptation of the microbial culture in the psychrophilic anaerobic digestion of complex
substrates.
Recommendations: Further work is required to investigate the impact of the reactor
configuration on the adaptation of the microbial culture during psychrophilic anaerobic
digestion.
*

Presenting author, nsaady@mun.ca
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Modeling Ammonia and Acetic Acid inhibition in Anaerobic Digestion
H. GUO 1*, S. FERNANDES 2, Y. KIM 1
1
2

Mcmaster University
McMaster University

Abstract
Anaerobic digestion (AD) is an essential wastewater treatment method for energy recovery and
sludge management. In AD processes, organic matters are converted to methane and carbon
dioxide with multiple biological reactions. The formation of methane by methanogens (i.e.,
methanogenesis) is an important indicator of AD stability. Many factors, such as pH, inorganic
nitrogen, hydrogen gas, ammonia, and VFAs, govern the performance of methanogenesis in AD.
Although many studies reported the toxicity of ammonia on methanogens, there is still limited
understanding on the inhibition of ammonia on hydrogenotrophic methanogenesis and the
inhibition of ammonia in AD. In addition, the acetic acid inhibition needs to be implemented in
AD model since acetic acid accumulation can change pH and affect the methanogenic activity.
Therefore, ammonia and acetic acid inhibitions in AD with high solids wastewater were
investigated in this study. ADM1 with various ammonia and acetic acid inhibition kinetics was
modified and built to translate lab-scale experimental results on methane production. The
experiments were carried out according to the biochemical methane production (BMP) test. Labscale anaerobic batch reactors were operated at a mesophilic temperature of 37.5 ℃ for 28 days.
The initial acetate concentration in the BMP tests were 0, 20, and 40 g-COD/L while the added
ammonia concentrations were 0 and 4 g-N/L. For the BMP tests with the ammonia concentration
of 4 g-N/L, the effects of pH on ammonia inhibition were studied by change the fraction of
ammonium chloride and ammonium hydroxide. The biogas from the AD reactors was collected
and analyzed to measure the methane production rate. Ammonia was found to have a minor
negative impact on methane production with a concentration of 4 g-N/L at neutral pH conditions.
However, a significant decrease in methane production was observed when the initial pH was
increased to 8.9. Similar methane production was shown in the BMP tests with 0 and 20 g-
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COD/L of acetate while 40 g-COD/L of acetate reduced methane production by 60%. The
modified AD model reliably simulated the experimental results. In addition, the sensitivity
analysis was conducted to quantify the degree of inhibitions by free ammonia, acetate, and acetic
acid on individual microbial activities in AMD1.
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Biomethane Recovery Potential From Anaerobic Digestion of Industrial Organic Wastes:
Effect of Substrate Type and Substrate to Inoculum Ratio
A. EL SAYED 1*, A. RABII 1, R. HAMZA 1, E. ELBESHBISHY 1
1

Ryerson University

Abstract
In the recent decades, the rate of waste disposal had increased significantly due to both
urbanization and industrialization. In 2011 alone, nearly 1.3 billion tons of industrial wastes were
generated globally and disposed into landfills which contributed significantly in green-house gas
(GHG) emission. Several research studies had indicated that industrial organic wastes could act
as promising candidate substrate for anaerobic digestion (AD) treatment. Based on the type of
substrate and concentration, AD treatment of industrial waste could provide a wide range of
value-added products including biomethane, bioethanol or biofuel, and volatile fatty acids
(VFAs). In this paper, the biomethane generation potential of different industrial organic wastes
were investigated and compared using biochemical methane potential (BMP) assaying
techniques under mesophilic conditions. A total of five different industrial feedstocks were
selected that were known for their high organic and biodegradable content such as food
processing from grease trap, diary processing, and pulp and paper milling wastes. Two candidate
substrates from food processing grease trap and dairy industry were used for this investigation
including mixed bakery processing and kitchen waste (BP+KW), FOG, UF whey permeate (both
liquid and powdered forms), dried pulp and paper mill sludge. The substrates were added to seed
inoculum at food-to- microorganism (F/M) ratios of 1, 2, 4, and 6 for each substrate to
investigate the ultimate methane production capacity based on the concentration and substrate
type. Experimental analysis had found that FOG produced the maximum biomethane yield of
336 mL CH4/g TCOD added (or 459 ± 21 mL CH4/g VS added) at F/M=1. Lipid-rich substrates
tended to generate higher methane yield compared to both protein and carbohydrate-rich
feedstocks. For future research, methane generation could be further optimized through
investigating pre-treatment methods for industrial feedstocks to maximize biomethane generation
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potential. Keywords: Anaerobic digestion, biomethane, food processing waste, FOG, whey
permeate, pulp and paper mill sludge. *Presenting author, email: ahmed.el@ryerson.ca
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Effect of acid pretreated carbon cloth on anaerobic digestion of municipal sludge
V. KUMAR 1*, C. ESKICIOGLU 1
1

The University of British Columbia Okanagan

Abstract
Anaerobic digestion (AD) is a widely used technology for the biodegradation of high organic
strength waste streams such as municipal sludge. Although AD technology is very mature, there
are still many possibilities to optimize the whole process and thus improve its economy and
continued relevance in various sectors. Several process difficulties frequently encountered when
dealing with complex residues, low volatile fatty acids assimilation, long solid retention time
(SRT), and inhibitory conditions that limit the AD process. The use of different types of supports
to immobilize microorganisms, in particular methanogens, in the digester to improve the
robustness of the process has received much attention in research. One such promising material
is carbon cloth (CC). The conductive properties of CC promote the microbial adhesion that
improves the process stability. Besides, CC appears to be advantageous as it can be sustained in
the reactor without loss due to washout. The two-step activation (acid pretreatment
(H2SO4/HNO3) + carbonization (at 550℃)) improves the catalytic properties of CC by
improving the surface area and porosity. The aim of the study was therefore to assess the effect
of two-step activation on the methane production rate improvement. The study also assesses the
impact of different dosing rates of CC on methane improvement rate and process stability. The
results obtained show that the activated CC (A-CC) considerably improves the rate of methane
production to 3.2 times compared to the control in 10 days at a dosage rate of 0.6 g A-CC. The
optimal dosage for untreated CC (U-CC) was 1.20 g (~17 g/L of liquid volume (Vr)), compared
with only 0.20 g of A-CC (~3 g/L of Vr) to achieve a similar effect (~2.4 times increment). The
results of the FTIR, BET, XRD and biokinetics models also support the usability of A-CC. The
BET surface area of A-CC was improved to 378.67 m2/g as compared to the U-CC. The total
single-point adsorption pore volume of the pores in A-CC samples was 0.219341 cm3/g
compared to that of U-CC was 0.001190 cm3/g. It can be extrapolated that the two-step
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activation of CC significantly reduces the dose of CC required to achieve higher methane yields.
In addition, the results of the physicochemical characterization CC affirm that the two-step
activation considerably improves the biocompatibility of CC and thus improves the overall yield
of methane.
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Effects of food to microorganism ratio and percolate recirculation time on high-solids
anaerobic digestion of organic solid waste
W. DASTYAR1*, S. M. MIRSOLEIMANI-AZIZI1, M. DHADWAL1, B.R. DHAR1

1

Civil and Environmental Engineering, University of Alberta, 116 Street NW, Edmonton, AB

T6G 1H9, Canada

Abstract
In recent years, significant efforts have been dedicated for boosting biomethane recovery
from the wet type anaerobic digestion, while limited studies have thoroughly investigated the
parameters affecting high-solids anaerobic digestion (HSAD) of organic fraction of municipal
solid waste (OFMSW). In this work, the impacts of two operating parameters, i.e., food to
microorganism (F:M) ratio and percolate recirculation time (PRT), on the performance of HSAD
processing OFMSW were explored. Six mesophilic HSAD systems were operated with dissimilar
F:M ratios and PRTs ranging between 1 – 3 kg VSOFMSW/kg VSInoculumn and 1.5 h – 3.5 h,
respectively. After 30 days of operation, the net cumulative biomethane yield obtained from the
reactor with the F:M ratio of 1 is 30% and %156 higher than the systems with F:M ratios of 2 and
3 (531 vs. 408 and 207 L CH4/kg VS), respectively. However, the other three reactors operated
under different PRTs produce similar net biomethane yields of ~420 L CH4/kg VS. The results
reveal considerable accumulations of volatile fatty acids, ammonium, and free ammonia nitrogen
when the F:M ratio increases to 3. Finally, the F:M ratio of 2 and PRT of 1.5 hr/d are determined
as optimum operating conditions due to higher biomethane yield, less clogging, and lower energy
consumption.
Keywords: High-solids anaerobic digestion; Food to microorganism ratio; Percolate recirculation
time; Organic fraction of municipal solid waste; Biomethane production.
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Electrolytic treatment of textile bio-refractory wastewater: Optimization using response
surface methodology
A. ASSÉMIAN 1*
1

Institut National Polytechnique Houphouët-Boigny (INP-HB)

Abstract
The discharge of textile industries wastewaters into waterbodies remains a constant threat for
environment because of environmental and health risks it exposes to. Through this study, we aim
to optimize Textile Bio-refractory Wastewater (TBW) treatment by electrocoagulation (EC)
process. EC is recognize today as a simple, effective, accessible and above all more eco-friendly
electro-technology than some conventional methods1. So, EC runs were carried out in batch
mode using an electrolytic cell equipped with iron electrodes, in parallel monopolar (MPP)
configuration. TBW’s characterization has revealed a low biodegradability index value
(BOD5/COD = 0.02). Optimization of the treatment was done using Response surface
methodology (RSM) which is a powerful statistical-based technique to study complex processes
2. In this perspective, factorial experimental design (FD: 2k=3) was used to determine the
influent parameters on textile pollutants removal. Electrolysis time (X1) and Current intensity
(X2) were the main influential parameters with a cumulative contribution superior to 94 % for
each of the three responses studied (turbidity, COD, Absorbance). But, interactions and pH
contributions are almost negligible (< 4% for pH). Afterwards, a central composite design (CCD)
has been used to determine optimal conditions that maximize simultaneously all responses.
Experimental results predicted by RSM model (99.95 % of Turbidity; 78.87 % of COD; 84.91 %
Absorbance) under optimal conditions (75 min; 2.61 A and pH = 6.83) were close to the
theoretical ones. EC process operated under optimal conditions involves a total cost of 4.95 US$/
m3 of treated TBW including chemicals, energy and electrode consumption. These results
obtained at laboratory scale were used as the basis for the design of a mobile prototype for
electrolytic decontamination of industrial wastewater. The prototype designed as part of a
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research and development project was installed on the site of a partner company. It is currently
being optimized.
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Life Cycle Assessment of a Community-Based Wastewater Treatment and Resource
Recovery System: Sewage Heat Recovery and MBR for Water Reuse
L.P.B. CABLING1*, Y. KOBAYASHI2, E.G.R. DAVIES1, N.J. ASHBOLT3, Y. LIU1

