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Introduction

Swimming at public beaches is an
increasingly popular recreational activity
among Canadians, particularly during the
pandemic

Other popular recreational water activities
include kayaking, paddleboarding,
waterskiing and canoeing
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Canadian Beaches
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Water Quality

Poor recreational water quality represents a risk of acute gastrointestinal iliness (AGI) for those engaging in
recreational water activities; however, it is highly undetected and underreported

AGl risk is higher in children 0-10 years of age

Bacterial, protozoal and viral waterborne pathogens are the primary etiological agents of concern in beaches -
Escherichia coli (E. coli), Enterococcus, Salmonella, Campylobacter, Giardia, and Cryptosporidium

Beach managers monitor the presence of E. coli, which is a fecal indicator bacteria to indicate the presence of water
pathogens

Environmental factors are involved with affecting water quality levels

Our research aims to understand the environmental factors associated with beach water quality
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Research Team

Comprised of public health researchers at Toronto Metropolitan University specializing in
epidemiology, burden of waterborne infection, and advanced analytic methods.

We work in close collaboration with participating public health units to generate knowledge about
Canadian freshwater beaches and further inform current beach monitoring programs.

Dr. lan Young Dr. Jordan Tustin Dr. Johanna Sanchez Dr. Binyam Desta Rachel Jardine

Associate Professor Associate Professor Senior Research Associate Postdoctoral Fellow Research Assistant



Projects
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The Canadian Beach Water
Research Group

Canadian Beach Cohort
Study
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Canadian Algal Blooms in
Recreational Waters
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Fecal Indicator
Bacteria (FIB)

The presence of these bacteria are an
indication of fecal material in the water

» Escherichia coli concentration is the indicator
suggested for freshwater recreational water

« Enterococcus is the suggested FIB for marine
waters

e This research focuses on E. coli concentration
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Guidelines for
Canadian Recreational
Water Quality

* 3rd edition published in 2012 is currently being revised

» Used by provinces/local public health authorities to guide
beach surveillance policies/programs

* In 2012 edition, threshold values were developed to suggest
an acceptable risk of gastrointestinal iliness

» E coli single sample max. of 400 CFU/100mL
» E. coli geometric mean of 200 CFU/100mL

« The new edition proposes to replace threshold values with
“beach action values” (BAV):

» E coli single sample max. of 235 CFU/100mL

i+l

Health Santé
Canada Canada

Your health and Votre santé et votre

safety... our priority.  sécurité... notre priorité.

Guidelines for
Canadian Recreational
Water Quality

Third Edition




Beach Monitoring

 In Canada, beaches are regularly monitored by
public health authorities through water sampling
and beach assessments during the summer
season

 Recreational water quality monitoring falls under
provincial and territorial jurisdiction

« Sampling results are used to inform risk
management and communication decisions,
including beach postings or closures to reduce
risks

« The frequency of water quality monitoring varies
by jurisdiction and beach, and is determined
based by various factors (e.g., popularity,
historical results)
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WARNING
WATER NOT
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SWIMMING
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ADVISORY
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WARNING

NOT SUITABLE FOR SWIMMING

' This Beach is
—  Monitored

To see the current §mn;s of this beach, visit
gararegion.ca/beaches

Bacteria levels are expected to be above = = i "ause
health limits. Swimming in these waters may
increase your risk of illness.

Poor water quality can be caused by heavy
rains, high winds and waves, lots of
swimmers,

We always recommend that you:

= Not swallow the water

- Not put open sores or wounds in the water
- Wash hands before eating

For more Information: www.gnb.ca/beaches
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Environmental Factors

Rainfall

Air temperature
Water temperature
Stream discharge
Wave height

Wind speed
Ultraviolet radiation
Turbidity

Salinity

Tides




Annual Mean Temperature (Degrees Celcius)

N

Alr Temperature

Mean Annual Temperature on Toronto Island

1850 1900 1950

Year

2000

Degrees Celcius

Metropolitan
University

Mean Annual Temperature at Grimsby 1910-2019

1920

1940

1960 1980 2000 2020

Year



Toronto

Metropolitan
University

Research Objectives

Determine which climate- and weather-related factors are associated with
higher levels of E. coli in public bathing beaches over time.

