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A little about me
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U.S. infectious disease crude death rate, 1900-2000
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Water treatment is about public health protection

Cartoon by Zim (1919)  Source: Cutler & Miller (2004)
ALL water supplies require some level of treatment
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Drinking Water, “Water Security” & the Importance of “Treatability”



| 6

2003 Lost Ck. (2004-2014) 2016 Horse R. (2016-ongoing)

2017 Kenow Mtn. (2018-ongoing)
2014
Spreading Creek

2017
Elephant Hill, Thuja Ck. 
Little Fort Complex (B.C.)

2012
Milk River 

Provincial risk analysis

Southern Rockies Watershed Project

Waterloo
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Drinking water treatability 
must be considered.

Key Water Quality Drivers of Drinking Water Treatment

Process Turbidity Color TOC

Conventional
high

>20 NTU
high

>20 c.u.
high

>4 mg/L

Direct/Inline
Filtration

low
≤15 NTU

moderate to low
≤20 c.u.

low
<4 mg/L

Microfiltration
low

≤10 NTU
moderate to low

≤10 c.u.
low

<4 mg/L

Almost all “typical” target compounds can be readily treated
by currently available processes/technologies.

Emelko et al. (2011)
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Drinking water treatability 
must be considered.

The Importance of Treatability

Lindeboom et al. (2020)

We can treat water, even in space.
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Emelko et al. (2011)

Almost all “typical” target compounds can be readily treated
by currently available processes/technologies.

How resilient are systems to water quality fluctuations?

Process Turbidity Color TOC

Conventional
high

>20 NTU
high

>20 c.u.
high

>4 mg/L

Direct/Inline
Filtration

low
≤15 NTU

moderate to low
≤20 c.u.

low
<4 mg/L

Microfiltration
low

≤10 NTU
moderate to low

≤10 c.u.
low

<4 mg/L

Key Water Quality Drivers of Drinking Water Treatment



Wildfire Threats to
Source Water Quality & Treatability 
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Pepacton Reservoir, Downsville, NY 

Sydney, Australia

Lake Miygase, Tokyo, Japan

Guandú Watershed, 
Rio de Janeiro, Brazil

Lake Paijane, Helsinki, Finland

Bow River Basin, Calgary, Canada

Forests: Critical Sources of Drinking Water
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Landscape Disturbances in a Warmer World
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Landscape Disturbances in a Warmer World – Adaptation?
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(Photo: Sheena Spencer/SRWP) (Photo: Kaleigh Watson/Parks Canada)

Wildfire impacts on water?
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Wildfire can be especially “hard” on water…
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Wildfire can be especially “hard” on water…
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Water quality deterioration can be expected after severe fire…

17

Before…

….After

Impact?
How big? 
How long?
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Sediment and Turbidity after Wildfire: A Legacy of Impacts

Untreated               After BSF               After PAC                Tap water

Silins et al. (2019)
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Water quality: Impact of Erosion, Fine sediment & Biostabilization

Untreated               After BSF               After PAC                Tap water

“Cumulative impact” is the impact on the environment which
results from the incremental impact of the action when added
to other past, present, and reasonably foreseeable future actions
…Cumulative impacts can result
from individually minor but collectively significant actions
taking place over a period of time.

Leslie Reid

Council on Environmental Quality (CEQ Guidelines, 40 CFR
1508.7, issued 23 April 1971)

undisturbed
riverbed

riverbed
biostabilization

+

post-disturbance
nutrients + biofilm

post-disturbance
fine sediment

Critical Shear
Consolidation Stress for Erosion

Period for Erosion (Tc) Depth @ Tc
[day] [Pa] [mm]

Castle River 2 0.105 0.013
UNBURNED 7 0.141 0.008

14 0.165 0.014

Lynx Creek 2 0.120 0.336
BURNED 7 0.230 0.426

14 0.310 1.540

Physical Sediment Characteristics
• Increased risk of taste & odor events

• More variable source water quality

• Better control over coagulation required!

Stone et al. (2011) Water Research
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Wildfire-ash Associated Shifts in Dissolved Organic Carbon Character 

Skwaruk et al. (2020)Emelko et al. (2011)
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Emelko et al. (2011)

Sediment and turbidity after wildfire: Event sampling is important!
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Sediment-associated Contaminant (e.g., Metals) Increases after Wildfire

Smith, H et al. Desktop review – Impacts of bushfires on water quality, DSEWPC, March 2011
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Phosphorus, Algae, and Nitrogen after Wildfire

Silins et al. (2014)
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Wildfire impacts on water quality that drive treatment design & operation

(Abbreviated from Emelko et al., 2011)
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Emelko et al. (2011)

Almost all “typical” target compounds can be readily treated by currently available processes/technologies.