1

Department of Civil and Environmental Engineering, University of Alberta, Edmonton, AB T6G
1H9, Canada
2
Department of Agricultural Sciences, University of Helsinki, 00100 Helsinki, Finland
2
School of Public Health, University of Alberta, Edmonton, AB T6G 2G7, Canada
Abstract
Municipal sewage contains significant embedded resources in the form of chemical and thermal
energy. Recent developments in sustainable technology have pushed for the integration of
resource recovery from household wastewater to achieve net zero energy consumption and
carbon neutral communities. Sewage heat recovery and fit-for-purpose water reuse are options to
optimize the resource recovery potential of municipal wastewater. This study presents a
comparative life cycle assessment (LCA) focused on global warming potential (GWP),
eutrophication potential (EUP), and human health – carcinogenic potential (HHCP) of an
integrated sewage heat recovery and water reuse system for a hypothetical community of 30,000
people. Three scenarios were evaluated: business-as-usual, district energy system (sewage heat
recovery), and district energy system with fit-for-purpose water reuse (using membrane
bioreactor for on-site wastewater treatment) (Table 1). Three combinations of water use
applications were also assigned consisting of volumes for irrigation, toilet flush water, and
clothes washing. OpenLCA was used to conduct the LCA with inventory data collected from
Ecoinvent based on the configurations of existing sewage heat recovery and MBR treatment
systems. The Tool for Reduction and Assessment of Chemicals and Other Environmental Inputs
(TRACI) impact methodology was used to represent environmental implications specific to the
North American context.
The results of the study showed that conventional space and water heating components
generally demonstrated the highest GWP contribution between the different system components
evaluated. Sewage heat recovery-based district heating offered better environmental performance
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overall. Lower impact contributions were demonstrated by scenarios with membrane bioreactor
(MBR)/chlorination prior to water reuse applications compared to scenarios that use traditional
water and wastewater treatment technologies and discharge. The sensitivity analysis of the study
offered insights on ideal opportunities to increase environmental performance of the associated
technologies based on alternative/future electricity mixes. At its largest, a reduction of over 90%
in GWP can be achieved under a renewable electricity mix when considering sewage heat
recovery with on-site MBR treatment compared to the business-as-usual.
In all, the LCA findings show that integrating MBR wastewater treatment and water
reuse to a district heating schema may provide additional environmental savings at a community
scale. Based on the minimum household greenhouse gas emissions per capita in Alberta, which
was estimated at 3.9-4.5 t in 2016, a reduction of over 13-16% kg CO2/PE/year can be achieved
with an integrated sewage heat recovery and MBR scenario with fit-for-purpose water reuse
compared to business-as-usual.
Table 1. LCA Study scenario types
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Comprehensive model study on the competition between PHA-accumulators and non PHAaccumulators during the feast-famine enrichment
A. AMER 1*, Y. KIM 2
1
2

PhD candidate
PhD, associate professor, civil engineering department, McMaster University

Abstract
Polyhydroxyalkanoates (PHAs) are a promising bioplastic material that is considered sustainable
substitutions for petrochemical plastics because of their biodegradability. Currently, commercial
PHA production utilizes pure microbial cultures that require the usage of expensive organic
substrates under strict sterilized processes. Mixed culture enrichments provide a sustainable
alternative to PHA production since inexpensive waste feedstocks can be used. The feast-famine
feeding strategy is commonly used to enrich PHA-accumulators in a mixed culture solution. The
external carbon source is provided in excess in the feast stage and not available in the famine
stage. PHA-accumulators store carbon sources as internal storage products (i.e., PHA) in the
feast stage and grow on the stored PHA in the famine stage, which provides PHA-accumulators
with a competitive advantage over other heterotrophs. The enrichment of PHA-accumulators
depends on many operational factors such as cycle length, solid retention time, carbon to
nitrogen ratio, and temperature. Numerical models are necessary to design and predict the
performance of large-scale PHA production systems from mixed cultures. Many of the reported
models in literature were developed for PHA production by pure cultures or enriched mixed
cultures with limited microbial diversity. In this study, we developed a comprehensive
mathematical model that includes more diverse microbial communities including multiple PHAaccumulators (XPA) and non PHA-accumulators (XH) to simulate more realistic competition in
the feast-famine enrichment strategy. Biological reactions are described in our model, such as the
growth of XH and XPA on organic substrates, PHA storage, growth of XPA on stored PHA, cell
maintenance, slowly biodegradable solids hydrolysis, and decay of individual microorganisms.
The model was calibrated and validated to estimate the stoichiometric coefficients by comparing
model simulations with published experimental data. Model parameter sensitivity analyses were
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also performed to study the effect of uncertainties in the input parameters on the model
predictions. Important model parameters were identified and further examined on their impacts
on the model outcomes for thorough discussion. The validated model was applied to study the
influence of operational parameters on the enrichment of XPA in mixed cultures. In conclusion,
the developed model with diverse microorganisms can provide insights into the competition
between XPA and XH in the feast-famine enrichment strategy as a comprehensive tool for
sustainable PHA production using waste organics.
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Quantifying the Effect of Membrane Pore Size on the Filtration of Municipal Wastewater
Containing Microplastic Particles
R. LARUE 1*, B. PATTERSON 1, A. WARREN 1, D. LATULIPPE 1
1
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Abstract
It is well-documented that plastic debris in the aquatic environment poses a significant threat to
the environment, human health, and the economy. Microplastics (MPs) are of particular concern
owing to their small size (e.g. microns to millimetres) irregular shape, and chemical makeup
which have can wide-ranging consequences. A significant source of aquatic MPs is attributed to
the water discharged by wastewater treatment plants (WWTPs). Membrane technologies—
already used in some WWTPs—are often cited as the ideal technology to mitigate the efflux of
the MPs because of their small pores. Existing studies indicate that WWTPs using membrane
technologies can be effective at withholding large fractions (e.g. >99%) of MPs that enter a
facility, yet MPs are still observed in their effluents. Overall, facilities with membrane
technologies have not been studied in sufficient detail, and little is known about how MPs affect
membrane performance. To this end, we demonstrated in a previous work that MPs suspended in
wastewater (WW) can contribute to membrane fouling in dead-end systems, a process whereby
MP accumulation on the membrane surface restricts water permeation. However, it is not yet
known how system parameters (e.g. pore size, etc.) in conjunction with MP properties (e.g.
shape, size, etc.) affect filtration performance (e.g. productivity, MP and solids removal, etc.).
Here, we present findings regarding how the rated pore size of microfiltration membranes affects
(a) the removal of MP particles and (b) the fouling of these membranes. Commercial
poly(vinylidene fluoride) Durapore™ membranes with pore sizes ranging from 0.22 to 5 microns
were utilized in dead-end filtration experiments involving MPs suspended in secondary clarifier
effluent. Polyethylene MPs (~10 microns in size) containing a fluorescent dye were generated
using a milling procedure and concentrations of the fluorescent MPs suspended in WW were
analyzed using a fluorescence intensity assay. Constant-pressure filtration experiments were
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performed to study the effect of pore size on MP transmission through the membranes. MPs were
detected in the permeate samples, with greater concentrations found in the permeate of the
membranes with the largest pore size. This reflects the observation of MPs found in the effluents
of WWTPs which employ membrane technologies, but critically also highlights the need to
optimize membrane processes for improved removal of MPs. Furthermore, it was found that MP
fouling behaviour is dependent on the membrane pore size; the membranes with the largest pore
size demonstrated no significant difference in flux decline over 8-hour experiments when WW
and MPs were filtered versus WW alone. In contrast, the membranes with the smallest pore size
exhibited a substantial flux decline (i.e. ~1,000 L/m2/h down to ~45 L/m2/h) when MPs were
added to the WW compared to WW alone (i.e. down to ~65 L/m2/h). Overall, it is clear that pore
size is a critical consideration in order to optimize MP removal and membrane performance in
municipal wastewater treatment.
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Simultaneous Nutrients Biological Removal Biotechnology Using Intermittent Aeration
Mechanism
P. IZADI1*, P. IZADI1, A. ELDYASTI1
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Abstract
Problem Statement
Mainly conventional biological nutrient removal (BNR) systems, encounter drawbacks regarding
process performance, where the nitrogen removal takes place by pre-denitrification in the
fill/anaerobic phase. Therefore, denitrifiers take-up the available readily biodegradable COD,
resulting in lower substrate availability for phosphorus accumulating organisms (PAOs),
increased microbial competition and higher operational cost. Therefore, stability and reliability
of BNR may be problematic due to external disturbance of excessive nitrate loading to anaerobic
phase. In addition, aeration as a crucial factor for nutrient removal and odor control, is
accompanied with high equipment cost and energy consumption. Therefore, evaluating the
stability and reliability of the system by experimenting on effective parameters such as aeration
is of importance.
Objective
Intermittently aerating the system in aerobic phase, allows simultaneous nitrification,
denitrification (SND) and P-removal with lower aeration rate requirement in a single reactor.
Intermittent-aerated SBR reactor, decreases the readily biodegradable chemical oxygen demand
(rbCOD) requirement and microorganism competition. In the aeration phase, in high DO levels,
ammonium-nitrogen is oxidized to nitrate/nitrite by aerobic nitrifiers. In the following low DO
stages, anoxic denitrifiers reduce nitrate/nitrite to N2 gas. Therefore, minimum nitrogen removal
takes place in fill/anaerobic phase, allowing PAOs to store the carbon source as PHA internally.
Concurrently, in aeration period, PAOs (DPAOs) utilize the available DO/nitrate to take-up
phosphorus from wastewater. However, to achieve the highest prosperity of intermittent aeration
and minimum energy requirement, comprehensive investigation on nutrient conversions in
sequential anaerobic/aerobic stages to develop a well-operated process is required.
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Material and methods
In this study, three sequential batch reactors with constant operational conditions except aeration
patterns at 6-hour cycle periods were tested. Synchronous SND and P-removal feasibility
evaluation, nutrient profile performance, aerobic kinetics and bacterial structure were conducted.
Potential drawbacks and improvement alternatives were inspected and clarified in case of
aerobic/anoxic phases and possible occurred processes. In addition, nutrient removal was
evaluated by the contribution of the key functional microbial groups through microbial analysis
for identification of relative abundance on phylum, class and genus levels.
Results and discussion
Intermittent strategy with 50 minute on/off intervals, decreased PAOs aerobic decay rate,
glycogen and Poly-P usage rate leading to long-term storage of EBPR sludge. In case of nitrogen
removal, intermittent aeration reported to enhance SND, increase efficiency in organic carbon
utilization for denitrification and improve denitrifiers abundance. Yet, as shown in Table 1,
lower intermittent intervals (EBPRINT-25), despite its intermittent aeration, projected a lower
removal performance in case of nutrients in comparison to continuous-aerated reactor. At 25minute on/off intervals, the effluent contained high concentrations of nutrients not reaching the
emission standards. Due to invaded anaerobic conditions and availability of electron acceptors in
this stage, processes requiring oxygen, including carbonaceous oxidation, nitrification and Puptake, occurred. This led to inefficient anaerobic performance of PAOs. Due to high DO
concentration, the remaining NO2-N and NO3-N from the preceding cycle were not removed by
means of denitrification, resulting in an accumulation of nitrate/nitrate in the system.
Conclusion
•

Nutrient removal strongly depended on reaction phase configuration representing the
importance of aeration pattern.

