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10.3.2 Sensitivity

English et al. identify numerous populations vulnerable to extreme weather events and climate-related
natural disasters.”® Similar to other priority areas identified in this report, the elderly and young
children/infants may be more reliant on caregivers in order to seek adequate shelter from extreme
weather events or disasters.

Individuals living with chronic conditions or disabilities that affect their mobility are also particularly
vulnerable, as are those with cognitive restraints such as dementia.>? Individuals with chronic conditions
may also experience reduced mobility and may face difficulties in mobilizing to relocate themselves
quickly enough to avoid health outcomes from being trapped or restricted in affected areas.’*'"’
Residents of Peel who have a chronic illness and/or disability face an increased sensitivity to adapting

to natural disasters and extreme weather events. Mobility and cognitive restraints can make individuals
more vulnerable to the changing climate. In 2016, 48 per cent residents had at least one chronic
disease.” According to 2013/2014 data, 55.1 per cent of seniors often or sometimes experience activity
limitations. In 2014, prevalence of dementia for people ages 65+ was 5.6 per cent.?*

10.3.3 Adaptive capacity

Ebi and Semenza present information on the level of resilience in communities to minimize the health
effects of extreme weather and climate-related natural disasters. Their findings show that indicators
of social capital such as the level of community engagement (e.g., volunteerism), cooperation,
participation and intersectoral action are all determinants of how well a community can respond to a
natural or climate-related disaster.®

Social isolation is a particularly important indicator of vulnerability because it may result in a lack of
awareness and a lack of social support to effectively adapt in the event of a natural disaster.?? Similarly,
Keim (2008) highlights that social support is a key indicator of adaptive capacity, and lone-parent
families are at elevated risk from extreme weather events."” Keim further identifies that efforts to
reduce poverty may be the most effective adaptive strategy to reduce vulnerability to climate-related
disasters and extreme weather.""” In 2016, 6.1 per cent (68,345) of Peel’s population lived alone and 4.8
per cent (65,665) were lone-parent households." This is an increase from 4.5 per cent (52,555) and 4.3
per cent (49,600) in 2006.8" There are a growing number of Peel residents that are currently living alone,
potentially decreasing the ability to respond to extreme weather or natural disasters.

Developing effective early warning systems, emergency response plans that focus on response and
recovery, and fostering a culture of public health preparedness are important adaptive measures that
will increase the capacity of communities to reduce health risks associated with extreme weather events
and natural disasters associated with climate change.®'"7.118

Education campaigns and fostering strong links between community and government organizations
will aid in developing suitable disaster preparedness and response.®''2 While the housing stock in

Peel is relatively new, current building codes may or may not be robust enough to account for an
increase in frequency and severity of extreme weather events. The TRCA and CVC currently operate
flood monitoring programs for Peel watersheds. Effective training of staff is also essential to emergency
response, and considerations should account for seasonal variations in staff availability (i.e., summer
months and the winter holiday season).
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Peel Public Health's emergency response plan is mandated under the Ontario Health Protection and
Promotion Act, which lays out protocol and prescriptive requirements for emergency preparedness
protocol. The Region also has the Peel Regional Emergency Program (PREP) that deals with issues
broader than public health. Each municipality also has the authority to declare an emergency, and

if necessary, the Region of Peel can coordinate resources and emergency response activities across
municipalities. Considering improvements in climate forecasting for the region, the emergency
preparedness plan should be reassessed using a climate change lens.
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Table 8. Climate-related vulnerability indicators for the health impacts of
extreme weather and natural disasters/hazards in Peel region

Exposure

Indicator Data from 2012 report Updated data

Total precipitation | Data not included in 2012 | By 2020's:
projections in report

¢ Total precipitation likely to increase
Peel? precip y

throughout the year

* Winter and spring will have greatest increase in
precipitation

* Summer and autumn precipitation is projected to
remain steady or slightly decrease

* Extreme precipitation events are likely to become
more severe and frequent

* 1-day and 5-day maximum precipitation amounts
(historically 37 mm and 59 mm, respectively) are
expected to increase by 5% in the 2020s

* The worst 1% of extreme precipitation events (similar
to July 8th, 2013, for example) are projected to
increase by 20% in magnitude should business-as-
usual emissions continue.

By 2050's:
¢ Total precipitation likely to increase overall

* The most increase in precipitation in the
winter and spring

® Summer and autumn precipitation are projected to
remain steady or slightly decrease

* Annually, 74 mm more per year is expected in the
medium term, most of which will be delivered in the
winter and spring months

* Northwestern Peel is typically the wettest area within
Peel region while the southern portion receives the
least precipitation. Into the future, the north-south
gradient is likely to increase due to an increase
in lakeeffect precipitation with increasing ice-free
conditions over Lake Huron to the northwest.

* Instances of extreme precipitation are likely to
become more severe and frequent

* 1-day and 5-day maximum precipitation amounts are
expected to increase by 8% and 10%, respectively in
the 2050s.

* The worst 1% and 5% of extreme precipitation
events are expected to increase by 51% and 28%
in magnitude, respectively, with business-as-usual
emissions.
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Exposure - continued

Indicator

Total precipitation
projections in
Peel®

(continued)

Data from 2012 report

Data not included in 2012
report

Updated data

By 2080's:

Total precipitation is likely to increase

Greatest increase in precipitation in the winter and
spring seasons

Summer and autumn precipitation are projected to
remain steady or slightly decrease

Annually, 99 mm more per year is expected

The north-south gradient in precipitation patterns in
Peel region is likely to increase due to an increase in
lake-effect precipitation to the north

Frequency of rain versus snow will continue to
increase

Instances of extreme precipitation may become
significantly more severe and frequent on a
regional scale

1-day and 5-day maximum precipitation amounts
could increase by 22% and 17%, respectively in the
2080s.