How resilient are systems to water quality fluctuations?

TREATABILITY (infrastructure AND operations) must be a consideration!

Process Turbidity Color TOC

Conventional
high

>20 NTU
high

>20 c.u.
high

>4 mg/L

Direct/Inline
Filtration

low
≤15 NTU

moderate to low
≤20 c.u.

low
<4 mg/L

Microfiltration
low

≤10 NTU
moderate to low

≤10 c.u.
low

<4 mg/L

Key Water Quality Drivers of Drinking Water Treatment
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• Loss of power and SCADA
• Loss of pressure
• Staff unable to get to work
• Boil water orders for systems that 

cannot be operated or 
lost pressure 

• Excess draw for fire fighting
• Loss of pump or treatment plant 

throughput 
• Failure of upstream pollution 

control facilities
• Debris flows
• Contamination of distributed water

27

Wildfire: Immediate- and Shorter-term Concerns for Water Providers

Photo by Richard Hinrichs of the State Water Resources Control Board.

Less about treatment  More about emergency response
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Wildfire impacts on water quality that drive treatment design & operation

(Abbreviated from Emelko et al., 2011)
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High quality systems have the most to lose…
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…but  impacts can be observed in all systems!
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2016 Horse Rive wildfire: Impacts to water treatment and security?
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Watershed- vs plant-scale impacts: Importance of local hydrology

Emmerton et al. (2020)
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Watershed- vs plant-scale impacts: Importance of local hydrology

Emmerton et al. (2020)
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• Upstream local hydrology affects water quality entering Fort McMurray WTP
• Water quality change very difficult to anticipate

Horse River Wildfire Effects on Water Treatment

Little Fisheries Creek
Upstream of FMM WTP
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• Increased, more variable UVA254 – increased coagulant demand, tougher to get dose right!
• Microbial community in ponds also affects DOC character, coagulant demand & DBP precursors
• Maintained excellent quality of treated water….
• …50% increase in chemical coagulant costs alone (+ distribution system maintenance implications)
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Fine Sediment-associated Phosphorus (P) and Algae Blooms

…every year!
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Piloting Program: Raw Water Pond Assessments

• Clearly evolving biological system within the raw water ponds
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2016 – 2023 Observations Overview
2016-2020:
• DOC leads to increased coagulant demand and

potential distributions system impacts
• Sediment-associated bioavailable P promotes algae growth
• Toxin formation is a significant concern = RISK

2021/23:
• DOC remains a persistent issue
• Increased bioavailable P in raw water pond sediments = RISK
• Algae blooms every year since 2016 wildfire
• Increased algal diversity & more alignment with

known toxin formers = INCREASED RISK
• Capacity to produce microcystin (regulated toxin) = INCREASED RISK
• Fort McMurray WTP: does not have the technology to treat all toxins

2023:
• Microcystin & geosmin detected in raw water during algal blooms 

NO TOXIN MEASURED IN TREATED WATER
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Algae blooms – Risk Management
• Ozone is the most effective oxidant for potential algal toxins
• Microcystin only regulated cyanobacterial toxin (MAC of 0.0015 mg/L)
• Other toxins not yet regulated here, but will likely be in the future 
• Combination of ozone and free chlorine addresses all toxins….?

Cost?! $25+ million

Intra-cellular toxin?



Workshop Overview

Wildfire Threats to Forested 
Drinking Water Supplies 
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October 3, 2023 Workshop

Goal:  Provide a state-of-the-science assessment of knowledge and practice on the characterization of 
wildfire impacts on water supplies, treatment, and distribution. 
Strategies for proactive and reactive watershed management were also discussed.
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October 3, 2023 Workshop

The workshop was structured to address three key questions:
1. What is the newest understanding of wildfire threats to water supply and treatment?
2. What water management options are available to mitigate wildfire threats to water supply and treatment?
3. What forest management options are available to mitigate wildfire threats to water supply and treatment?
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• Wildfire threats to water supplies are recognized and increasing globally. Fires differ in size and intensity, and the severity 
of impact can vary spatially and temporally, depending on wildfire size, intensity and severity; physical, biological, and 
chemical attributes of the landscape; and hydroclimatic conditions before and after the fire.