•

For reaching a high N-removal, balancing the aerobic and anoxic duration for complete
SND is suggested.

•

The primary factors affecting the P-removal performance were known to be insufficient
reaction time, variation in DO concentration and carbon source.
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EBPRCONT.

EBPRINT-50

EBPRINT-25

Effluent

Removal

Effluent

Removal

Effluent

Removal

concentration

efficiency

concentration

efficiency

concentration

efficienc
y

pH

7.51

-

8.27

-

7.86

-

COD (mg/L)

45±10.7

84%±3%

31.2±4.3

91%±1%

33.7±3.3

90%±1%

TN (mg/L)

8.1±0.5

71%±3%

5.4±0.6

81%±4%

14.01±0.3

50%±2%

Orthophosphate

2.55±0.5

83%±3%

1.35±0.3

91%±3%

5.55±1.2

63%±8%

2.1±0.7

93%±2%

1.8±0.5

93%±1%

2.32±0.4

92%±3%

45±2

-

40±4

-

51±3

-

(mg/L)
NH4+-N (mg/L)
VSS (mg/L)
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Secondary treatment of landfill leachate by vertical treatment wetlands
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Abstract
In Québec the most common method for the management of municipal solid waste is its disposal
in engineered landfills. One major environmental problem with these landfills is the production
of leachate by the percolation of water from precipitation events and humidity from the waste
through the landfill. According to the environmental law in Québec, the leachate produced,
which is contaminated with high concentrations of organic matter, ammonia and inorganic
molecules, must be treated prior to its discharge. Treatment of landfill leachate is typically
undertaken by intensive physical-chemical (e.g., flocculation) or biological (e.g., activated
sludge) processes, with high construction and operation costs. The objective of this study is to
evaluate the feasibility of leachate treatment by vertical, subsurface flow treatment wetlands
(TWs), planted with willow or Sporobolus species. Five experimental, pilot-scale (450 L) aerated
TWs, one unplanted, two planted with willow (Salix miyabeana, ‘SX67’) and two with
Sporobolus michauxianus, were operated in parallel in a greenhouse under controlled “summer”
growing conditions for 40 days. The TWs were fed automatically with pretreated leachate,
collected from a 60 L upflow anaerobic sludge blanket system, in three batches (5 L per batch)
per day and an effluent recirculation (1:1 ratio).
TWs allowed efficient organic matter (69% to 73%), total suspended solids (TSS, 89%)
and ammonia (98%) removal. TWs retained about 86% to 92% of influent iron. The TWs,
whether planted with willow or Sporobulus, removed 47% to 49% of zinc, while the control
achieved no zinc removal. The Sporobolus showed no visible morphological change, but willows
lost the majority of their leaves upon initial exposure to leachate. The ‘SX67’ recovered after
coppicing and produced new foliage. The Sporobolus demonstrated an increase in their
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chlorophyll content (476 to 514 mg/m2 ) by the end of the treatment period. The chlorophyll
content of willows decreased from 303 mg/m2 to 143 mg/m2 , likely due to the sampling of
newly developed leaves.
TW effluent TSS concentrations were below discharge limits (Table 1). Effluent
ammonia concentrations in the planted TWs were lower than in the control, however only the
Sporobolus TWs met the discharge limits. None of the TWs met the discharge limits for zinc,
however a coagulation-flocculation process and chemical precipitation are in operation to
achieve additional zinc removal at the landfill site. While there are no discharge limits for iron,
its accumulation in the TWs may cause clogging, impacting the treatment efficiency in long-term
operation, justifying the operation of an anaerobic reactor upstream of the TWs to favor iron
sulfide precipitation.
The experiment is being continued for additional seasons under “winter” and “summer”
conditions, to provide insights into the effect of temperature, aeration and hydraulic loading rates
on the TWs treatment efficiency. At the end of the project, the design and operation criteria will
be determined for a TW that should be economical, environmentally friendly and sustainable for
the treatment of leachate produced by a variety of landfills in Quebec, Canada and elsewhere.
Table 1: Environmental discharge limits for treated leachate compared with typical leachate
composition and effluent concentrations after 40 days.
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Wastewater carbon management using Alternating Activated Adsorption (AAA) system
A. ALSAYED1*, M. SOLIMANA1, A. ELDYASTIA1
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Abstract
Recently, the achievement of energy neutrality and resources recovery in wastewater treatment plants
has become inventible. Accordingly, the interest in the A-stage of the adsorption/bio-oxidation (A/B)
for carbon management has considerably increased. To this end, high-rate activated sludge and highrate contact stabilization are employed. Encouraged by its flexible and compact design, the
Alternating Activated Adsorption (AAA) system was recently proposed and patented as an
alternative A-stage system. Yet, literature on such a system is scarce. Hence, in this article for the
first time, the performance of the novel AAA system is evaluated. Two systems were operated to
assess AAA as a settler replacement (AAA-1) or to complement it (AAA-2). The goal of this study is
to asses and understand the AAA system among other A-stage systems. Due to its simpler solids
control, AAA maintained high MLSS (2121±293 mg/L for AAA-1 and 806±116 mg/L for AAA-2) at
a very low aerobic SRT (< 6 hours). Moreover, AAA-1 has high COD removal efficiency for soluble
(67±8%) and particulates (62±14%) as well as COD redirection (47±7%). In addition, it is
demonstrated that the bottom feeding/top discharging regime adds unique capacity for pCOD capture
in AAA. Whereas, further enhancements are needed to improve the AAA-2’s pCOD removal and
TCOD redirection. In addition, owing to the oxygen supply pattern and short SRT, AAA attains low
mineralization regardless wastewater strength (16-17%). Compared with other systems, it can be
concluded that, with further optimizations, AAA system has the potential to outcompete other Astage systems. As such, improving sludge settleability is found to be the bottleneck, especially when
treating low strength wastewater.
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Development of partial nitrification using ultra-low dissolved oxygen concentrations
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Abstract
Introduction
Due to depleted energy resources, increasing worldwide energy demand and global climate
change, there has been a wide interest in developing novel wastewater treatment technologies
able to meet the required effluent standards with minimum energy usage. In fact, it is estimated
that the treatment of 1 m3 of wastewater using conventional processes consumes around 0.3-0.6
Kwh (1080-2160 KJ) [1]. Interestingly, it was reported that aeration by itself contributes to
around 50% of this total energy use [2]. Moreover, integrating nitrification within the activated
sludge process results in an increase in the energy consumption by around 30% [3]. Thus,
extensive research should be directed towards nitrogen removal technologies that require less
aeration demand. Recently, partial nitrification has been adopted widely for biological nitrogen
removal as it implies 25% oxygen savings and consequently results in 60% reduction in the total
energy required [4]. Partial nitrification relies on halting ammonia oxidation at the nitrite step
through inhibiting or washing out nitrite oxidizing bacteria (NOBs). Several strategies have been
employed for NOB out-selection including: (i) low DO concentrations, (ii) high free ammonia
(FA) and free nitrous acid (FNA) (iii) high temperature, (iv) high pH, and (v) short SRTs.
Suppressing NOB through low DO has been proven a successful strategy and it is based on the
fact that AOB has lower oxygen half saturation constant than that of NOB indicating its higher
affinity for oxygen, thus AOBs are more prone to maintain their activity at oxygen limitation
conditions [5]. However, the majority of the studies in the literature have performed partial
nitrification at DO in the range of 0.5-1.5 mg/L with fewer studies targeting DO levels below 0.5
mg/L [6]–[8]. Moreover, it was reported in a study that lowering the DO from 4 to 0.25 mg/L
resulted in a sudden increase in the effluent ammonia concentration with no nitrite accumulation
[9]. The previous deterioration in ammonia removal efficiency might be referred to the sudden
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drastic drop in the DO levels which might have had a shock effect on AOBs inhibiting their
activity. Thus, the objective of this paper is to attain complete partial nitrification as a first step
of nitrite shunt process in an SBR at very low DO concentrations (below 0.2 mg/L) through an
adaptation strategy. The strategy adopts lowering the DO concentrations in a step-wise fashion
allowing the biomass enough time to adapt to each new DO level before moving to the next.
Methodology
The experiment was run in an SBR with a working volume of 4.5 L. The SBR had a total cycle
duration of 4 hours comprising 10 mins of filling, 180 mins of aerobic reaction, 40 mins of
settling, and 10 mins of decanting. The temperature was maintained at 31°C and pH was
controlled through the alkalinity concentration in the feed to maintain it in the range of 7.9-8.2.
The reactor was inoculated with return activated sludge and fed with synesthetic solution. The
reactor was run in six phases with different operational conditions as shown in Table 1. The
dissolved oxygen (DO) concentrations was decreased gradually during the process in order to
allow the biomass to adapt to the new DO levels and prevent any shock effect.
Results
As shown in Table 1, the SBR was operated for 6 phases with different DO concentrations. The
objective of Phase I (start-up period) was to enrich nitrifying bacteria (AOB and NOB) and
washout heterotrophic bacteria under carbon starvation phase, thus no DO limitation conditions
were applied in the reactor and DO in the reactor was set at high levels (>2.5 mg/L). After the
first 3 days of operation, as illustrated in Figure 1, all the ammonia was oxidized to nitrate with
no nitrite accumulation indicating the occurrence of complete nitrification which implies the
success of accumulating nitrifies. In Phase II, DO limitations conditions were introduced to the
reactor by manually decreasing the air flow rate to suppress NOB activity and halt the ammonia
oxidation at the nitrite phase. After the first day, a slight decrease in the ammonia removal
efficiency (ARE) was observed due to the sudden drop in DO levels, however the reactor was
able to recover its high performance and full ammonia removal was attained. During phase II,
partial nitrification was achieved and high nitrite accumulation rate (NAR) were observed (Table
2) implying NOB inhibition. The DO concentrations in this phase was stabilized at around 0.85
mg/L, however after 140 mins of reaction time the DO concentrations started to increase until the
end of the reaction period. To explain the DO increase, a sample was taken right before this
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increase and analyzed. The results indicated that at that time complete ammonia oxidation was
achieved which resulted in a decrease in the oxygen consumption by AOB driving the rise in the
DO concentrations. Although higher DO concentrations were reached after the decrease in
oxygen consumption, no nitrite oxidation to nitrate was observed indicating that NOBs were not
able to recover their activity which may be referred to the combination of NOB limitations
conditions of high temperature, high pH as well as high FA and FNA concentrations. Similar
performance was achieved in phase III when the DO levels were further decreased to 0.6-0.8
mg/L as elucidated in Table 2. In phase IV, nitrogen loading rate (NLR) was increased to assess
the capacity of the reactor in treating higher ammonia concentrations at the same DO levels.
Encouragingly, high ARE and NAR were maintained in this phase at DO levels of 0.55-0.75
mg/L. During Phase V and VI, the DO was further decreased and the reactor was able to
maintain its high performance. Interestingly, in both phases it was observed that after a couple of
days of operation at each phase, the increase in the DO concentrations occurred earlier in the
reaction phase as shown in Figure 3 a and b. Samples taken after 90 mins of reaction at phase V
(b) and 70 mins at phase VI (b) confirmed that at that time all the ammonia was oxidized. The
previous results reveals that the biomass nitrification capacity has increased after adapting to the
low DO levels, therefore the reaction time can be decreased which would result in lower HRT.
Conclusion
Complete partial nitrification was attained successfully and maintained stable for 24 days at very
low DO levels (0.07 – 0.15 mg/L) with an ARE of 99.9±0.1% and NAR of 91.7±0.5%. The
previous results implies huge savings in aeration-associated energy consumption.
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Effect of Thermochemical Pre-treatment on solubilization and methane production from
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Abstract
Production of methane from thickened waste activated sludge (TWAS) is typically limited by the
low biodegradability and slow degradation of TWAS. Our prior study demonstrated that TWAS
pre-treatment using free nitrous acid (FNA) is an environmentally friendly and economically
feasible method to improve methane production. To further increase methane production from
TWAS, the current study presents a novel thermochemical pre-treatment methodology based on
a combination of FNA and thermal pre-treatment. We presumed that combination FNA and heat
pre-treatment can disrupt sludge flocs, organisms’ cell membranes, extracellular polymeric
substance (EPS), intracellular organic matter, which enhance biodegradability and hydrolysis
rate of sludge. This could reach even higher methane production during the anaerobic digestion
process compared with FNA-based pre-treatment alone. TWAS from a full-scale Wastewater
Treatment Plant (Ashbridges Bay, Toronto, Canada) was treated with FNA alone, heat alone, and
combined FNA- heat. The pre-treated TWAS was then subjected to biochemical methane
potential (BMP) tests. This study revealed that the employed thermochemical pre-treatment of
waste activated sludge performed better than individual pre-treatment, in all desirable output
parameters including increasing methane production as the most important output, increasing in
COD solubilization, protein and polysaccharide. Also, the combined FNA-heat pre-treatment is
an environmentally and economically attractive strategy for the pre-treatment of TWAS before
the anaerobic digestion process, particularly considering that both FNA and heat can be produced
as by-products of anaerobic sludge digestion in wastewater treatment plants.
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Plastic contaminants in northern fulmars (Fulmarus glacialis) and black-legged kittiwakes
(Rissa tridactyla) from the Canadian High Arctic
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Abstract
Plastic particles (including microplastics < 5mm and larger macroplastics) have been found
virtually everywhere on the planet. Plastic pollution has entered the depth of our oceans,
contaminates animals and humans across the world, and has even found its way into such remote
areas as the Canadian High Arctic.
Recent studies have shown that Arctic seabirds are bioconcentrators for plastic particles that
they then excrete around their colonies in the Canadian Arctic. However, what we do not know
yet is whether these bioconcentrated plastic particles are transport vehicles for further
contamination into the Arctic – including for contaminants that would otherwise not undergo
long-range transport.
To better understand co-contamination of plastic particles and chemical pollutants in Arctic
seabirds, investigate factors that impact contaminant exposure and patterns for the birds, and
identify pollutants with potential plastic-enabled transport, we conducted an exploratory study on
plastic particles, organic plastic additives, and trace metals in northern fulmars (Fulmarus
glacialis) and black-legged kittiwakes (Rissa tridactyla) in the Canadian High Arctic.
Apart from plastic particles, the analysed pollutants included legacy contaminants such as
polybrominated diphenylethers (PBDEs), hexabromocyclododecane (HBCDD), and
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organochlorine pesticides (OCPs), as well as contaminants of emerging Arctic concern such as
alternative brominated flame retardants (aBFRs), dechlorane plus (DP), UV stabilizers,
phthalates, organophosphate esters (OPEs), and per- and poly-fluoroalkyl substances (PFAS).
The results of our study showed that differences in foraging behavior between the two species
had a significant impact on the plastic particle loads the birds ingested. Higher foraging distances
resulted in higher plastic contamination loads.
Higher plastic particle loads coincided with high plastic additive concentrations such as
PBDEs, OPEs, UV stabilizers, and phthalates, whereas trace metal concentrations seemed to be
independent of plastic contamination load, location, and foraging behavior of the birds.
Interestingly, high plastic loads also coincided with the detection of non-halogenated OPEs –
many of which are expected to have a low long-range transport potential. Moreover, birds with
high plastic particle loads tended to have high detectable concentrations of PBDE congeners
associated with the technical Octa-BDE mixture, whereas birds with low particle loads where
predominantly contaminated with Penta-BDE congeners (Figure 1).
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Figure 1. Concentrations [ng g-1 wet weight] of Octa-BDE congeners (orange) and PentaBDE congeners (turquoise) in black-legged kittiwakes (BLKI) and northern fulmar (NOFU).
Penta-BDE has been reported as a metabolic endpoint of higher brominated BDE congeners,
indicating that the birds with high Penta-BDE concentrations had likely been exposed by
biomagnified PBDEs. The higher Octa-BDE concentrations and presence of non-halogenated
OPEs, on the other hand, indicated recent contamination sources with “fresh” non-metabolised
plastic additives – potentially linked to the plastic particles the birds were contaminated with.
The research highlights the importance of treating plastic particles and organic plasticadditives as co-contaminants rather than separate pollution issues. It points to exposure pathways
for different Arctic seabird species and provides new insights into the role of plastic particles as
potential transport vehicles for organic contaminants.
*