The worst 1% and 5% of extreme precipitation
events could increase by 90% and 46% in
magnitude, respectively, should business-as-usual
emissions continue.

Flooding®’

No flooding causing
human death in Peel
region since 1948
Etobicoke Creek flooding

No changes

Other natural
disasters'?°

No natural disasters due
to extreme weather listed
in Canadian Disaster
Database

No changes

Flood vulnerable
structures by
municipality for
Credit River'”

* Brampton - 48
¢ Caledon -26

* Mississauga — 14

No changes

Flood vulnerable
structures in the
Mississauga’s
Cooksville Creek
watershed'"

Data not included in 2012
report

Approximately 300 buildings in the middle and
lower part of the watershed that would be inundated
in a regulatory flood

Approximately 120 buildings would be inundated for
the 100-year flood

Flood vulnerable
structures in the
Etobicoke-Mimico
watershed'"®

Data not included in 2012
report

23 flood vulnerable areas

41 flood vulnerable roads
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Exposure - continued

Indicator

Flood vulnerable
areas and roads
within the West
Humber watershed

Data from 2012 report

Data not included in 2012
report

Updated data

27 flood vulnerable areas and roads''®

Flood vulnerable
roads in Peel

Data not included in 2012
report

443 roads in Peel are at least partially within the
Regional Floodplain Boundary'®

Lake Ontario
tributaries located
in the City of
Mississauga’®

Data not included in 2012
report

For a breakdown, please refer to Table 8A.

Flood vulnerable
persons by
municipality for
Etobicoke Creek,
Mimico Creek, and
Humber River

Data for Regional
storm+/100-year
storm/50-year storm

* Brampton - 716/52/48
* Caledon —796/284/248

¢ Mississauga —
1760/780/648

No changes

Per cent of land
use cover classes
across Peel region¥

Data not included in 2012
Report.

Buildings 7%

Bare ground 12%
Impervious 15%

Water 1%

Road 4%

Other vegetated areas 27%

Population living in
apartments

In 2006, 88,040 persons
resided in apartments
(7.6% of Peel population)

In 2016, 106,745 persons resided in apartments
(7.7% of Peel population)

22,015 persons were living
in apartments with <=

5 storeys (1.9% of Peel
population)

25,965 persons were living in apartments with <=5

storeys (1.9% of Peel population)

66,025 persons were
living in apartments with
>5 storeys (5.7% of Peel
population).”

80,780 persons living in apartments with > 5 storeys

(5.8% of Peel population).”

Proportion of
dwellings requiring
major repairs

In 2006, 4% of dwellings
required major repairs in
Peel.”

In 2016, 18,140 (4%) of dwellings require major repairs

in Peel.””

Sensitivity - See Table 1 and Table 2
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Adaptive capacity

Indicator Data from 2012 report Updated data

Government Emergency response mandated under the Health | No changes
regulations and Protection and Promotion Act of Ontario (1990)
programs lays out protocol and prescriptive requirements
for infectious disease control and public health
emergency preparedness protocol.”

Building codes are administered by the Building | No changes
and Development Branch of the Ministry of
Municipal Affairs and Housing under the Building
Code Act (1992).78

Social isolation In 2006, 52,555 persons lived alone (4.5% of Peel | In 2016, 68,345 persons lived
population).?! alone (6.1% of Peel population).”

In 2006, 15,520 persons aged 65+ lived alone In 2016, 24,755 people or 14%
(1.3% of Peel population).?! of Peel seniors aged 65+ lived
alone.®

In 2006, 52,555 persons lived alone (4.5% of Peel | In 2016, 68,345 persons lived
population).?! alone (6.1% of Peel population).”

Emergency Emergency response typically operationalized by | Credit Valley Conservation
Response and municipalities, but response can be coordinated | is developing a Risk Tool for
public awareness/ | by the Region of Peel depending on scope and Flooding.

education scale of disaster or hazard. Two overlapping
emergency response units in the Region of Peel.

1. PREP - Peel’s Regional Emergency Program

2. Health Emergency Planning (primarily related
to epidemics/pandemics) but includes:

a. Long-Term Care (5 facilities in three
municipalities each with its own emergency
plan for the facility and continuity of
operations plan)

b. Paramedics (entire region, standards met
under Ministry of Health and Long-Term
care and the Ambulance Act which develops
emergency plan, plans for escalation and
mutual assistance with other municipalities)

c. Public Health (entire region, plays largely a
coordinating role with PREP, facilities and
paramedics)

Last full assessment of the Region of Peel’s Last full assessment of the Region
emergency response plan was in 2004. of Peel’'s emergency response

Each municipality required to conduct a Hazard plan was in 2015.

Identification Risk Assessment every year.

