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Jackson, LJ (2019) Advancing Canadian Wastewater Assets (ACWA) bridges laboratory-scale testing of wastewater wastewater 
technologies and effects on receiving environments. Can. J. Civil Eng. 47: 998-1004.



Scale of Science

Jackson, LJ (2019) Advancing Canadian Wastewater Assets (ACWA) bridges laboratory-scale testing of wastewater wastewater 
technologies and effects on receiving environments. Can. J. Civil Eng. 47: 998-1004.



Water Intake Slab
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Intake Building Blocks
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Intake Heat Exchanger
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Intake Structure Complete  – Spring 2013
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Intake – flooding damage
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Pump Station Heat Exchanger 
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Experimental Streams – clay bed
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Experimental Streams – Flowing All Winter!
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- 27 o C



Research Streams
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• 12 streams (320 m each)
• naturalized, replicated
• 10 pools/riffles each

• measure environmental effects
• develop diagnostic tools and markers



Distribution Galleries



Analytical Lab
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Ultra-filtration



ACWA’s Research Foci

Engineered Technologies

Research & Demonstration

Environmental Impacts

Fate, Transformation, Diagnostic Tools

Public Health

Surveillance, “Pharmaprinting”

Antimicrobial Resistance

MIF, AI, X-cutting theme, WHO

Microplastics
Fate & Distribution



Industrial Partnerships
IBM/Mitacs

- Development of a water collaboration platform (SWIM – Sustainable
Watershed Integrated Management)

Agilent Technologies
- Partnership on application development and analytics for untargeted 

analyses via LC/QToF

Blue Leg Monitor (The Netherlands)
- Evaluation of hyperspectral sensing to identify blue-green algal blooms
- Goal: couple science with sensor technology to predict microcystin 

(toxin) production

Trojan Technologies 
- Pilot of Cl-based oxidation for reuse options

SAIT
- exploration of AI to mine data from drone imagery



Pushing the Limits
Transgenic Algae (Jackson & Alcantara)

- Research that has taken genes from antibiotic resistant bacteria and 
inserted them into algae; genes expressed in presence of antibiotics  

- Applications: feedlots to industrial waste (final product = biofuel) 

Aerobic Granulation (Tay)
- Potential to allow biological nutrient removal in a very small footprint

Water Reuse (ACWA, Xylem, AHS, Village Brewery)
- Development of regulations and demonstration project of first direct 

potable water demonstration in Alberta 
(probably Canada)

Fredsense Technologies
- Development of nutrient, metals and 

SARS CoV-2 rapid measurement 



Plastic in our Environment

https://www.nguoiduatin.vn/mumbai-dang-bi-rac-thai-nhua-xam-lan-nhu-the-nao-a379640.html
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Microplastics

Microplastics = 250 µm – 5 mm size



Microplastics

Primary: enter the environment as a microplastic (eg, microbeads)

Secondary: larger pieces of plastic that have broken into smaller pieces
(eg, fragments from a plastic bag)



What Does Science Say About Microplastic Pollution?
Main concerns are due to ingestion:

1. microplastics perceived as food by fish, amphibians, reptiles, birds

2. may cause abrasion to digestive tract once ingested

3. may have toxins absorbed to their surface (eg flame retardants)

4. release chemicals (recall bisphenyl-A (BPA) and MEC pulling polycarbonate 
bottles from their shelves in 2007) such as phthalates, that are biologically active.
DEHP: Di-2-ethylhexyl Phthalate

Makes plastic flexible, yet leaches out of plastics with repeated use, 
washing and heating. Is contained in medical devices, furniture products, 
personal care products and cosmetics. It is an endocrine disruptor that 
affects the ovaries, uterus, testes, kidneys, nervous system and thyroid*.

Municipal wastewater treatment plants are a large point source of microplastics because
plants accept waste from our homes, hospitals, industries and microplastics are
generally too small to be effectively removed.

*Rowdhwahl and Chen (2018) Toxic Effects of Di-2-ethylhexyl Phthalate: An Overview. Biomed Research International 
doi: https://doi.org/10.1155/2018/1750368

https://doi.org/10.1155/2018/1750368
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Generalized Wastewater Treatment
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Fate of Microplastics in WWTP
BSc Honours Thesis Project of Paige Jackson (Co-Supervised by Dr. Sean Rogers)

Sampling Final Effluent Sampling UF Effluent



Sampling Design
• Samples Taken Of:

Influent
Final Effluent
Biosolids

• 1 x / week for 8 weeks, then frozen

• Determination of digestion protocol
(practice sludge)

• Digestion (50% H2O2), filtration (47 mm, 1.2 µm, glass fibre filters), microscopy, 
FTIR-ATR

• Statistical Analyses
(C2 and ANOVA)



Initial Screening

Initial Screening (250 µm) and collection



Final Effluent Digestion



Biosolids Digestion



Membrane Backflush



Membrane Backflush, Post-digestion
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Membrane Backflush, Post-digestion, Filtered

47 mm, Glass Fibre filter, 1.2 µm



Raw Influent, Post-digestion



Microscopy 



Example Filters & Plastics

Fibres (zoomed in) Nurdles and Foam

47 mm, Glass Fibre filter, 1.2 µm

Biosolids Final Effluent



Questions

1. Does the proportion of different microplastic categories change throughout
the treatment process?

2. Do microplastics partition differently between biosolids and final effluent?

3. Does the amount of microplastics in influent (by category) balance
with what is measured in biosolids and final effluent? 