Presenting author, roxana.suehring@ryerson.ca
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Microplastics degradation using hydrolytic enzymes
A. ELSAYED 1*, Y. KIM 2
1
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PhD Candidate, McMaster University
Associate Professor, Civil Engineering Department, McMaster University

Abstract
Microplastics (MPs) are emerging contaminants that can cause serious problems in the aquatic
environment and negatively affect the public health. MPs are small plastic particles that are less
than 5 mm in size and include the polyester and acrylic fibers from synthetic fabrics and
microbeads from personal care products, such as toothpastes and facial scrubs. The effluent of
wastewater treatment process is an important source of MP release to the environment. MPs have
a serious influence on the environment as they can be ingested by the biota, causing blockage
and scouring in their digestive system. Therefore, MPs removal has recently gained an intensive
attention. In this study, lab-scale experiments were conducted to investigate the degradation of
MPs using hydrolytic enzymes (lipase, cellulase and protease) under various operational
conditions, such as different enzyme concentrations and temperatures. Based on the experimental
results, active degradation of MPs was observed using hydrolytic enzymes. Moreover, a
thermophilic condition allowed a higher degradation of MPs compared to a mesophilic
condition. Beside the lab-scale experimentation, a numerical model was developed and
calibrated using the experimental results to estimate the model kinetic constants for each type of
the examined enzymes under mesophilic and thermophilic conditions. After calibrating the
kinetic constants at two different temperature conditions, the temperature correction factor (θ)
and half-life time coefficient for each enzyme were estimated. MPs degradation by a mixture of
two enzymes was also simulated using the numerical model and the reaction kinetic constants for
the enzyme mixture were also estimated. The calibrated kinetic constants were also used for
simulating the changes of effluent MPs in an anaerobic digester under various solids retention
time, temperature and enzyme concentration conditions. In conclusion, numerical models are
essential to enhance our understanding of MPs removal mechanisms and determine the dominant

69

TH

56 Central CANADIAN SYMPOSIUM ON WATER QUALITY
RESEARCH
operational parameters on the MPs removal in biological wastewater treatment. Also, the results
of this study can be used as an efficient tool for large scale MPs removal applications.

*

Presenting author, elsaya5@mcmaster.ca
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Efficiency of a bioretention cell for microplastics removal from stormwater
K. SMYTH 1*, J. DRAKE 1, Y. LI 2, C. ROCHMAN 3, T. VAN SETERS 4, E. PASSEPORT 5
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5
Department of Civil and Mineral Engineering and Department of Chemical Engineering and
Applied Chemistry, University of Toronto
2

Abstract
Despite the fast-growing research on the distribution and quantification of microplastics in
aquatic environments, little research has focused on urban stormwater runoff. In urban
environments, low impact development green infrastructure such as bioretention cells are often
implemented to collect, infiltrate, and treat urban runoff. Bioretention cells consist of a
depression in the ground filled with engineered media and covered with mulch and vegetation.
While they are typically designed to reduce flooding, they are also able to reduce the
concentration of some contaminants such as total suspended solids. Given that microplastics are
particles, we hypothesized that bioretention cells would be efficient at removing microplastics
from urban runoff. Our study site was located in Vaughan, Ontario, Canada. Stormwater samples
were collected over two years from the inlet and outlet of a bioretention cell receiving runoff
from a recycled-tire pavement parking lot. The samples were sieved to include particles greater
than 106 µm and counted visually before analysis by Raman spectroscopy. With careful protocol
development and validation, we showed that current sample sieving practices result in large
errors in assigning microplastics to a given size fraction, likely due to the dominance of fibers
(>75%) in our samples. Microplastic concentrations at the bioretention inlet and outlet were
censored using non-parametric survival analysis methods. Our results demonstrated high percent
decreases in microplastic concentrations between the inlet and outlet of the bioretention cell.
Overall, we found an 84% reduction from 186±173 to 31±35 particles/L. Microplastic
concentration in the bioretention cell inlet was proportional to rainfall intensity and appeared to
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be proportional to the number of antecedent dry days. This comprehensive study demonstrated
that bioretention cells efficiently sequester microplastics from urban runoff.

*

Presenting author, kelsey.smyth@mail.utoronto.ca
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New Iodine-based Electrochemical Advanced Oxidation System for Water Disinfection:
Are Disinfection By-products a Concern?
C. VERWOLD 1*, S. KIMURA-HARA 2
1
2

University of Calgary
Assistant Professor

Abstract
A new iodine-based electrochemical water treatment system, known as the Advanced Oxidation
System (AOS), efficiently provides a high-level of disinfection by generating active iodine
species in-situ. The AOS uses expanded graphite as its electrode bed material, iodide as its
principle electrochemically active input chemical, and a proprietary spacer to separate electrodes
within the device. The anodic chamber of the AOS generates active iodine species that are
known to be effective oxidants against microbial pathogens. However, the presence of iodide
during water disinfection can lead to the formation of iodinated disinfection by-products (IDBPs). These I-DBPs are a concern because they have been shown to be much more cyto- and
genotoxic than their chlorinated and brominated analogs. To assess the DBP formation pure
water, river water, and secondary wastewater effluents were treated by the AOS. A
comprehensive target and non-target DBP analysis was used that included 25 unregulated DBPs,
and the total organic halogen (TOX) quantified as total organic chlorine (TOCl), total organic
bromine (TOBr), and total organic iodine (TOI). Disinfected pure water only produced iodoform
with AOS treatment. Disinfected river water resulted in increased TOI formation over time,
however, these results showed that the AOS treatment did not generate significant levels of IDBP formation and these are comparable to levels found in disinfected drinking water and
wastewater.