Emergency information and planning for No changes
individuals/households available on Peel Public
Health website.1?2
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Table 8A. Lake Ontario tributaries located in the City of Mississauga’

Tributary Structures in Floodplan
Cooksville Creek 309

Serson Creek 154

Cawthra Creek 3
Applewood Creek 20
Lornewood Creek 11

Avonhead Creek 11

Sheridan Creek

Birchwood Creek
Turtle Creek 79
Tecumseh Creek 2
Lakeside Creek

Clearview Creek
Total 603

10.4 Contamination of food and water

Water and foodborne illness pose serious public health risks which are expected to increase with
climate change. Water and food quality can be affected by several sources and mechanisms. For
example, heavy rainfall and flooding can lead to the contamination of recreational and drinking
water quality. Harmful algal blooms have increased in number due to warmer water temperatures
and increased nitrification of water bodies which affects drinking and recreational water supplies.'"®
Further, increasing temperatures will increase the survival and replication rates of disease vectors
and pathogens.

The periodic contamination of water and food sources occurs in regions throughout the world,
including Peel. In theory, existing surveillance programs should be able to capture baseline estimates
for particular diseases and increases in particular adverse health outcomes (e.g., cases of diarrheal
disease). It will be important to monitor the effectiveness of these systems in the future—particularly
under a changing climate—to ensure that water and food-related illnesses are not missed or go
unreported.’” For example, in 2000, the Ontario municipality of Walkerton experienced an E. coli
outbreak in its water supply, producing over 2,000 cases of illness. Important lessons were learned from
this experience resulting in the enactment of the Ontario Clean Water Act.

10.4.1 Exposure

Contamination of water

Extreme temperatures, extreme weather, and rising water temperature contribute to water scarcity
and the increased chemical and biological contamination of water.'?® Areas with higher population

density and population growth are at elevated risk of food and waterborne contamination because
a greater number of people will be exposed, and therefore at elevated risk of developing adverse

health effects.?’
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The majority of Peel’s population (approximately 1,300,000) gets its water from Lake Ontario. The water
from the lake is treated at two treatment facilities: the Lorne Park Water Treatment Facility and the
Lakeview Water Treatment Facility. Caledon is the only community in Peel to get a significant amount
of its water from both communal and private wells fed by ground water. The number of people in living
Caledon getting water from local sources other than Lake Ontario is 16,606.'

Casman et al. conducted a qualitative review of the literature assessing the public health risks
associated with cryptosporidiosis due to climate change. Results from this review indicate that climate
change will have little effect on cryptosporidiosis incidence in the United States, as long as adequate
levels of wealth and a strong commitment to public health are maintained.'? Peel region does not have
a history of waterborne contamination, but watersheds throughout the region exhibit seasonal flooding
during spring due to ice-melt, and flooding can be exacerbated during late winter due to rain on snow
conditions. Moreover, rural residents serviced by private wells may be at increased risk because private
water wells are not regularly monitored by municipal authorities.

McMichael and Kovats note that no sanitation system is completely protected from contamination,
particularly when covered by flood waters.?” Another risk from flooding includes the formation of mould
(particularly in basements after a flood event) and more information on this topic is required to assess
vulnerability for Peel region.

Warming temperatures are associated with increases in harmful algal blooms in water supplies around
the world.""® Peel region does not have a record of harmful algal blooms in any of its water sources,
but non-harmful algal blooms typically occur on Lake Ontario between May and July causing an
unpleasant odor.

Water contamination can also occur as a result of extreme weather events that increase turbidity of
recreational water sources which have been known to cause E. coli outbreaks that affect recreational
swimmers (Peel has five existing recreational swimming facilities open during the summer months).

A study conducted in the Netherlands found a positive correlation between waterborne outbreaks
among persons bathing in untreated recreational water use and days with temperatures greater

than 25 degrees Celsius.'® Evidence suggests that beaches near urban areas are at elevated risk of
contamination due to an increased chance of ground water run-off being contaminated with chemicals
and bacteria.'?:'% A study of Great Lakes beaches found that fine sand beaches with high soil moisture
and a shallow water table (i.e., level, groomed beaches) with lots of vegetation are more prone to

E. coli contamination which can concurrently spread into and contaminate the immediate swimming
area.'” This may be important if people spend more time outdoors due to warming temperatures.
Health impacts associated with E. coli include skin or eye infections and/or lead to intestinal illnesses
through the consumption of contaminated water.

Foodborne contamination

Climate change is forecasted to increase the exposure to harmful pathogens in food."** Home

food safety is also of particular concern considering warming temperatures may increase the risk of
foodborne contamination due to unsafe food storage and handling with increased temperatures,
as well as the increased opportunity for specific pathogens to thrive in warmer temperatures (e.g.,
Salmonellosis and Campylobacteriosis). In addition, as temperatures increase, food preparation and
cooking outdoors also increases, emphasizing the risks associated with improper food storage with
increased temperatures. While it is difficult to quantify or monitor food contamination in individual
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residences, it is estimated that foodborne disease from foods consumed in private dwellings is three
times more frequent than illness developed as a result of food consumed from restaurants, cafeterias,
bars, or other commercial establishments.™’

Foodborne illnesses are often underreported. The two most common reportable foodborne illnesses
in 2016 were Campylobacteriosis (21.8/100,000) (~327 cases per year) and non-typhoidal salmonellosis
(20.7/100,000) (~288 cases per year)."* There is limited data on the number of diseases related to
pathogens in food in Peel. However, most of Peel’s foodborne illness cases occurred through travel
outside Ontario.