Influent
Biosolids

Final Effluent



Water Reuse
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The South Saskatchewan River Basin (Red Deer, Bow & Oldman Rivers) is closed 
to new water licences (effective 2006).

Growth requires water. If you need water, you must purchase from an existing 
licence.

Growth will require that we do more with the same, or less (think changing climate)

Water Reuse, where water is used, treated and used again for the same or another
purpose is part of the solution

Once treated, water is fit for a purpose. Water Safety Plans  (developed by AHS) 
determine the level of treatment required to treat water to be reused. 



Wastewater to Beer!

43

Last year, ACWA partnered with Xylem,
Village Brewery and AHS to treat 
raw sewage and make beer with the
treated water.

AHS worked with ACWA to develop
the water safety plan for this project.

Treatment processes were constantly 
monitored while the water was 
treated. A third party lab confirmed
that treated water met all Canadian
drinking water guidelines.

The beer was launched on August 22,
2020 (Earth Overshoot Day 2020).



Requirements of the Water Safety Plan
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The real win was the development of the Water Safety Plan that allowed treatment of the worse 
water (raw sewage) to the best water (potable). 

The plan is the first in Alberta, and very likely Canada.

§ System design and LRVs

Process
Log10 reduction 
values Viruses

Log10 reduction for 
Cryptosporidium

Log10 reduction for 
Giardia

1° and 2°
treatment 2.2 0.7 2.3

Ultrafiltration 2 4 4

Ozone 6.5 3 3

UV 4 3 3
RO 

(at brewery)*
6 6 6

Processing 
(at brewery)*

4 4 4

TOTAL 14.7 (24.7) 10.7 (20.7) 12.3 (22.3)

* These are theoretical log10 reduction credits based on Sharvelle et al., 2017 



Media Attention
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Media Attention
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Antimicrobial Resistance (AMR)
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Clearly, water reuse strategies focus on public health safety and risk reduction
from exposure to pathogens.

”Superbugs” are microbes that have developed or acquired resistance to antimicrobial
agents, including metals and antibiotics (many people associate superbugs with hospitals
eg, MRSA - Methicillin-resistant Staphylococcus aureus). 

Evidence is emerging that bacteria in wastewater treatment plants have acquired
resistance to a growing list of antimicrobials (metals, UV radiation, antibiotics).



Why is this Important?
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National Geographic



Calgary’s WWTP
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Half of wastewater treatment plant isolates that display antibiotic resistance are
resistant to > 6 antibiotic classes

Tao Dong, unpublished data



Urinary Pathogenic Escherichia coli (UPECs)
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2. Foxman B. (2014). Urinary tract infection syndromes occurrence, recurrence, bacteriology, risk factors, and disease burden. 
Infect. Dis. Clin. North Am. 28, 1–13. doi: 10.1016/j.idc.2013.09.003 

1. Terlizzi ME, Gribaudo G & ME Maffe (2017) UroPathogenic Escherichia coli (UPEC) Infections: Virulence Factors, Bladder Responses, Antibiotic, and Non-antibiotic 
Antimicrobial Strategies Front. Microbiol. 8: 1566. doi: 10.3389/fmicb.2017.01566

• There are 150 million Urinary Tract Infections (UTI) globally each year1

• 40 % of females will have 1 UTI in their lifetime

• 11 % of females over 18 will have 1 UTI/year

• UPEC accounts for 80-90 % of community acquired UTIs

• In the USA alone – 11 million annual cases of UTIs; $5 Billion in health care costs2

• Resistance is developing to3: 
- trimethoprim-sulfamethoxazole (14.6 – 60 %) [European countries]
- fluoroquinolones (55.5 – 85.5 %) [developing countries]
- amoxicillin-clavulanic acid (5.3 – 37.6 %) [Germany, France]

3. Kot B (2019) Antibiotic Resistance Among Uropathogenic Escherichia coli. Pol J Microbiol. 68(4): 403–415.

https://dx.doi.org/10.3389%2Ffmicb.2017.01566
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7260639/


Research Questions
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1. What ozone (O3) dose and contact times lead to complete wastewater 
disinfection?

2. What bacteria survive current O3 dosing regimes?

3. What variation in antimicrobial elements are present in municipal wastewater 
treatment plants, dairy and beef operations and their receiving environments?

4. What are the rates of horizontal gene transmission in environmental 
reservoirs? 



Research Approach
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1, 2.  Our approach is to manipulate O3 dose and contact times, followed by 
measurement of wastewater disinfection endpoints and identify treatment 
survivors (species or functional groups).

3. We will survey wastewater treatment plant and agricultural (dairy and beef) 
operations wastewater isolates for antimicrobial resistance. 

4. We will grow periphyton communities on unglazed tiles in ACWA’s replicated, 
naturalized research streams that receive different 
treated effluents to evaluate the changes in antimicrobial elements over 
time. 



One Health @ UC
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University of Calgary has created a new research focus under the One Health paradigm

• Antimicrobial Resistance

• Healthy Aquatic Ecosystems

• Infectious Diseases and the Microbiome

• Healthy Communities

A One Health approach explicitly recognizes that infectious disease arises from the interactions
of hosts, pathogens and our environment. We need to understand key drivers and 
develop a range of solutions (behavioural and technological).



Contact Information

§ Dr. Lee Jackson
§ E: ljackson@ucalgary.ca

§ P: (403) 220-6790

mailto:ljackson@ucalgary.ca

