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U.S. infectious disease crude death rate, 1900-2000
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Water treatment is important!
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How do we assess public health protection through treatment?
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Canadian (and U.S.) Protozoan Pathogen Treatment Credits for Filtration

• All surface water requires conventional filtration or
equivalent treatment…regardless of water quality!

• Filtration avoidance is possible, but not common
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Canadian (and U.S.) Protozoan Pathogen Treatment Credits for Filtration
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Canadian (and U.S.) Protozoan Pathogen Treatment Credits for Filtration
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Microspheres Used for Treatment Performance Assessment

microsphere

oocyst

400X magnification

Oregon State University/Flickr, CC BY-SA

https://www.flickr.com/photos/oregonstateuniversity/21282786668
http://creativecommons.org/licenses/by-sa/4.0/
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Microplastics Toxicity is Emerging, Treatment is Generally Understood 
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Climate Change Undermines Assumption of Stationarity



| 11

Cryptosporidium removal by filtration is not always > 3-log  

How do we ensure “well-operated” filtration?
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Pilot Tests: Filter Design, Operation & Monitoring Approaches

• Evaluate Cryptosporidium removal: 
(1) by deep and shallow filters, 
(2) at cold (<10˚C) and warm (>20˚C) water, and 
(3) at typical (~5-10 mg/L) and zeta potential-informed (+/-5 mV of ZPC) coagulant doses (with replication) 
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WRF Project 5110 Phase 1 Overview

• Goal #1: Demonstrate the importance of sufficient 
particle destabilization for oocyst removal by filtration 
(regardless of filter design)

• Goal # 2: Highlight that sufficient particle destabilization 
by coagulation alone does not guarantee oocyst removal 
by filtration → hydraulics also play a role

Anthracite GAC Sand Ceramic

alum 2 15 250 250

A alum 2 15
B alum/PACl 9.8-24.4 7.5

alum 4.1 15 1000 300

A PACl 9.7 15 900 300

B alum/PACl 9.8-24.4 7.5 450/300
C PACl 4.7 15 1500 300

HLR (m/h) ID (cm)

3

1

2 450

4

300

Media depth (mm)
Filter # Coagulant
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Physico-chemical filtration is not a size exclusion process
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Particle deposition on surfaces requires particle destabilization

This pertains to the attachment aspect of filtration
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Particle destabilization is achieved by coagulation

Adapted from Amirtharajah & Mills (1982) as cited in Crittenden et al. (2012)
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Filtration: Sometimes called “Chemically-assisted Filtration” (CAF)
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Low CAF effluent turbidity does not guarantee >3-log oocyst removal

hydraulic surge
Turbidity is sometimes insufficient for
ensuring “well-operated” filtration
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Zeta potential of oocyst seed suspension (mV)
No coagulation Coagulant dose not optimized using zeta potential
Coagulant dose optimized using zeta potential target of around -5mV Ripening & surge
New experimental runs since Periodic Report #3

×

×

Sub-optimal Particle
Destabilization Zone

Optimal Particle
Destabilization Zone

"Transition" Zone

WRF 5110: C. parvum removal by CAF during various operational periods
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WRF 5110: Performance Comparison: Optimal Oocyst Destabilization

Same experimental conditions:

• Filter configurations 
(shallow/deep)

• Seeding protocol 
• Pilot coagulant dose 
• Oocyst seed suspension ZP 

(Zero point of charge ± 5 mV)

Conventional 
filtration 

treatment 
(Task 1)

In-line filtration 
treatment
(Task 3.2)



| 21

Resilience in Risk Management
Base Case

Filter 1
Filter 2
Filter 3
Filter 4

A B C D E

ripening stable opera�on

late breakthrough backwashing

early breakthrough

time

1 432
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Resilience in Risk Management: It’s time to rethink our targets!

Focusing on increasing individual filter performance
(beyond a minimum threshold) typically has a negligible impact
on plant-scale performance! 
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Significant Findings & Implications to Water Industry
(1) Filter effluent turbidities of 0.3 NTU, 0.1 NTU, or lower do not ensure 3-log removal of

Cryptosporidium by CAF without optimal particle destabilization by coagulation

(2) “Well-operated” (and designed) CAF plants sufficiently optimized for particle removal
should be capable of achieving 3-log removal of Cryptosporidium oocysts… and
microplastics

(3) Zeta potential analysis is very useful for ensuring that coagulant dosing is sufficient for
achieving particle/pathogen destabilization and 3-log (or higher) removal of
Cryptosporidium, microplastics, and other colloidal particles by CAF

(4) In Toronto, post-coagulation zeta potential of ~-4 to -5 mV (or closer to the zero point of
charge) appears to indicate sufficient coagulant addition for particle destabilization
such that at least 3-log removal of oocysts is achieved by chemically-assisted filtration
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Significant Findings & Implications to Water Industry
(5) Treatment of particulate contaminants (e.g., microplastics) should be considered in the

broader, established mechanistic context of treatment processes.

(6) Holistic risk management approaches (e.g., plant-scale microbial risk assessment) are
essential to developing

(7) Well-operated inline filtration appears to achieve oocyst removals that are equal to or
higher than those achieved by conventional filtration

(8) Well-operated inline/direct) filtration likely deserve 3-log oocyst removal credit

(9) Increasingly variable source water quality can be expected in a changing climate. Even
in systems such as the Great Lakes! Tools for ensuring treatment process, operational
resilience, to these changes, and associated risk management will be integral to
ensuring public health protection from waterborne disease in the future
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WRF Project 5110 Filtration Process Control for Pathogen Removal & Climate Change Adaptation
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Thank you
Monica B. Emelko
mbemelko@uwaterloo.ca

www.waterstp.ca
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