Many of the reported ill-health events in Peel region are due to unsanitary cooking practices (e.g., not
washing counters, hands, or food). Rising temperatures are also associated with increases in foodborne
outbreaks from microbiological agents.”™ For example, an Australian study of five metropolitan areas
found a positive association between increasing temperatures and the number of monthly salmonellosis
reports.’** Longer summers and hotter weather produce increased risk that food will become
contaminated if people are not handling, storing and/or preparing food safely. During periods of

warm weather, more people are outside at events which often involve food being served (e.g., farmer’s
markets, barbeques, festivals). More detailed information regarding exposure to foodborne illness
during such events or activities may be required in the future.

Socioeconomic status

Socio-economically vulnerable individuals may not have adequate information or resources on hand
to handle, prepare, or store food safely. Socioeconomic vulnerability may also play a role in differential
exposure to contaminated water when considering settlement patterns and access to particular
water-related resources such as drinking water and recreational beaches.'?® Thus, individuals with
low-income may be differentially exposed to contaminated water sources, and those with low levels of
education may not be aware of the risks associated with drinking contaminated water.

Box 1. Climate change and food (in)security

The droughts and resource shortages associated with climate change will pose challenges

to the procurement of nutritious food and its ‘just-in-time’ delivery to local supermarkets.

The industrial agro-food system is heavily dependent on the continued use of fossil fuels for
fertilizers and shipping and is a significant source of greenhouse gas emissions which contribute
to climate change.'?" Reducing the reliance on internationally shipped foods and building the
resilience in local food supplies are key adaptive measures to limiting exposure to food security
issues related to climate change. Moreover, an emphasis deserves to be placed on eliminating
hunger in Canadian communities. In the Region of Peel, 30 emergency food service locations
exist: 9 in Brampton, 2 in Caledon, and 19 in Mississauga, however, estimating hunger amongst
the broader population is difficult. Learning lessons from food insecure populations may help
to inform strategic and adaptive responses to food insecurity in a changing climate. Developing
further relationships with social service agencies can help to inform and prepare organizations
for potential increases in clients in the future.
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10.4.2 Sensitivity

Casman et al. and Balbus and Melina identify that vulnerable populations such as children, the elderly,
and immuno-compromised individuals (e.g., transplant recipients or individuals living with HIV/AIDS) are
more sensitive to food and waterborne contamination, for the reasons discussed in previous sections of
this report.>'%

10.4.3 Adaptive capacity

Effective strategies for monitoring and testing water and food quality already exist in most urban
areas in the developed world; however, such systems may need to be re-evaluated for effectiveness
in tracking all cases of water and foodborne contamination. Current adaptive capacity to manage
water and foodborne contamination is dependent upon several factors that include: regulations
outlining safe food handling practices and water safety guidelines; adequate public preparedness
through public awareness campaigns; effective emergency response plans (e.g., boil water notices);
and the effective collaboration with stakeholders (e.g., conservation authorities, environmental
groups, and local, regional and national governmental organizations).?’:?3'2>3 Indeed, the Economic
Commission for Europe notes that adaptation, especially in the context of local and trans-boundary
water supplies, will require intersectoral collaboration between various government agencies and
non-governmental actors.'

Reducing exposure to water contamination requires adequate watershed protection through
conservation efforts and controlled urban development, water quality laws, and regular surveillance of
pathogens through rapid testing.? The regular maintenance of infrastructure and adoption of new and
efficient technologies may also improve public health actors’ ability to respond to food and water borne
contamination.'? In order to prevent or reduce the risk of E. coli contamination at Ontario beaches,
Crowe recommends planting beach grasses, building and rehabilitating sand dunes, and limiting the
growth of grass lawns on the borders of beaches to ensure that grass does not spread to the beach

and encourage waterfowl feeding and defecation that may facilitate E. coli growth.'?’ Beach testing

is undertaken every week in Peel region between June 4 and August 31, and results are posted on
whether beaches exceed the federal standard for E. coli levels.

Local boards of health are required to regularly monitor small drinking water systems as specified by the
Ontario Health Protection and Promotion Act O.Reg 319/08. Under O.Reg 170/03 and 248/03 private
drinking water systems are required to meet provincial requirements for sanitary conditions, but it is up
to owners and operators of those systems to have the water tested.

Several public education and information campaigns exist to educate Peel residents about the
dangers of water and foodborne illness. The Health Protection and Promotion Act requires reporting
of food-borne illnesses which are reported throughout the provincial integrated Public Health
Information System (iPHIS). For education relating to food and water contamination (i.e., during a
flood) Peel residents can go to the Peel Public Health website.
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Table 9. Climate-related vulnerability indicators for the health impacts of
water and food contamination in the Peel region

Exposure

Indicator

Data from 2012 report

Updated data

Flooding and
food/water
contamination

No history of waterborne
contamination in Peel region'®

No changes

No reported foodborne or
waterborne disasters in Peel
region in the Canadian Disaster
Database'®

No changes

No floods causing human death in
Peel since 1948 Etobicoke Creek
flooding; Peel watersheds exhibit
seasonal flooding during spring due
to ice melt and flooding can occur
during rain on snow conditions.

No changes

Number of

human cases of
disease related to
pathogens in food
or water

In 2002, pathogens in Peel not
related to ingestion of uncooked
foods may include:

® Hepatitis A (21 cases per
100,000)

e E. coli(2.2 cases per 100,000)

* Amebiasis (11.2 cases per
100,000)

® Listeriosis (0 cases per 100,000)

¢ Cryptosporidium (0 cases per
100,000)*

In 2016, Camplyobacteriosis (21.8/100,000)
and non-typhoidal salmonellosis
(20.7/100,000) are the two most common
reportable enteric diseases. Majority of
human cases occurred due to travel outside
Ontario.'?