• Vegetation is reduced or absent after severe wildfire. In some cases, more precipitation reaches the land surface, soils can 
become hydrophobic, and there can be reduced infiltration and increased surface runoff, leading to increased erosion. In 
some areas, intense rainfall can trigger fast-moving debris flows that can strip vegetation, block drainage ways, damage 
structures, reduce raw/untreated water reservoir storage capacity, and endanger human life.

• When surface water quality is impacted by wildfire, it is typically more variable with increased peak values. In rivers and 
streams, these changes are typically episodic and observed at higher discharge conditions. Changes in water quality can 
include increases in turbidity/suspended solids and fine sediment-associated contaminants including metals, organics 
(e.g., PAHs, dioxins, furans), and nutrients (phosphorus, nitrogen, and micronutrients). Dissolved ammonium and nitrate 
can also increase. Dissolved organic carbon (DOC) is frequently elevated and more aromatic after wildfire, thereby leading 
to increased coagulant demand and disinfection by-product formation potential and potentially the associated need for 
increased removal prior to disinfection. In some areas, releases of phosphorus from sediments to the water column have 
been observed and have promoted primary productivity, including the proliferation of algae that can produce toxins of 
human health concern and microorganisms associated with the production of taste and odor compounds.

43

Established International Consensus
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• When fire occurs on the built environment, infrastructure can serve as a secondary source of contaminants via adsorption 
and desorption processes. These typically persistent organic contaminants can be released to both source (i.e., via runoff) 
and treated water supplies; for example, VOC/SVOC contamination of isolated water supplies in buried distribution 
networks.

• Collectively, the potential water quality impacts of wildfire underscore that wildfire may challenge drinking water 
treatment plants beyond their operational capabilities, possibly resulting in increased costs, service disruptions, or 
outages. As well, they may further result in the release of contaminants to the distribution system. Thus, water treatment 
resilience that reflects the collective importance of source water protection, treatment, and distribution barriers should 
be prioritized.

• Wildfire impacts on water quality and treatability can range from none to long lasting and/or severe, and may be 
immediate or delayed (e.g., years). In some regions they can last for decades or longer. As well, some contaminants can 
be transported over long downstream distances. Wildfire effects on water quality and treatability are often most evident 
in the first several years after wildfire. 

• Severe wildfire on a relatively small percentage of watershed area (e.g., < 10%) can have a significant impact on 
untreated/raw water quality and treatability, even at large basin scales and in systems with already deteriorated source 
water quality.

44

Established International Consensus



Recent Advancements
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You don’t have to have a wildfire to be impacted by it…
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Fire in the Built Environment

Who is responsible for evaluating
distribution system/premise plumbing contamination?



Framework

Wildfire threats to drinking water:
Risk management strategies & needs
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Multi-barrier Approach to Safe Drinking Water 

Source: Conservation Ontario

• How do we know if things are 
changing if we don’t monitor?

• What should we be looking for to 
ensure treatment resilience?

• Guidance for watershed monitoring 
is lacking and needed.
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A framework for identifying risk management strategies and needs

Coagula�on/Clarifica�on
↓ DOC removal
↓ clarifica�on
↑ coagulant & PAC demand
↑ sludge produc�on

Source Water/Reservoir

Water quality metrics:
- turbidity
- DOC, UVA, SUVA
- DOC frac�ons (if possible)
- alkalinity
- pH
- P (dissolved, par�culate)
- N (e.g., NO3

-, NH4
+, NO2

-

If relevant:
- metals (e.g., Hg, Pb, Cu)
- pyrogenic VOCs (e.g., PAHs)
- cyanotoxins 
- taste & odor compounds
- fire retardants
- other trace organics 

Fine sediment metrics 
(reservoirs):

- par�culate P bioavailability

If relevant:
- metals (e.g., Hg, Pb, Cu)
- pyrogenic VOCs (e.g., PAHs)
- fire retardants
- other trace organics 

Mi�ga�on

General Chemistry
↑ alkalinity
↑ pH
↑ metals

DOC
↑ concentra�on
∆ character 
↑ trace organics*

Key considerations:
• Know your source! Disturbance impacts are best 

iden�fied with pre-disturbance data—otherwise, 
appropriate iden�fica�on of reference watersheds is critical