*

Presenting author, chad.verwold@ucalgary.ca
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Is Granular Filtration System a way forward for a sustainable Drinking Water Treatment
Plant?
P. KUMAR 1*, S.K. BRAR1
1

Lassonde School of Engineering, York University, Canada

Abstract
In a typical Drinking Water Treatment Plant (DWTP), upstream treatment system (UTS: preoxidation, coagulation/flocculation and sedimentation units) accounts for a notable degree of
pollutant removal. In addition, UTS provides a polish treatment platform for the downstream
treatment units (DTUs) by shredding the pollutant impact. However, in general, the obsolete
design of UTS fails to impair the contaminants of emerging concerns (CECs). In most instances,
to achieve a higher efficacy of CECs removal (in a GFS), the process becomes unsustainable. As
a result, much reliability is expected from the DTUs which typically comprise granular filtration
system (GFS) followed by a disinfection system and has proved to be more sustainable, especially
the former. However, susceptibility of toxic by-products formation, staged by the residual organic
precursors (resulting from a weak UTS) puts high onus on the GFS, especially with the presence
of CECs that can continue to render health-compromising water quality. One of such CEC is
cyanotoxin which has become a challenge for the plant operators in recent years and resulted in a
feeble success from the UTS so far. Even in the granular filtration unit where sand is the most used
adsorbent media, have resulted in a poor removal efficiency (<30%: initial concentration of 10-50
µg/L) of Microcystin-LR which is remarked as the most prominent cyanotoxin present in the
surface water. As a matter, poor adsorbent capacity of sand might also be questionable to other
kinds of cyanotoxins and probably to different groups of CECs as well. This could be a challenge
if not addressed in coming years and can severely affect the health of the consumers (humans or
animals), irrespective of complete removal of primary pollutants. As a matter and in-link to the
above-mentioned challenges, we need an upgradation in the GFS. In this talk session, graphitized
sand media will be discussed that presents a more versatile and powerful adsorbent media than
sand without compromising the feasibility, sustainability and economical aspect in context to the
drinking water quality.
Keywords: Water quality, filtration, graphitized sand, emerging contaminant, cyanotoxin
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Long-term trends of flows and total phosphorus levels of tributaries in the region of the
Lake Simcoe watershed
E. O'CONNOR 1*, L. ASPDEN 1, D. LEMBCKE 1, B. LONGSTAFF 1
1

LSRCA

Abstract
High loadings of total phosphorus (TP) to Lake Simcoe have occurred in some recent years.
Phosphorus loads vary from year to year, due in large part to changes in tributary flow. This
study was prompted by the high loads, with the objectives of gaining more insight though trend
analysis of flows, TP concentrations and loads. Mann Kendall trend analysis (1970-2018)
showed that flows in three types of subwatersheds (natural, urbanized and more agricultural) had
some similarities in trend results evaluated monthly, seasonally and annually, suggesting
potential impacts from climate change. The Beale Ratio method was used to calculate monthly
TP loads in two of these tributaries (with the urban and agricultural subwatersheds), and these
loads along with flows were used to calculate monthly flow-weighted mean concentrations
(FWMCs). TP loads and FWMCs showed primarily decreasing trends from 1980-1999 and
primarily increasing trends from 2000-2018, similar to flows. Months in summer and winter
generally increased in flows and loads consistent with some climate change projections. March
was traditionally the highest loading month (i.e., the spring freshet), but more recently loads in
certain calendar months (e.g., June) of other seasons have surpassed loads in March.

*

Presenting author, e.oconnor@lsrca.on.ca
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Potential Climate Change Impacts on Boil Water Advisories in Canada
S. MOGHADDAM-GHADIMI 1*, S. GORA
1

York University

Abstract
Global climate change is expected to affect the frequency, intensity, and duration of weather
events, resulting in extreme weather conditions and subsequent impacts on the built and natural
environment. This change has been apparent from the mid to late 20th century and is driven by
human emissions of greenhouse gases. This research project consisted of a systematic literature
review that examined the potential impacts of climate change on boil water advisories across
Canada. Data provided by the Canadian Network for Public Health Information regarding boil
water advisories that were issued in Canada over several years was analyzed to identify trends
and system characteristics associated with the recurring boil water advisories. The most common
cause of boil water advisories was operational issues including line break or pressure loss in
distribution system, equipment failure, power outage and inadequate disinfection. Based on this
analysis, six key search terms were identified: boil water advisories, climate change, water, water
quality, coliforms, extreme weather. Five major scholar databases (Omni, Scholars Portal,
Google Scholar, ProQuest, EBSCOhost) related to environmental science and engineering were
searched using these keywords to identify relevant literature related to the effects of climate
change on water quality and boil water advisories. Our systematic literature review suggests that
extreme weather events – such as storms and high temperatures – are affecting and causing
potential damages to water treatment infrastructure, as well as causing an increase in pathogens
and contaminants in water sources. This may result in an increase in the number of boil water
advisories issued in many areas.
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Improving Water Treatment and Supply Through Ontology-Supported Asset Management
M. KATSUMI 1*, T. HUANG 2, M. FOX 1
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Abstract
Asset Management plays an important role in any organization’s ability to supply and treat water
effectively. In general, the primary goals of any asset management program in this context are to
meet the customer needs for water supply and treatment, while maintaining the quality (i.e., of
both supplied and treated water) in a safe, cost-effective manner. This involves planning for and
making decisions regarding the maintenance, repair, and replacement of assets. Access to
information is critical to performing these tasks, however it is problematic due to the number of
disparate systems involved. We are currently pursuing the use of ontologies to support asset
management by improving access to information. Ontologies are artefacts that provide a formal
representation of the concepts of interest in a particular domain. They are formalized in a logical
language may be encoded in a machine-readable format, and thus lend themselves to a variety of
applications such as data validation and automated deduction. Ontologies provide a means of
improving both the quality and accessibility of information. In addition, they present an
opportunity to leverage automated reasoning to infer additional information about a given
system, in order to support decision-making. We have identified three key use cases for
ontologies to support Asset Management: integration, recommendation, and decision-support.
Integration use cases focus on the creation of a data hub. Leveraging the ontology to support
semantic integration, it is possible to create a single point that integrates information and
provides access to data from any number of systems, from those tracking work on assets, to asset
condition, to the cost of asset acquisition. This not only provides improved access to information,
but it also creates an opportunity to employ rules to support data synchronization and validation
across systems. The second category of use cases – recommendation – is supported by a set of
methodically defined classifications. The primary focus of classification includes assets, the
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functions they perform, any legislated rules that apply to them, and the maintenance tasks that
they require. This interconnected set of classes may then be used to provide accurate
recommendations. For example, given some analyzer installed in a particular environment,
identify the pieces of legislated requirements that apply to its maintenance. Finally, the decisionsupport category of use cases leverages detailed rules in order to infer new information based on
a given set of facts. These capabilities could be employed to answer a range of complex
questions including those regarding an asset’s criticality. This type of information would support
decision-making on questions of replacement or maintenance and inspection schedules, for
example. These use cases are drawn from a real-world project on the application of ontologies to
support Asset Management at Toronto Water. Toronto Water is a major organization responsible
for the treatment and supply of safe drinking water, the collection and treatment of wastewater,
and stormwater management for the City of Toronto. In this talk we provide an overview of the
domain and motivate and detail the three key use cases described above.

*

Presenting author, katsumi@mie.utoronto.ca
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Too Much of a Good Thing: Operational Experience with Digester Failure and Recovery
D. ELLIS 1*
1

Azura Associates International Waterloo

Abstract
Anaerobic co-digestion (AnCoD) of food waste and source separated organics (SSO) at water
resource recovery facilities (WRRFs) to generate energy, reduce solid wastes to landfill, manage
nitrogen and phosphorous, and reduce greenhouse gases has considerable benefits (CBA, 2015;
Parker, 2019; USEPA, 2019). As one of the few potentially carbon-negative fuels, biogas
generation from food wastes remain an underutilized opportunity to strive towards net-zero
energy WWRFs and a circular-economy framework for managing organic wastes.
The interest in AnCoD of Fat, Oil, and Grease (FOG) at WRRFs arises from its high energy
content and the relative ease of handling. However, overfeeding FOG can lead to process
inhibition and serious foam events. The degradation of lipids and LCFAs by AD (Novak and
Carlson, 1970; Neves, 2009) and the inhibitory nature of LCFAs on AD have long been reported
(Koster and Cramer, 1987; Rashma et al, 2019). Many of these studies were small-scale or
laboratory-based and do not represent the complexities of full-scale operations. Data on
ammonia-nitrogen (NH3-N), speciated VFA, and LCFA concentrations in full-scale AD
operations receiving temporally varying loadings of wastes is limited. For WRRFs to consider
AnCoD of food wastes, a more fulsome understanding of the potential risks associated with
feeding food waste, and how to avoid process upsets and maintain operational stability is
required.
A survey of 71 WRRFs reported that fat, oil, and grease (FOG) were most commonly accepted,
followed by food and beverage industry waste (USEPA, 2019). This is considered an attractive
practice because of the opportunity to utilize existing infrastructure to generate energy. However,
AnCoD operators will need to adapt process operational and monitoring strategies to recognize
the properties of these new-to-them feedstock streams.
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Data collected from a full-scale food waste digester that suffered a biological process failure in
Summer 2019 will be presented. This case study can inform the AnCoD community of the
lessons learned from 18-months of operating the food waste digester. Prior to failure, the digester
feeding regime resulted in the accumulation of significant concentrations of both volatile fatty
acids (VFAs) and long-chain fatty acids (LCFAs) while the digester continued to produce
methane. After biogas production had completely ceased, an evidence-based approached to the
operation was implemented.
After extensive sampling and testing and careful digester operation, informed by regular
laboratory testing, the biogas production completely recovered within 2 months. Extensive data
gathering (NH3-N, VFA, LCFA, and FOS/TAC) assisted with the development of remedial
actions and provided insight into the utility of monitoring strategies. Traditional titration-based
techniques were found to not be adequate indicators of overloading as they cannot detect the
build-up of ammonia, fats, or long-chain fatty acids in the digester (Ellis, 2019).
The presentation summarizes the experience obtained with respect to the performance of a food
waste digester receiving a high proportion of FOG feedstocks. The initial goal of this work was
to aid the digester in resuming biogas production and returning the facility to full commercial
operation. During the investigation the data showed the routine digester monitoring tools used by
the facility operators were inadequate to prevent the observed process upset. Following this
observation, the adoption of advanced digester monitoring tools to prevent a recurrence of the
process failure was initiated.
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Investigating the effect of anaerobic digestion on dewatering of pulp and paper mill
biosludge with Crown-Press dry solids and water-binding strength estimation
S.L. NINO 1*, D.G. ALLEN1, E. EDWARDS1
1