Over 60% of enteric diseases are domestically-
acquired through foodborne sources.'®?

Algal blooms

Harmful algal blooms are not
present in Peel region. Non-
harmful algal blooms typically occur
between May and July on Lake
Ontario.

No changes

Recreational
swimming sites'*

5 beaches in Peel region

* 1 in Brampton (Professor’s Lake
Recreation Centre)

® 1in Caledon (Caledon Teen
Ranch)

¢ 3in Mississauga (Jack Darling
Park; Richard’s Memorial Park;
Lakefront Promenade Park)

No changes
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Exposure - continued

Indicator

Closures of
recreational
swimming sites:
E. coli levels
above 200 cfu
per 100 ml
and/or heavy
rainfall’®’

Data from 2012 report
Data not included in 2012 report

Updated data
In 2017,

* Of the 45 water sampling days at Professor’s
Lake, 42% exceeded the E. coli threshold.

* Of the 54 water sampling days at Richard’s
Memorial beach, 20% exceeded the E. coli
threshold.

» Of the 53 water sampling days at Lakefront
Promenade Park beach, 13% exceeded the
E. coli threshold.

* Of the 47 water sampling days at Jack
Darling beach, 11% exceeded the E. coli
threshold.

Pools, wading
pools, and splash
pads inspected by
Peel Public Health

360 pools (both public and
private); 25 wading pools and 15
splash pads

In 2017,

* 380 pools; 151 spas; 35 splash pads and 18
wading pools'®

Water treatment

In 2011, there were two water
treatment facilities:

e |orne Park Water Treatment
Facility

e |akeview Water Treatment
Facility™?

No changes

Caledon operates on a municipal well-based
system as well as private wells.

The Region of Peel owns and operates wells
in the following areas in Caledon: Alton,
Palgrave, Caledon East, Caledon Village,
Cheltenham Village, and Inglewood. '

14 municipal wells treated at one of five small-
scale water treatment plants in Caledon.™°

Source of water
supply

The majority of Peel’s population
get its water from Lake Ontario.

The number of people getting
water in Caledon from local sources
other than Lake Ontario is 16,606.
Other residents of Caledon receive
water from municipal wells.’*

Approximately 99% of Peel residents are
serviced by a municipal water supply, and
about 1% are on a private well water supply
(mostly in Caledon).

The number of people receiving water in
Caledon from local sources other than Lake
Ontario is 19,858.'%

Between 2006-2011 there was a
11% population growth™

Between 2011-2016 there was a 11.8%
population growth™

Farms, farmer’s
markets and
community
gardens™'

e 28 farms located in Peel region
* 5 weekly farmer's markets

e Community gardens not included
in 2012 report

e 20 farms located in Peel region
* 10 farmer's markets
e Community Gardens®! in Peel:
a. Mississauga 11
b. Brampton 7

c. Caledon 1

[xvi

Community gardens are defined as those that contain allotment plots for use by the general community. There may be additional private

community gardens for specific populations (e.g., church groups) that are not included. Please note, these community gardens are
subject to change throughout any given period depending on operational need, climate, and resources.
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Sensitivity - See Table 1 and Table 2

Adaptive Capacity

Indicator

Government
regulations’®

Data from 2012 report

Ontario Health Protection and
Promotion Act: O. Reg. 318/08 and
319/08 — Small drinking water systems
inspected by local boards of health.

As per Ontario Regulation 242/05,
non-municipal year-round residential
and designated facility inspections
run on a 1 in 4-year cycle if there
are no problems (if a problem is
identified, follow-up inspection can
occur yearly).

Safe Drinking Water Act: O.Reg.
170/03 and 248/03 address drinking
water systems regulation and drinking
water testing services, but it is up to
owners and operators of municipal
residential systems (i.e., private

wells) to ensure they meet provincial
requirements.

Updated data

* |n Ontario, all drinking water systems that
serve the public are regulated by a series
of regulations under several different laws
(Regulation 170/03: Ontario Drinking
Water Systems under the Safe Drinking
Water Act, 2002, Regulation 319/08.

® Small Drinking Water Systems under the
Health Protection and Promotion Act,
and Regulation 169/03: Ontario Drinking
Water Quality Standards).

* Annual reports for all Peel’s drinking water
systems are available to the public at:
http://www.peelregion.ca/pw/water/
quality/reports/.

e Safe Drinking Water Act were updated in
2015.

Food-borne illness monitored through
the Reportable Diseases Information
System in Ontario under the Health
Protection and Promotion Act — known
to be underreported.’’

No changes

regarding food
and water
contamination
during flooding

Public education

Guidelines for food safety during
floods posted on Peel Public Health
website.'*?

No changes

Restaurant inspection results posted
publicly

No changes

Beach testing

Samples are taken and inspected
weekly from beaches in Peel region
between June 4 and August 31;
results are posted on whether beaches
passed or did not pass inspection.’*

Inspection results posted online
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10.5 Vector-borne diseases

Changing temperatures shift the geographical distribution of vectors such as ticks, mosquitos

and rodents, allowing them to occupy previously inhospitable climate regions. Sutherst notes that
rising temperatures, precipitation, rates of urbanization (and loss of natural land cover), declines

in biodiversity, and trade and travel all affect the distribution of insect and animal vectors and may
increase human exposure to a range of vector-borne diseases.'* In Peel region, the vectors of primary
concern include mosquitos carrying the West Nile Virus (WNV) and Eastern Equine Encephalitis (EEE);
and black-legged ticks carrying Lyme disease. WNV and EEE are both serious viral illnesses which can
cause death in extreme cases.