• Pre- and post-disturbance data are ideally longer-term 
(~5+ yrs.) to reflect hydroclima�c variability (wet/dry yrs.), 
storm events/freshet, and lags in downstream propaga�on

• ↑ monitoring a�er fire, especially storm events/freshet 
over the entire hydrograph

Monitoring
Opera�onal 

Response

Solids
↑ loading/turbidity
↕ density 

Filtra�on
↑ clarifier solids carryover 
↑ biological growth
↓ filter run �me

Disinfec�on
↑ disinfectant demand 
↑ DBP forma�on poten�al

*↑ advanced treatment need

Treatment Plant

Water quality metrics:
- online turbidity at intake
- online UVA254 at intake 

post-clarifier, final effluent
- DOC at intake, post-

clarifier, final effluent 
- DBPs if clarifier/filter 

effluent DOC/UVA elevated

If relevant:
- DOC frac�ona�on
- zeta poten�al analysis

Performance metrics:
- clarified water turbidity
- filter run �me
- filter ripening �me
- filter effluent turbidity**
- disinfectant C✕t**

(**essen�al to avoid service disrup�ons)

Distribution system:
- ash in exposed pipes
- heat-driven contamina�on 

(e.g., benzene) from pipes
- rapid decay of disinfectant 

residual

Source Water/Reservoir

Key considerations:
• Pre-emp�ve forest fuel 

management:
- mechanical thinning
- prescribed fire

• Source diversifica�on

• Reservoir management:
- offline reservoirs: shutdown 

& re-opening protocols 
- online reservoirs: flushing 

protocols

• Solids/contaminant source 
tracking/modeling; debris 
flow risk assessment

• Post-fire erosion controls:
- log debris or check dams 
- mulching
- seeding
- sediment traps
- floa�ng barriers/debris boom

• Algal bloom risk 
management op�ons:
- intake loca�on change
- floa�ng covers
- aera�on
- algicides
- sonica�on
- fine sediment control/    

P inac�va�on 

• Reservoir dredging to 
remove solids & debris

Treatment Plant

Key considerations:
• Chemical dosing capacity:

- chemical supply availability
- alternate suppliers
- chemical storage capacity
- dosing pump capacity

• Capacity to conduct 
rapid/frequent jar tests

• Capacity to manage higher 
and/or more aroma�c DOC 
(e.g., PAC, GAC)

• Zeta poten�al analysis to 
op�mize coagulant dosing 
(if relevant)

• Sludge handling capacity

• Plant flow reduc�on to 
ensure chemical dosing and 
sludge handling 

• Ligh�ng control near 
clarifiers to discourage 
algae prolifera�on  

• Frequency of filter 
backwashing to manage 
increased solids loads

• Distribu�on system 
flushing or replacement to 
remove VOC contamina�on

*If relevant (e.g., urban areas w/high runoff)

Nutrients & Algae
↑ phosphorus (P) 
↑ nitrogen (N) 
↑ cyanobacteria

Disturbance

Water quality 
change?

Treatment 
implica�ons?

Skwaruk et al. (in review)
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Resilience to wildfire is resilience to most natural landscape disturbance!

https://doi.org/10.1002/awwa.1925

https://doi.org/10.1002/awwa.1925


We regularly offer hold webinars and partner 
workshops. Please contact us if you’re 
interested in participating!

mbemelko@uwaterloo.ca

forWater Network Information
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forWater: Advancing Resilience in Source Water Protection & Treatment

Tradi�onal SWP
≈ Conserva�on?

Contemporary SWP
for Resilience

Climate change adaptation: 
Leveraging and integrating “green” & “grey” 
infrastructure & techno-ecological nature-based solutions
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Co-developing Research & Accelerating Actionability

>$60M prior investment
~$9 million Network
~$15 million current
          investment
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Adaptation:  Both Green (SWP) & Grey (In-plant) Infrastructure are Needed

Mitigation of the impacts of wildfire on drinking 
water supplies requires a three-pronged 
approach that includes:

1) Assessment of wildfire risks based on the potential to impact 
the desired values for protection, which includes drinking 
water supplies as a consideration

2) Strategic forest management for the protection of source
water supplies, specifically drinking water treatability

3) Drinking water supplier preparedness (i.e., enhancements to 
infrastructure)

Emelko & Sham (2014)
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Partnerships are critical!
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Thank you!



Let’s connect!
Monica B. Emelko
mbemelko@uwaterloo.ca

www.waterstp.ca
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