Department of Chemical Engineering & Applied Chemistry, Faculty of Applied Science and
Engineering, University of Toronto
Abstract
Biosolids dewatering continues to be an economic challenge for pulp and paper mills and
municipal facilities. Many mills temporarily store biosludge in anaerobic lagoons, and in the
future may follow the trend of municipal facilities by incorporating high-rate anaerobic digestion
targeted at biosludge solids. Currently, the effect of anaerobic digestion on biosludge dewatering
is poorly understood, with conflicting reports of deterioration and improvement in dewatering
from the literature. Recent approaches to measuring bound water content and water binding
strength by thermogravimetric analysis and LF-NMR suggest anaerobic digestion impairs the
water retention of biosludge by altering the EPS matrix. However, these reports have not shown
the effects on dewatering indicators including CST and Crown-Press cake solids, which
replicates full-scale belt-filter dewatering.
In this study, the effect of anaerobic digestion on biosludge dewatering were investigated
by comparing the change in dewatering indicators and water binding energy between raw
biosludge and sonicated biosludge. Here sonicated biosludge served as the positive control since
the dewatering properties of pre-treated biosludge have shown to improve with anaerobic
digestion.
Two groups of pulp and paper biosludge, one sonicated at 20 Hz for 10 mins and one
with no pre-treatment, were digested at 37°C with S/I of 5g COD gVSS-1 for 53 days.
Dewaterability was assessed by three dewatering tests: centrifugation at 20,000xg for 20 mins,
CST, and Crown-Press with addition Zetag 8185 conditioner. Enthalpy estimates of biosludge
vaporization !" from DSC analysis (20°C - 90°C at 4° min-1) were used to calculate the water
binding strength !!(kJ/kg).
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Biogas yields were 72 mL gCOD-1 and 111 mL gCOD-1 for biosludge and sonicated
biosludge, respectively; each had similar solid removal rates of 26% and 25% TS, 32% and 33%
VS, and 18% and 16% COD, respectively. Sonicated biosludge CST shrank by 62% and CrownPress dry solids increased by 42% (4% polymer dose) with 53 days of anaerobic digestion,
suggesting dewatering properties improved, while raw biosludge demonstrated no significant
change. Nonetheless, raw biosludge exhibited higher Crown-Press dry solids at half the polymer
dose (2% polymer dose), and lower CST than sonicated biosludge. In both the sonicated and raw
cases, the !# dropped with anaerobic digestion, (932 – 783 kJ/kg Raw and 965 – 836 kJ/kg
Sonicated) suggesting weakening of the interactions between water and the biosludge solids with
anaerobic digestion. Interestingly, !! for raw biosludge was slightly lower than sonicated
biosludge.
Although the drop in water-binding strength indicated decrease in water-retention ability
of biosludge with anaerobic digestion, only the sonicated case showed significant improvement
to dewatering properties. This suggests other factors may be affecting the dewatering
mechanisms captured in the Crown-Press and CST such as particle size and charge, which may
not be captured in the thermal analysis. Better insight into the features of hydrogel-like matrix of
biosludge may help explain the release of water from matrix reflected in the thermal analysis.

Fig. 1. Centrifugation, Crown-Press and CST of Raw and Sonicated biosludge on Day 0 and D53
of batch anaerobic digestion.
*
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Experience with seasonal characteristics and resource recovery of source-separated
organics (SSO) from the city of Toronto
A. BAZYAR LAKEH 1*, E. HOSSEINI KOUPAIE 2, A. AZIZI 1, H. HAFEZ 3, V.
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Abstract
Disco Road facility of Toronto processes a portion of residential food waste to remove
incompatible residue with the anaerobic digestion. This facility turns the food wastes into a
liquid pulp called source-separated organics (SSO) for anaerobic digestion. To the best of the
author’s knowledge, no comprehensive and long-term study covers physicochemical
characteristics of SSO; and the possible effects of these characteristics on anaerobic digestion
(AD), which will be presented in this presentation. The seasonal physiochemical characteristic of
SSO revealed significant differences in some factors demonstrating the eating habits, waste
handling, and collection techniques, lead to the variation following seasonal patterns.
Fermentation of summer SSO revealed a significantly higher yield for soluble chemical oxygen
demand (sCOD) (428 mg sCOD/g-VSS-added) compared to winter (397mg sCOD/g-VSSadded). Summer samples with 292 mg VFA/g-VSS-added showed a statistically significant
higher total volatile acids (TVFAs) yield compared to winter with 264 mg VFA/g-VSS-added,
demonstrating that initial characteristics affected the performance of fermentation. The ultimate
methane yield of summer and winter with 552 & 557 mLCH4/g-VS added, respectively,
revealed no significant difference which is higher than other studies. Considering the results of
this study, the SSO has a significant potential to produce biomethane and VFAs at an industrial
scale. Since the majority of VFAs are produced during 48 hours of fermentation, from an
economic point of view the fermentation process can be shortened to 48 hours. The VFAs
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derived from SSO can be used as an alternative carbon source for biological nutrient removal
(BNR) and selling the generated methane can partially compensate the capital and operating
costs of the plant and will significantly reduce the adverse environmental impacts of food waste.
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Co-Digestion of Thermally Pretreated Thickened Waste Activated Sludge and Food Waste

A. ISMAIL 1*, F. KAKAR 2, E. ELBESHBISHY 2, G. NAKHLA 1
1
2

Western University
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Abstract
Sludge treatment and disposal are perhaps the most complex aspect in the wastewater treatment
field. The amounts of sludges being applied to land or disposed to landfills are inevitably
increasing, creating landfill availability problems. Waste activated sludge (WAS) has a low
hydrolysis rate limiting its biodegradability and resulting in an increase in retentions times
during anaerobic treatment. Additionally, food waste is the main contributor to methane gas in
landfills, and on the contrary to WAS, methanogenesis is the rate limiting step during the
anaerobic treatment process. A series of thermal hydrolysis pretreatment (THP) laboratory
simulations were performed on thickened waste activated sludge (TWAS). Temperatures of 150,
170, 190, and 210 ˚C were investigated resulting in solubilization efficiencies of 24, 34, 47, and
50%; and a reduction of volatile suspended solids (VSS) of 31, 45, 61, and 62% respectively.
Food waste was added to the raw and pretreated TWAS at volumetric ratios of 0.1, 0.3, and 0.5
in order to assess both the impact of THP and the mixing ratio on methane production. Results of
this study will be presented in the conference.
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Adsorption of pyrene and trihalomethanes on polyethylene microplastics in aqueous
solution
Y. LI 1*, F. UDENBY 1, M. MCKIE 1, S. ANDREWS 1, R. ANDREWS 1
1

Department of Civil and Mineral Engineering, University of Toronto

Abstract
Microplastics (MPs) have received increasing attention as a type of emerging contaminant
themselves and as carriers of other micropollutants in the natural water environment. Due to the
intrinsic hydrophobicity and large specific surface area of MPs, the potential for adsorption of
hydrophobic organic chemicals in source water onto MPs has been of great interest and some
concern. In drinking water, the toxic nature of various disinfection by-products (DBPs) has also
raised concern on their interactions with MPs, since the physical-chemical properties of many
DBPs indicated they may have some potential to sorb onto microplastics through hydrophobic or
electrostatic interactions. However, the adsorption behaviour of organic contaminants in source
water and DBPs in drinking water onto MPs has not been extensively studied so far. In this
study, the adsorption of pyrene, a typical hydrophobic organic compound, on polyethylene (PE)
MPs (200 µm and 1090 µm) in MilliQ water and artificial freshwater was first investigated in
preliminary tests. A 21-day adsorption kinetic experiment was conducted to determine an
appropriate equilibrium time. The adsorption isotherm experiment was performed using a bottlepoint method with a range of PE microplastic doses and a constant initial pyrene concentration of
50 µg/L. Appropriate mixing methods for 0.96 g/cm3 PE MPs in aqueous solution and the
impact of headspace in test bottles for pyrene adsorption were also determined in the preliminary
experiments. Results indicated that the adsorption equilibrium of pyrene onto both sizes of PE
MPs can be reached within 96 hours. The adsorption of pyrene on PE MPs could be well
described by the pseudo-second order kinetic model and Langmuir isotherm model. The 200 µm
PE MPs showed higher adsorption capacity for pyrene than the 1090 µm PE MPs under the same
mass loading, possibly due to the higher specific surface area of the smaller particles. In terms of
the mixing methods tested, a rotating box provided better mixing than an orbital shaker, mainly
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because PE MPs (0.96 g/cm3) tend to float on the top of the aqueous solution when shaken by an
orbital shaker. The headspace in test bottles did not have an impact on the adsorption of pyrene
at a significance level of 95%, but 5 mL headspace was observed to provide better mixing of PE
MPs in the solution. As this study is ongoing, the adsorption experiments are being further
extended to DBPs and other trace contaminants in MilliQ water and real drinking water samples
following similar batch experimental procedures to those used in the preliminary tests. For
example, the adsorption of trihalomethanes (THMs), a major species of DBPs in chlorinated
water, onto microplastics in MilliQ water is currently under investigation. The adsorption
kinetics, mechanisms, and influencing factors will be examined. The surface characteristics of
PE MPs may also be analyzed to provide a better understanding of the adsorption behaviour of
organic compounds on microplastics.
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Predicting Drinking Water Advisories in First Nations Communities Using Artificial
Neural Networks
C. LARSON 1*
1

York University Lassonde School of Engineering Department of Civil Engineering

Abstract
Drinking water advisories are a problem many rural communities face across Canada. Historical
boil water advisory (BWA) data and drinking water system characteristics from First Nations
communities across Canada were used to create a BWA predictive model using artificial neural
networks (ANNs). The resulting predictive model was able to predict which drinking water
systems would experience BWAs within a 5 year period. With further refinement, these models
could allow for pre-emptive action in communities with predicted BWA and provide a path
forward in the identification of factors within water treatment systems that cause BWAs. ANNs
are information processing systems that resemble biological neural networks in the human brain,
using nodes or neurons to transfer numerical information between one another using different
weighted connections. The ANN is trained and calibrated using data where the outcome is
known, allowing for the ANN to match data patterns to specific outcomes. ANNs excel at
finding patterns in large and chaotic datasets, making them ideal for the analysis of the wide
range of characteristics in drinking water systems. In this study, several ANN models were
produced using data gathered from publicly available government datasets detailing the water
systems of rural First Nation communities. Programming was conducted using the coding
program R. Inputs to the ANNs included data from the drinking water system like age, operator
licencing, population served, and water source. One of the ANN models was able to achieve an
accuracy rate of 74% when predicting BWAs within several 5 year periods. This shows that
ANNs are able to accurately predict BWA affected systems and have identified similar
characteristics between drinking water systems that experience frequent BWAs. The ANN
models showed both promising results and areas requiring further optimization. While the ANNs
were able to predict the future outcomes of potential BWA, they were unable to accurately
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determine the frequency of BWAs within affected water systems. This is likely because most of
the water systems analysed by the ANN model had few BWAs, resulting in a slight bias towards
uneventful systems. Going forward, the ANN models’ input and output data will be reorganized
and refined in order to increase the accuracy of the results. For example, it is anticipated that
dividing the different types of BWA by what caused them and by their length could result in far
more accurate results. Additionally, input variable selection methods will be used to identify
which inputs have the greatest effects on the predicted output, allowing for the elimination of
inputs that have a negative effect on the predictions.
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Combined chemical conditioning anaerobically digested sludge for improvement of
dewatering.
U. HYDER 1*, E. ELBESHBISHY 1
1