Figure 6. Wood tick and Deer tick Figure 7. Culex pipiens — a known
comparison ) _ carrier of the West Nile Virus

R -

L-R: Two female Wood (or Dog) Ticks, Female
and Male Deer (or Black-legged) Ticks Top: Male
Wood Tick. Deer ticks are much smaller and have
mouthparts made to hold on stronger.

10.5.1 Exposure

Mosquito-borne disease

Several mosquito vector species in Peel region are known carriers of WNV (e.g., Culex pipiens pictured
above, and Culex restuans, among others) and EEE (Culiseta melanura), respectively (Region of Peel
2011d). Researchers found that the presence of WNV vector species (Culex pipiens and Culex restuans)
in Peel region can be predicted based on relationships with temperatures of greater than 9 degrees
Celsius over the preceding 11 days, and where precipitation was present in the previous 35 days.'® In
2021, 23 mosquito batches tested positive for WNV, an 80 per cent reduction from 2017, where 114
mosquito batches tested positive.'?* Human cases of WNV in Peel have also decreased from 2017,
with one confirmed and one probable case in Peel, compared to 11 confirmed in 2017.'724 In 2021,
there were no Culiseta melanura mosquitoes found, however, 68 pools of other common EEE vectors,
including Coquillettidia perturbans, Aedes vexans, and Ochlerotatus japonicus were found in Peel.
None tested positive for EEE, and no human cases of EEE have been reported in Peel.*
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The clear association between weather and mosquito abundance yields implications for exposure
reduction strategies. Increased rainfall also increases the accumulation of stagnant water which supports
mosquito breeding. Sites such as abandoned swimming pools, roadside ditches, and woodland pools
are ideal habitats for mosquito replication. The location of sites that support mosquito breeding are
collected by the Region of Peel every year (see Table 10).

In Ontario, WNV is most commonly found in urban areas as the key vectors Culex pipiens/restuans
prefer to develop in standing water, often in catch basins or small containers such as bird baths, barrels,
used tires, or tin cans around urban and suburban homes. Users of outdoor recreational facilities,
persons who exercise outdoors, and outdoor workers are also at elevated risk of exposure.” More
reliable information for users of outdoor recreational facilities, those who exercise outdoors, and
outdoor workers will be required to better assess the differential exposure to vector-borne disease in
Peel region as the climate changes.

Tick-borne illness

Lyme disease is a bacterial infection caused by the bite of black-legged ticks which can produce flu-like
symptoms, paralysis and heart problems. Black-legged ticks are often carried by birds which affects
their regional migration. Exposure to ticks increases with warmer temperatures and decreased rainfall
(i.e., summer and autumn).

In previous years, passive tick surveillance allowed for identification and testing of tick samples to
confirm possibility of Lyme disease, however, in 2020, this practice was suspended. An alternative
was provided to the public, encouraging the use of a free online tick identification service, allowing
the public to upload a photo of the tick and receive information of the species and associated public
health guidance within 48 hours. In 2021, 18 per cent of submitted samples in Peel were identified as
black-legged ticks.?* Comparison to previous years is not possible as the free online service resulted
in a significant increase in volume of submissions compared to previous years, and not necessarily an
increase in the number of ticks.

In 2021, 13 cases of Lyme disease were confirmed, similar to the 14 cases confirmed in 2017.2*

Each year Public Health Ontario updates the Lyme disease estimated risk areas map for the province.
Estimated risk areas are locations where black-legged ticks have been identified, or are known to occur,
and where humans have the potential to encounter infected ticks. Estimated risk areas identify a 20 km
radius from where black-legged tick activity was found through drag sampling.

Prior to 2018, Peel region did not have a designated risk area, however, based on tick drag sampling
activities in the spring and fall of 2018, the City of Mississauga, City of Brampton and majority of

the Town of Caledon were identified as Lyme disease risk areas by Public Health Ontario.™ Risk
areas are identified through robust active surveillance activities, and in 2021, this practice was
discontinued as Public Health Ontario identified two large risk areas for Lyme disease covering the
majority of Peel region.?*

As our climate continues changing, through warmer seasons and impacts to bird migration, there are
concerns that the increasing size of Lyme disease risk areas will continue to trend upwards, impacting
many parts of the province.?
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Box 2. International travel and vulnerability to climate-related morbidity
and mortality

Travel is an important vulnerability indicator not only for vector-borne disease, but for all the
climate-related priority areas identified in this report. Not only will residents in the Region of
Peel continue to be exposed to a range of climate-related conditions that present increases in
particular forms of health outcomes; but the ability to travel internationally holds the potential
to increase exposure including the transfer particular types of disease for long distances and
across borders. Little information currently exists demonstrating the risk of person-to-person
contact for a range of vector-borne diseases that can occur worldwide. However, if the number
of cases of various diseases continues to increase as a result of climate change, diseases
contracted in other areas of the world may potentially be carried and transmitted among
distant populations. Travel physicians and public health units have a responsibility to inform
travellers of the climate and health risks associated with particular regions of the world, as well
as those risks present domestically.’*®