N

Develop user-friendly predictive models, using a novel Bayesian network
approach, for selected beaches to assist public health authorities in their risk
management decisions.

< 4
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Research Objectives
4 )

Determine which climate- and weather-related factors are associated with
higher levels of E. coli in public bathing beaches over time.

N

Develop user-friendly predictive models, using a novel Bayesian network
approach, for selected beaches to assist public health authorities in their risk
management decisions.
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Study Sites

Toronto

Largest city in Canada
Opportunity to study beaches in an urban
setting in a Great Lake (Lake Ontario)

Niagara Region
One of the most popular tourist areas

Large geographic area
Beaches in two great lakes

Manitoba

Lake Winnipeg
Sixth largest freshwater lake in Canada

Vancouver

Coastal city (Pacific Ocean)
One of the largest cities in Canada.
Opportunity to explore marine beaches

(il ToronTo /7
Public Health (o5<ts Health Niagara Manitoba S = Mmetrovancouver

SERVICES AND SOLUTIONS FOR A LIVABLE REGION
-
Region
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Environmental variables
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Toronto
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Niagara Region

2 beaches on Lake Ontario
6 beaches on Lake Erie
2 buoys

Streamflow data — Welland
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Effect of Environmental Factors on E. coli
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Overall Niagara Path Analysis Results
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Key Findings

« Confirmed relationships between environmental factors.
 Beach-specific models had some difference but there were general trends.

« Turbidity was found to be an important mediator for the indirect effect of
environmental predictors overall and in all beach-specific models
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Niagara Region Path Analysis Results
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Environmental factors associated with
freshwater recreational water quality in Niagara
Region, Ontario, Canada: A path analysis

J. Johanna Sanchez! (), lan Young! (), Cole Heasley?, Jeremy Kelly?,
Anthony Habjan?, Ryan Waterhouse? and Jordan Tustin!

School of Occupational and Public Health, Ryerson University, Toronto, Ontario, Canada and 2Niag;ara
Region Public Health, Thorold, Ontario, Canada

Abstract

Escherichia coli concentration levels in recreational water are used by beach managers to evalu-
ate the risk of gastrointestinal illness among beachgoers. We examined the relationship
between specific environmental factors and E. coli concentration in recreational beaches in
the Niagara Region. We analysed E. coli geometric means collected from eight beaches
from two of the Great Lakes in the Niagara Region in Ontario, between 2011 and 2019.
We applied path analysis to evaluate the relationship between the environmental factors
and E. coli concentrations, including whether effects were direct or indirect via a mediator.
Turbidity was found to be an important mediator for the indirect effect of environmental vari-
ables overall and in beach-specific models. Rainfall and streamflow had a positive indirect
effect on E. coli via turbidity and a direct effect in five out of seven beach models.
Streamflow was also a mediator for the indirect effect of previous day air temperature in
five out of seven models. In three subset models, outfall E. coli concentration was a mediator
for the effect of the environmental factors. Using a novel methodological approach, this study
identifies important relationships and pathways that predict beach E. coli concentration in
freshwater beaches located on two of the Great Lakes.

Introduction

Poor recreational water quality, as indicated by a high concentration of pathogens, represents a
risk of gastrointestinal illness for those engaging in water activities such as swimming [1, 2]. In
Canada, beach water quality in freshwater bodies is regularly monitored by measuring faecal
indicator bacteria (FIB) levels, most commonly Escherichia coli (E. coli), as a surrogate for the
nresence of enteric nathooens and ri i i i ideli
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Toronto and Niagara Analysis

Overall relationship direction

24-hour air temp Water level 24-hour E. coli 24-hour wave height  24-hour UV Index
@ @ © 0O
Toronto Niagara
Stream discharge 24-hour air temp 48-hour rainfall Water fowl count Water level 48-hour rainfall Shore wave height