Ryerson University

Abstract
Volume and high-water content in sludge have made sludge stabilization, transportation and
disposal a challenging task. The dewatering process preceded by a stabilization process such as
anaerobic digestion reduces excess water and volume, thereby reduces transportation cost.
Digested sludge is called biosolids. Anaerobically digested biosolids (ADB), if conditioned
before the dewatering process, enhances the dewatering process. ADB is conditioned using
Ferric Chloride (FeCl3), Hydrogen per Oxide (H2O2), polymer, Fenton Reagent (Fe++ + H2O2)
separately. Combined chemical conditioning of FeCl3 and H2O2, FeCl3 and polymer, Fenton
reagent and polymer is also conducted to identify the optimum polymer dose that brings forth the
highest dewatering rate of CST, SRF & TTF. Overdose of chemicals not only increases chemical
costs but also decreases filterability by disaggregation of the flocs. Fe forms colloidal Fe(OH)3
that acts as bridges to strengthen aggregation between particles while polymer enhances
flocculation by polymer bridge formation. Therefore the experiment exhibited that combined
conditioning using ADB using Fenton reagent and polymer yields the highest CST, SRF and
TTF. The optimum chemical dose will be used to condition the ADB in different pHs 3.0, 4.0,
6.5 and 8.5 to find the effect of pH in ADB conditioning and dewatering enhancement. pH below
3.0 and more than 8.5 showed a detrimental impact on dewaterability due to excessive hydrolysis
and floc disaggregation.
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Déphosphatation biologique pour la récupération du phosphore d'eaux usées
agroalimentaires par le procédé de boues granulaires aérobies.
M. MORA GUERRERO 1*, T. NGUYEN 1*
1

École Polytechnique de Montréal

Abstract
Le Centre de Traitement de la Biomasse de la Montérégie (CTBM) traite des boues liquides et
des eaux usées provenant principalement de l’industrie agro-alimentaire qui sont très riches en
matières organiques et en nutriments. La filière de traitement actuelle du CTBM-STEP est
constituée d'un réacteur biologique conventionnel avec déphosphatation chimique. Dans un futur
proche, la section CTBM-Iberville traitera les rejets et les boues par des digesteurs anaérobies
pour valoriser la matière organique sous forme d'énergie. La filière CTBM-STEP devra donc être
modifiée pour adapter aux caractéristiques de l’effluent du CTBM-Iberville ainsi pour une
déphosphatation biologique (bio-P). Cette étude vise à déterminer le potentiel du procédé de
boues granulaires aérobies (BGA) pour réaliser la bio-P en vue d'une meilleure valorisation
agricole du phosphore. La faisabilité de ce projet a d'abord été validée par modélisation avec le
logiciel BioWin et fait l'objet d'essais expérimentaux à l'aide d'une unité de taille banc d'essai. La
modélisation a permis de déterminer les caractéristiques souhaitées de l’effluent de la filière
CTBM-Iberville, puis à modifier la configuration de cette filière pour favoriser la bio-P. Les
essais expérimentaux au laboratoire sont réalisés dans un réacteur biologique séquentiel (RBS)
de 6 L avec des BGA développées à partir de boues granulaires d'un procédé anaérobie traitant
un effluent de fromagerie et des boues activées de la STEP. De l’eau usée synthétique est utilisée
pour la première phase expérimentale. Par la suite, les eaux usées réelles du CTBM seront
utilisées. L’ensemble du système expérimental est automatisé par du matériel de National
Instruments avec un contrôle et une supervision par le logiciel LabVIEW. Étant donné le nombre
limité d’études réalisées sur le procédé BGA pour la bio-P d'eaux usées industrielles
agroalimentaires, cette étude permettra d´approfondir la compréhension des différents
mécanismes et paramètres qui contrôlent le processus de granulation. Les résultats ainsi que les
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analyses expérimentales de ce projet permettront de déterminer son applicabilité pour le
traitement et la valorisation d'eaux usées agro-alimentaires. Les boues enrichies en phosphore
récupérées de ce procédé pourront être utilisées comme biomatériau durable pour la production
d'engrais agricoles. Également, la modélisation de BGA à l’aide de logiciel BioWin permettra de
démontrer la faisabilité de ce procédé pour traitement ment de ce type des eaux usées à pleine
échelle.
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Comparison of Anoxic/Aerobic and Aerobic Sequential Bath Reactors in Textile
Wastewater Treatment
A. ALBAHNASAWI 1*, H. AGIR 1, F. CICERALI 1, N. OZDOGAN 2, E. GURBULAK 1, E.
YUKSEL 1, M. EYVAZ 1
1
2
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Abstract
The textile industry has become a priority in terms of environmental pollution due to several
reasons that it consumes a massive quantity of water, generates highly colored and toxic
wastewater. Also, the effluent from textile industry contains high concentration of various
harmful organic and inorganic compounds because of the usage of many toxic chemicals such as
dyes. As a result, it may cause severe environmental problems; for instance, the textile
wastewater affects the photosynthetic function in an aquatic plant by preventing the penetration
of sunlight and oxygen utilization. This study aims to compare the performance of
anoxic/aerobic and aerobic sequential batch reactors in the treatment of real textile wastewater.
In this study, two separated systems were set-up, and different hydraulic retention times (HRT)
were applied. The comparison was conducted in terms of chemical oxygen demand (COD) and
color removal. In addition. GC-MS/MS was conducted in scan mode to evaluate the performance
of investigated systems in terms of organic compounds removal. Besides, the effect of different
redox environments on the performance of the systems was evaluated. The first system was an
anoxic/aerobic sequential batch reactor with two separated tanks. The working volume and the
volumetric exchange ratio for each tank were 15 L and 28 %, respectively. However, the second
system was an aerobic sequential batch reactor with the same working parameters as in the first
one. The results showed that in general there was a slight increase in COD removal in both
systems as HRT was increased while the COD removal in anoxic/aerobic SBR was slightly
higher than that of the aerobic SBR at the same HRT. For example, at total 24-hour HRT, the
COD removal was 89.3% in anoxic/aerobic SBR while it was 83.07% in aerobic SBR. Similarly,
the performance of anoxic/aerobic SBR was better than aerobic SBR in terms of color removal.
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For instance, at total 24-hour HRT, around 80% of color removal was observed in the
anoxic/aerobic SBR while about 60 % removal was obtained in the aerobic SBR. The
enhancement of COD and color removals in anoxic/aerobic SBR was attributed to a reduction
environment that can degrade the complex compounds such as azo dye which is used in the
textile factory. The GC-MS/MS analysis showed that the number of organic compounds
increased due to the breakdown of complex organic compounds after treatment by the anoxic
tank. To conclude, introducing the anoxic environment enhanced color removals due to the
unique bacterial culture that grows in a reduction environment which could cleavage azo dye and
reluctant organic compounds. This expected result supports the increased number of organic
compounds found in GC/MS/MS analysis since the organic compounds causing color have been
a break down to their intermediate compounds in an anoxic environment. Obtained results
showed that the superiority of anoxic/aerobic SBR towards achieving sustainable practice in the
textile wastewater treatment industry. Finally, the observed complete removal of COD, color,
and organic compounds in the anoxic/aerobic SBR effluent confirms the environmental
sustainability of the investigated system in terms of reducing the discharge of hazardous
substances into ecosystems.
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Removal of Metformin from Water by Adsorption
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Abstract
Metformin (MET) is the active pharmaceutical ingredient of the drug most commonly used by
type 2 diabetes patients in recent years, and there is an increasing number of studies investigating
the transport of MET-containing water and wastewater to the receiving environment and its
possible side effects. MET is the ﬁrst-line oral therapy and the most prescribed oral agent for
type 2 diabetes. It is currently reported to be the highest drug by weight released into the aquatic
environment and a potential endocrine disruptor in ﬁsh. In laboratory-scale studies, it is reported
that effective results are obtained in MET removal by applying phytoremediation, adsorption,
and biodegradation methods, but these methods are less effective in wastewater treatment plants.
While the medicinal use of MET was well characterized, the effect it had on the environment
was still uncertain and new treatment/removal studies are needed. In this study, the removal of
MET from aqueous solutions by adsorption using natural minerals such as clinoptilolite,
diatomite, and sepiolite in powder form was investigated. MET solution was prepared
synthetically in different concentrations with the help of a drug with MET-active-ingredient
obtained from the pharmacy. MET analyzes were performed using a liquid chromatographymass / mass spectrometer (LC-MS / MS) operated in electrospray ionization (ESI) mode.
Langmuir and Freundlich models were used in isotherm studies. The Freundlich was found as
the best isotherm model describing the MET adsorption. In kinetic studies, the K1 and K2
coefficients of clinoptilolite, which revealed the highest MET removal efficiency among the
three minerals, were calculated as (0.029/min) and (0.002 g/mg.min), respectively. It was
observed that 80% of MET was removed within 60 minutes and the model that best described
MET adsorption was the pseudo-second-order kinetic model. The highest adsorption capacity
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was achieved at slightly neutral pH (6.0) and 293 K, while thermodynamic study showed that the
adsorption was spontaneous with a negative ΔG° value. Adsorption, due to the widespread use of
MET-containing drugs, emerges as an important potential process to reduce the harmful effects
of MET that may occur in surface waters and related living ecosystems. However, clinoptilolite
is widespread, easy to find, and has a low price, it can be preferred as an adsorbent and can be
preferred as a pre-treatment process for MET removal.
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Impacts of Vacuum Fermentation of Primary Sludge
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Abstract
Within a wastewater treatment plant (WWTP), primary sludge (PS) can be fermented to produce
volatile fatty acids (VFAs) which can supply the carbon requirement for biological nutrient
removal (BNR) and lead to sludge reduction (Zhang et al., 2015). However, VFA extraction
from sludge remains challenging, requiring comprehensive methods for collection. Adsorption
with polymeric ion exchange resins, reactive extraction using amines combined with
pervaporation or supercritical carbon dioxide extraction, electrodialysis, membrane filtration
crystallization and distillation techniques are some of the methods that have been used to extract
VFA from fermentation broth. These methods are either limited by concentrations, solids content
or cannot be adopted in situ because of adverse effects on fermentation microbes (Murali et al.,
2017; Reyhanitash et al., 2017; Singhania et al., 2013; Zacharof and Lovitt, 2014). In this study,
the application of vacuum distillation is proposed as an option for the recovery of high grade
(low or no solids) VFA stream from fermented sludge. Vacuum distillation eliminates the need
for high temperatures and large quantities of steam by reducing the atmospheric pressure in the
fermenter to less than the vapor pressure of the volatile liquid of interest causing it to be
evaporated at much lower temperatures than its boiling point (Nagel, 2002). The resulting
technology should be easy to retrofit into an existing WWTP and avoid side issues such as odour
generation. The vacuum distillation setup for the experiment consisted of jacketed glass reactor,
vacuum pump, hot water circulating unit, distillation column and refrigeration unit. The
temperature of the reactor was maintained at 60°C and refrigeration unit at 10°C with 3L
working volume in a batch process. The vacuum was applied constantly at 300, 600 and 800
mbar for a maximum of 72 hours or until the fermentate was too thick to be sampled. The degree
of acidification within the fermentate broth was observed to increase with the application of
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stronger vacuum. When fermentation was conducted at 300 mbar, 24% acidification was
achieved in 30 hours, however, acidification only reached 12% in the control experiment after 72
hours. This indicates that vacuum application impacts the breakdown of organic matter, reducing
the time required for fermentation. Additionally, the strength of vacuum appeared to impact the
extraction of VFA in condensate form as shown in Table 1. Using vacuum strength of 300 mbar
resulted in up to 15 mg VFA/g VSS compared with the vacuum strength of 600 mbar which only
extracted 4mg VFA/g VSS. In addition to yielding an alternative carbon source, the inescapable
thickening of sludge can be another benefit to this technology. Thickening of up to 6 times after
vacuum application was observed which could eliminate the need for polymers in a WWTP.
Vacuum application if optimized to be integrated with fermentation has the potential to yield
high grade VFAs that may be used in the WWTP in BNR applications or can supply industries
that require VFAs for manufacturing. Sludge thickening was also observed as a side benefit to
this technology.
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using compound-specific isotope analysis
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Abstract
Benzotriazole is part of a larger family of benzotriazoles which are widely used as lubricants,
polymer stabilisers, corrosion inhibitors, anti-icing fluid components in many commercial and
industrial applications. It is frequently detected in urban runoff, wastewater, and receiving
aquatic environments. In surface waters, benzotriazole is typically resistant to biodegradation
and hydrolysis, but can be transformed via direct photolysis and photoinduced mechanisms, e.g.,
by reactive species formed from dissolved organic molecules. Compound-specific isotope
analysis (CSIA) is a promising tool to track and quantify contaminant transformation in the
environment. Due to the highly reaction-specific isotope fractionation patterns, CSIA can
provide direct evidence of contaminant transformation and has the potential to provide insights
into transformation mechanisms. In addition, measuring changes of isotope ratios of more than
one element can help identify the relative contribution of different reaction mechanisms.
Therefore, the aim of this study was to characterize the phototransformation processes of
benzotriazole using multi-element CSIA. The direct photolysis of benzotriazole resulted in
significant 15N fractionation, with enrichment fators of -3.4±0.4‰ at pH 5, -7.0±0.8‰ at pH 7
and -4.5±0.3‰ at pH 9, respectively, indicating a N-N bond fission yielding imine is the ratelimiting step. The identified transformation products of aniline, 3-aminophenol and phenazine
using UHPLC-MS/MS (Orbitrap) further supported that the yield imine was rapidly stabilized
via two routes: nitrogen elimination followed by hydroxylation and a dimerization process. The
formation of hydroxybenzotriazole during indirect photolysis under UV/H2O2 suggested an
oxidative attack by OH radical on the benzene ring. The insignificant 13C fractionation
(enrichment fator of -0.7±0.1‰) and non-detectable 15N fractionation in the UV/H2O2 system
revealed that the formation of O-C bond at the benzene ring was the rate-limiting step of the
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indirect photolysis. The results of this study highlight the great potential for multi-element CSIA
application to track benzotriazole degradation in complex environments.
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Removal of Per- and polyfluoroalkyl substances during wastewater treatment
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Abstract
Per- and polyfluoroalkyl substances (PFAS) are a group of man-made organic compounds used
in the manufacturing of a variety of products that people use on a daily basis. With over 4730
identified PFAS in the world, their use is in almost every industry available to mankind
(electronics, cosmetics, cleaning, building, apparel, furniture, automotive, oil and gas, health,
aerospace, etc). The liquid waste from these activities goes to wastewater treatment plants but
unfortunately PFAS are not successfully removed and they will be discharged onto water bodies
though the effluent. Moreover, not only are PFAS not removed, but there are studies showing
that their concentration actually increases throughout the wastewater treatment train, making
wastewater treatment plants a major point source of PFAS to the environment.
This is why wastewater treatment plants are the main focus of our study. Their general
treatment scheme includes primary, secondary and in some instances tertiary treatment. In order
to understand the fate of different PFAS throughout wastewater treatment plants, our team has
performed a statistical analysis on available research papers, evaluating influent and effluent
PFAS concentrations. Our findings show that from the many PFAS, only 2 main groups are
predominantly analyzed – Perfluorocarboxylic acids (PFCAs) and Perfluorosulfonic acids
(PFSAs). The research questions here are 1) do PFAS within the same group behave in a similar
way and 2) does the treatment train (secondary treatment only vs secondary + tertiary treatment)
has an impact on the total PFAS removal.