Figure 8. Expansion of Lyme Disease Risk Area in Ontario, 2016 and 2023

Ontario Lyme Disease Map 2016 P Ontario Lyme Disease Map 2023
Estimated Risk Areas . / Estimated Risk Areas

Exsmated Rk Atea

Heal Une Bounsary

Whila low, there & a pessibily of encourtenng
Blacklegged ticks almost anywhers in the province,
prowided tho habitat is sustabio for blacklogged ticks
{0.9., wooded of brushy arsas)

Source: Public Health Ontario

Increased Exposure

Individuals who engage in outdoor recreation (no data available) and outdoor workers are at an
increased risk of WNV, EEE and Lyme disease. Individuals who travel outside of Ontario and return to
Peel can introduce new infectious diseases.” In 2017, approximately 40 million passengers travelled
through Toronto Pearson International Airport; an increase from 6.1 per cent in 2016.%
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10.5.2 Sensitivity

Individuals with supressed or developing immune systems are more sensitive to vector-borne illnesses.
Specifically, children aged 14 and younger have developing immune systems which pose health risks
when infected by a vector-borne disease. In addition, seniors who have suppressed immune systems
have difficulty in fighting against infectious diseases.? As Peel’s senior population increases to 21 per
cent by 2041, this population will have a greater sensitivity to vector-borne diseases.

10.5.3 Adaptive capacity

At the individual level, a range of adaptive behaviours including the application of insect repellent,
avoiding the outdoors between dusk and dawn, and wearing long sleeve shirts and pants can all reduce
the risk of exposure to disease carrying vectors. At the community and regional level, monitoring
vectors and on-going surveillance of population health indicators are important to assess potential
increases in incidence of vector-borne disease.® Larviciding and, in certain places outside Ontario,
adulticiding through the use of chemical sprays is an often employed method of mosquito control in
urban areas.' Perhaps most important is the provision of information to residents regarding increases
in risk and what to do to limit exposure.®? The development of early warning systems, vaccines, rapid
diagnostic tests and measures to improve infrastructure by way of reducing stagnant water are also
important adaptive practices.’

Peel Public Health has developed a comprehensive plan to address vector-borne disease in the region
through a host of surveillance, monitoring, and pest management activities. The continued education
and awareness building conducted by authorities in the Region of Peel will continue to improve the
region’s ability to adapt to emerging vector-borne diseases. Activities aimed at reducing the spread

of WNV and Lyme disease comply with Ontario Regulations 558/91 and 559/91 which makes the
diseases reportable under the Ontario Health Protection and Promotion Act. EEE is not a reportable
disease under Ontario Regulations 558/91 specifically but would be captured under the general
heading of viral encephalitis.’’

The Region of Peel had 31 mosquito traps at fixed locations throughout the region to monitor
mosquito populations for the presence of the virus in 2011. In 2018, the region had 33 traps, which
are in place from mid-June to late September. Larval surveillance in Peel continues to show that
WNV is endemic in Peel as well as across Ontario, highlighting the need for ongoing surveillance
and public education.™

Information mail-outs regarding vector-borne disease are produced and sent to day cares, garden
centres, golf courses, horticultural associations, long-term care facilities/senior’s residences and
hospitals, and multicultural community organizations.’
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Table 10. Climate-related vulnerability indicators for health impacts of
vector-borne disease in Peel region

Exposure

Indicator

Data from 2012 Report

Updated Data

Presence of Culex
pipiens and Culex
restuans (West Nile
Virus (WNV) vector in
Peel)

In 2010,

* 14 mosquito batches test positive for
WNV151

In 2011,

* 61 mosquito batches test positive for
WNV151

In 2018,

* 69 positive mosquito batches
tested positive for WNV (season-
dependent — was a relatively drier
summer).'¥

In 2021,

* 23 positive mosquito batches
tested positive for WNV2*

Human cases of WNV

Between 2008-2010 there were
0 cases of WNV'™'

In 2011, 3 human cases were

In 2018,

e 6 Peel human cases (5 confirmed,

1 probable)'#’

melanura (Eastern
Equine Encephalitis
(EEE) vector in Peel)

e 2 Culiseta melanura collected in
Peel mosquito traps and both
tested negative for EEE (no human
cases reported in the province of
Ontario).™!

In 2011,

¢ 1 Culiseta melanura collected in
Peel mosquito traps. One in resting
box study. Both tested negative for
EEE."™

reported.m In 2021'
e 2 Peel human cases (1 confirmed,
1 probable)*
Presence of Culiseta In 2010, In 2018,

e 0 Culiseta melanura collected™
In 2021,

e 0 Culiseta melanura collected.?*

Human cases of EEE

No recorded human cases of EEE
reported in Peel region™’

No recorded human cases of EEE
reported in Peel region.™"2

Presence of black-
legged (deer) ticks

No established black-legged tick
population in Peel region."’

In 2017,

® 2 Peel ticks tested positive for
Borrelia burgdorferi (1 Caledon,
1 Mississauga)'¥’

In 2021,

* Changes to tick sampling prevent
direct comparison of ticks in
Peel testing positive for Borrelia
burgdorteri, however, of 452
ticks submitted to the online tick
identification service, 18% were
identified as black-legged ticks,
and could potentially be carrying
B. burgdorferi.?
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Exposure - continued

Indicator Data from 2012 Report Updated Data
Human cases of In 2010, In 2017,
Lyme disease * 2 cases reported to Peel Public * 14 confirmed cases reported to
Health (not locally acquired).™ Peel Public Health.
In 2021,

* 13 confirmed cases reported to
Peel Public Health, six acquired
in Peel Region, seven acquired
elsewhere in Ontario.?