» & & @ @@ @

Beach-specific effects suggest unique contamination sources and factors that affect E. coli
levels
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Toronto and Niagara Results
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Abstract: Poor freshwater beach quality, measured by Escherichia coli (E. coli) levels, poses a risk
of recreational water illness. This study linked environmental data to E. coli geometric means
collected at 18 beaches in Toronto (2008-2019) and the Niagara Region (2011-2019) to examine the
environmental predictors of E. coli. We developed region-specific models using mixed effects models
to ine E. coli as a conti variable and recommended thresholds of E. coli concentration
(100 CFU/100 mL and 200 CFU/100 mL). Substantial clustering of E. cali values at the beach level
was observed in Toronto, while minimal clustering was seen in Niagara, suggesting an important
beach-specific effect in Toronto beaches. Air temperature and turbidity (measured directly or visually

observed) were positively associated with E. coli in all models in both regions. In Toronto, waterfow]
counts, rainfall, stream discharge and water temperature were positively associated with E. coli
levels, while solar irradiance and water level were negatively associated. In Niagara, wave height
and water level had a positive association with E. coli, while rainfall was negatively associated. The
differences in regional models suggest the importance of a region-specific approach to addressing
beach water quality. The results can guide beach monitoring and management practices, including
predictive modelling.

Keywords: Escherichia coli; water quality; rec | water; envirc ] factors; fecal indicator

bacteria

1. Introduction
The concentration of Escherichia coli (E. coli) is used as an indicator of recent fecal pol-
lution and signifies risks of recreational water illness in freshwater beaches [1]. Municipal
beach monitoring programs routinely collect water samples to determine whether bacterial
concentrations exceed guideline thresholds. Canadian guidelines implemented in 2012
PR : ; X 3 R :




Manitoba
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Winnipeg
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Mean annual E. coli mean at Manitoba Beaches, 2007-2021
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Annual E. coli threshold exceedances (200 CFU/100 ml) at Manitoba
Beaches

- Hl ach

o

o P

o (.
Lranse

.\ I

Year

J

Exc

Day



Data - Manitoba

Publicly Available Environmental Data

Air temp Water level UV Index 48-hour rainfall
S
_’Q\_ I'I‘I'I'I
Manitoba
24-hour E. coli

Antecedent dry days
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Analytical
Methods

Multilevel modelling

« Examined year-specific
effects via two outcomes

Path analysis

* Allowed us to examine the
relationship between
variables
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Manitoba Multilevel Modelling Analysis

Gimli
48-hour rainfall 24-hour mean air temp 24-hour E. coli
Grand
48-hour rainfall 24-hour air temp 24-hour E. coli 24-hour UV Index Antecedent dry days

@ %

Year-specific effects were significant and suggest yearly-varying factors that affect E. coli
levels.
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The predicted probability of exceeding the 200 CFU/100 E. coli threshold at four rain
values - Gimli logistic model
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The predicted probability of exceeding the 200 CFU/100 E. coli threshold at four temp
values - Gimli logistic model
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The predicted probability of exceeding the 200 CFU/100 E. coli threshold at four temp
values - Grand logistic model



E. coli threshold exceedances (200 CFU/100 ml)
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The predicted probability of exceeding the 200 CFU/100 E. coli threshold at four UV

values - Grand logistic model

Predicted probabilities of E. coli threshold exceedances (200 CFU/100 ml)

Year

24-hr mean UV



Conclusion and Future Plan

The need for enhancing beach
monitoring programs for extreme
weather events (climate change
preparedness efforts)
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The findings will help develop
real-time recreational water
quality predictive models to allow
more accurate beach
management decisions



Vancouver

15 beaches on the
Pacific Ocean
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Mean annual E. coli mean at Vancouver Beaches, 2013-2021

2500

2000 A
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Wreck Beach, Foreshore

1000

Wreck Beach, Oasis

500 Wreck Beach, Towers Trail

Year Average of Daily Geometric Mean of E.coli(CFU/100ml)




Data - Vancouver

Publicly Available Environmental Data

Air temp Water level UV Index 48-hour rainfall
S
_’Q\_ I'I‘I'I'I
Vancouver

Previous sample day E. coli

Antecedent dry days
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Analytical
Methods

Bayesian Mixed Effect
Regression Modelling

* Informed by our DAG

* Varying slope for each
predictor variable for each
beach (except for
antecedent dry days)

 Keeping year a fixed effects

* Interaction between temp
and UV
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Directed Acyclic Graph (DAG) of the relationship between variables =ikl
affecting E. coli

Mean Salinity

438-hour totzl rainfzll

Water level

E. coli

24-hour mean air temp
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249-hour mezan UV
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Vancouver Bayesian Mixed-effect Model

Overall relationship direction

Mean Salinity 48-hour rainfall  Previous sample day E. coli ~ 24-hour air temp 24-hour UV Index