105

TH

56 Central CANADIAN SYMPOSIUM ON WATER QUALITY
RESEARCH
It is important to understand this increase of PFAS during wastewater treatment, in order
to put a stop to this circular pollution, ultimately protecting the environment, animals and
humans from the dangers of these chemicals.
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Abstract
In this study, nanofibrous polyvinylidene fluoride (PVDF) membranes incorporated with Carbon
Nanotube (CNT) have been prepared via electrospinning process. Then the nanofibrous
membrane is integrated with the PVDF open cell foam to produce a multifunctional membrane
platform using supercritical carbon dioxide (ScCO2) as high flux and antifouling membranes for
membrane bioreactor applications. The effect of CNT and the open cell foam on the membrane
morphology, surface hydrophilicity, pure water flux, synthetic wastewater flux and antifouling
properties were investigated.
The SEM images showed the macroporous open cell foam for the growth of biofilm to improve
the organic removal efficiency of the membranes. Smooth fiber surface at low amount of
nanoparticles and the beads or agglomeration of nanoparticles at higher concentration are
observed on the SEM images of the nanofibrous membrane. The pure water flux and the
synthetic wastewater flux increased with higher CNT loadings and 1.5wt% CNT loadings shows
the highest water flux. Membrane hydrophilicity is an important factor on water flux.
Experimental results in Figure (ii) indicate that the water contact angle decreased as the CNT
loadings increased, which promoted the hydrophilicity of the membrane. Antifouling properties
were measured by the filtration of activated sludge. The flux recovery ratio after 10 days of
activated sludge filtration showed that the fouling recovery ratio of the samples improved upto
60% after adding CNT in the spinning solution. The activated sludge filtration test was
conducted for 10 days and the membranes were again used for the filtration for 10days after
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cleaning to evaluate the reusability of the membranes in the membrane bioreactor. Figure 1(i) is
showing the activated sludge flux of the membranes 10days in 2 cycles. The results showed that
90% of rejection ratio and sCOD removal efficiency of 90% of the membranes.
(i)

(ii
)

Figure 1: Effect of CNT on (i) activated sludge flux (ii) contact angle
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Contribution of Hydroxylamine on the Anammox Micro-Granular Bioreactor
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Abstract
RESEARCH BACKGROUND
As a result of the energy-intensiveness of conventional designs, there has been a major shift from
nitrification-denitrification system configurations to a new and innovative generation of nitrogen
removal processes [1]. One of the most promising substitutes, initiating an energy-producing
treatment system are ANAMMOX-based processes [2]. Biological nitrogen removal through
anaerobic ammonium oxidation (ANAMMOX), leads to significant savings in aeration cost and
organic carbon addition requisites, along with less sludge production [3]. The bacterial community
responsible for anaerobic ammonia oxidation is exemplified as extremely slow-growing
population, having an approximated doubling time of 10-30 days, leading to low biomass yields
[4].
PROBLEM STATEMENT
Anammox process long start-up period, continues to be a major issue because of low bacterial
growth rates and cellular yields, causing a shortage in providing sufficient amounts of anammox
seed and operational limitations worldwide. Development and operation of sidestream anammox
processes has augmented since the initial full-scale systems, yet there are several aspects which
mandate additional investigation and deliberation by the practitioners, to reach the operating
perspective, set for the facility [5]. Various approaches are necessary to be studied to accelerate
bacterial metabolism, especially in mainstream conditions, to restore the anammox activity and to
stimulate the nitrogen removal rate in the system [6].

109

TH

56 Central CANADIAN SYMPOSIUM ON WATER QUALITY
RESEARCH
OBJECTIVES
This study aims to improve the operational factors for syntrophic micro-granular anammox
consortium cultivation in a laboratory scale UASB reactor from sole activated sludge without any
bioaugmentation from a previously enriched anammox biomass, to overcome the issues related to
seed availability as well as sludge retention and growth in newly started anammox reactors. This
research also focuses linking the potential stimulatory effects of hydroxylamine to mainstream
application.
RESULTS AND DISCUSSION
The reactor, running for approximately one year, reached 95% nitrogen removal, after less than
two months in the stabilization phase, with a loading rate of 0.22 KgN /m3/ day (Figure 1-A).
Settling properties of biomass improved (SVI changed from 81.29 for the initial RAS sludge to
38.33 cm3. gVSS−1), while the SRT of the reactor was 36–72 days. Anammox bacteria abundance
increased in process of granule formation and the microbial species present in the sludge changed
throughout the three phases. Species identified at the end of process in phase three were more
member of anammox or filamentous bacterial groups, than the species of the seeding sludge. This
study successfully achieved ideal micro-sized anammox granular sludge to obtain high nitrogen
removal efficiency and minimum biomass washouts, as well as prompt anammox enrichment from
activated sludge within less than 50 days of operation. Experimentation on two set of batch assays
in high-temperature mainstream anammox process conditions indicated that (Figure 1-B),
addition of 10 and 30 mgN/L of hydroxylamine, increased the NRE from zero to 26.13 and 42.29%
in nitrite-inhibited tests.
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Figure 1 (A)The performance of the reactor with continues operation: Nitrogen load rate (NLR), nitrogen removal rate (NRR),
and nitrogen removal efficiency (NRE), (B) Variation of granule size distribution, NRE and NRR in in different hydroxylamine
concentrations in batch assay experiments

CONCLUSION
The result of this study can pave the path towards an improved Anammox start-up and performance
in addition to introducing a boosting agent for high-temperature mainstream anammox process
implementation.
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Abstract
The widespread distribution of microplastics has attracted increasingly more attention due to
their potential effects on human and ecosystem health. One fundamental step in microplastic
studies consists of the identification and classification of microplastic particles in a given sample.
Currently, this process relies heavily on manual labor, including picking the possible
microplastic particles under a microscope and confirming their nature using infrared or Raman
spectroscopy. This process is time-consuming, prone to human error, and requires expensive
spectroscopic techniques and expertise to interpret data. The goal of this research is to propose
an alternative method based on machine learning algorithms to predict the microplastic
composition of a given sample. For that, we are using data that can be readily measured, for
example, the total mass of particles in a given size range. A model relating microplastic counts to
simple descriptors such as mass is developed. Synthetic and experimental training data from our
laboratory and nearby research groups is collected and a variety of methods are applied to the
model, including linear regression, kernel method and decision trees. We found that kernel ridge
regression achieves the strongest performance, and the algorithm is better at predicting the
counts of larger and more homogenous samples. In mixed samples, prediction error is lower for
heavier particles, with an error rate comparable to or better than that of manual counting.
Ultimately, we aim to save a large amount of time and effort for people who need a preliminary
report on microplastic count in a given sample, in particular in underdeveloped areas where
advanced laboratory equipment is unavailable.
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