D @"'D@ @ &@ * 3o

The average effects of the predictor variables varied by beaches



Predicted E. coli Geometric Mean

2000

1500 1

1000

500 A

The predicted geometric E. coli concentration per values of previous sample day log
geometric mean of E. coli
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Predicted E. coli Geometric Mean

The beach-specific predicted geometric E. coli concentration per values of previous
sample day log geometric mean of E. coli
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The predicted geometric E. coli concentration per value of 48-hr total rainfall

1500
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Predicted E. coli Geometric Mean

500 1
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48 hr Rainfall (mm)
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Predicted E. coli Geometric Mean
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Predicted E. coli Geometric Mean

600
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The predicted geometric E. coli concentration per values of mean salinity
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Predicted E. coli Geometric Mean
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The beach-specific predicted geometric E. coli concentration per values of mean salinity
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900 1

Predicted E. coli Geometric Mean

The predicted geometric E. coli concentration per 24 hr mean temperature at three value:

24-hr mean UV index
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Toronto

The beach-specific predicted geometric E. coli concentration per 24 hr mean FGHEY
temperature at the median value of 24-hr mean UV index
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Conclusion and Future Plan

Beach-specific approach to beach
monitoring programs and
predictive models is warranted in
Vancouver

The findings will form the basis
for building real-time predictive
models of marine water quality to
enable more accurate beach
management decision-making
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Research Objectives

Determine which climate- and weather-related factors are associated with
higher levels of E. coli in public bathing beaches over time.

)
Develop user-friendly predictive models, using a novel Bayesian network

approach, for selected beaches to assist public health authorities in their risk
management decisions.

\__ ),
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Predictive Bayesian Network Model

« We used information learned In
Objective 1 analysis to guide
the development of the
Bayesian Network graphic
models
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* Type of Artificial Intelligence
Graphical model that uses
probabillity to determine the
occurrence of an event




Bayesian Network Models
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Toronto

Vancouver

/

General findings
- Previous geometric mean is
most important variable — strong
individual predictive ability
-Turbidity was a strong variable in
Toronto and Niagara
- Salinity important in Vancouver
- Temperature important in
Niagara, Vancouver and Manitoba
- Rainfall important in Toronto,
Niagara and Vancouver

AN

Niagara

Manitoba
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Future Direction

The Canadian Recreational
Water Quality Research Group
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Environmen_tal predictors Canadian Beach Cohort Canadian Algal Blooms in
of recreational water Study Recreational Waters
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Rec Water R Shiny Application

* |nteractive application/webpage for visualization of beach and weather data
* Home for the predictive models for daily threshold exceedance projections
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Goal:

 User-friendly application
* Informative tool
* Accurate
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Currently being
finalized for testing
with public health
for summer 2024

Retroactively
looking at 2023
data to look at
predictive
performance
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Canadian Beach Cohort Study

e 2022: Toronto Woodbine Beach
Feasibility Study

« 2023: CIHR Bridge Funding - Marie
Curtis and Sunnyside Beach (623
participants, 405 households)

» Surveyed participants and conducted
follow-up to determine AGI

» Additional water sampling on
recruitment days for microbial source
tracking

« 2024: Received funding from CIHR for
full study! Will add beaches in
Vancouver and Manitoba and potentially
other sites
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Algal Blooms Project

« Research Title: Burden of recreational water illness due to cyanobacteria
and their toxins in Canadian freshwater beaches

« Four years of funding from PHAC

« Examine the impact algal blooms have on human and animal health
(exposed pets) — ONE HEALTH approach
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Conclusions

« We applied different and novel analytic methods to understand the relationship of
environmental factors on water quality at beaches across four regions in Canada
(Objective 1)

» We learned which factors had an important effect

« We used knowledge gained to develop predictive model using a novel approach —
Bayesian Networks model — an application of Al

« We are actively exploring the health burden of poor water quality levels and algal
blooms
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Application of Research

* Prediction models can be applied to global health contexts to understand water
quality (drinking water, recreational waters, etc)

« A web application like R Shiny app could provide public health units with a tool for
predicting water quality

« Information gained from our beach cohort and algal bloom projects can have
widespread impact in the area
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For more information visit:
canadianbeachwater.ca
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