Users of outdoor No data available No data available
recreation areas
Travel In 2010, In 2017,
* 31.8 million passengers travelled * 39.8 million passengers travelled
through Toronto Pearson through Toronto Pearson
International Airport'? International Airport'®?

Sensitivity - See Table 1 and Table 2

Adaptive capacity

Indicator Data from 2012 Report Updated Data
Government regulation | WNV activities comply with Ontario Not available
Regulation 199/03 “Control of the
WNV” 131
Lyme disease and WNV are both While not specifically listed as a
included in Ontario Regulations 558/91 | reportable disease in Ontario, EEE
and 559/91 making them reportable falls under the broader category of
and communicable diseases under Encephalitis, including primary viral,
the Ontario Health Protection and a reportable disease under Ontario
Promotion Act.™" Regulation 135/18 Designation of
EEE is not a reportable disease under Diseases.™
O. Reg. 558/91 specifically, but would
be captured under a general heading,
primarily viral Encephalitis."
Integrated mosquito 31 mosquito traps at fixed locations From June 20 to September 25,
management activities from mid-June to late September (9 2021, Public Health monitored WNV
in Brampton, 5 in Caledon and 17 in activity in the local adult mosquito
Mississauga).’’ population using 33 fixed CDC light

traps, developed by the U.S. Centre
for Disease Control. The traps were
located across the Peel region: 17 in
the City of Mississauga, 11 in the City
of Brampton and five in the Town of
Caledon.?*

Larval surveillance undertaken at No changes
known and suspected breeding sites.™"
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Adaptive capacity - continued

Indicator Data from 2012 Report Updated Data

Tick surveillance Data not included in 2012 Report. In 2021, passive and active tick
surveillance were suspended in Peel
region, due to:

e Changes to Ontario’s surveillance
system for tick identification, as the
system was designed to identify
Lyme risk areas, where many
areas across the Province are now
confirmed risk areas by PHO.

e PHO identified the majority of Peel
region as an estimate risk area for
Lyme disease.?*

Larviciding strategy Use of BS, BTl and Altosid (all No changes
chemical agents approved by the
Pest Management Regulatory
Agency to control mosquito larvae in

Canada).”™’

Yearly application of Altosid to ~92,000 | Yearly application of Altosid to
roadside and non-roadside catch ~103,500 roadside and non-roadside
basins in Peel region four times per catch basins in Peel region three
season.’™’ times per season.™’

Adulticiding only conducted if WNV No changes
or EEE pose serious threats to the
population (i.e., increased incidence
of WNV or EEE).">" The risk level has
never been high enough to require
adulticiding in Peel region.

Outreach and education | In 2011, resources were sent to: In 2017, resources were sent to:
e Day cares (262) e Childcare centres (238)
e Garden centres (28) e Garden centres (40)
® Golf courses (17) ® Golf courses (26)
¢ Horticultural associations (8) e Horticultural associations (11)
¢ Long-Term Care facilities/Seniors ¢ Long-Term Care facilities/Seniors
Residences and Hospitals (54) Residences and Hospitals (126)
e Multicultural community e Community agencies (80)."¥

organizations (21).
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This updated report summarizes key vulnerability indicators for health outcomes associated with
Peel’s changing climate. The report addresses the priority areas of extreme temperatures (heat),
air quality, extreme weather and natural disasters/hazards, food and water contamination, and
vector-borne diseases.

The literature review and summary tables provide insight into populations that will be most vulnerable
under a changing climate. However, it is important to note that any one of these indicators used alone,
may not be useful in identifying vulnerability to climate change. The indirect and direct pathways
between climate change and human health in Peel region are complex, and multiple exposures and
sensitivities yield some uncertainty in definitively assessing vulnerability. However, the indicators
presented identify priority populations that may be at elevated health risk for the health issues outlined
in this report.

Children and the elderly are particularly vulnerable, due to their unique social context. This is also

true for individuals experiencing relatively poor health status in combination with other forms of
socioeconomic vulnerability. As many of the findings from the literature review demonstrate, one of the
largest concerns associated with climate change is its potential to exacerbate existing health inequities.

This report is useful in developing future public health planning, programming and policy making

for decision-makers at the Region of Peel. In demonstrating some of the existing adaptive capacities
that exist in the region, this report highlights the vast amount of readily available data, government
regulations, and individual adaptation already occurring at the local and regional level. Building on
existing public health priority areas and viewing them from a climate change lens will further benefit
the Region of Peel’s public health preparedness, emergency response, and the health of Peel residents
more broadly.
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While this report attempts to highlight existing health vulnerabilities from available data, extensive
community and stakeholder consultation will be required to continually refine the reported indicators,*®
which are not meant to represent an exhaustive list. Utilizing local sources of knowledge will capture
the social and cultural nuance that is present in Peel region. Peel’s diverse population, culture,
economy, and environment are all important pieces of adapting to and mitigating climate change.
Through better understanding individual perceptions of climate change in relation to the priority areas
highlighted in this report and their relevant vulnerability indicators, public health can best contribute
to a representative solution to climate change adaptation that captures the concerns of the public.
Developing a stakeholder consultation and engagement plan will be essential to further identify
vulnerable groups of individuals which will aid in the development of a comprehensive vulnerability
assessment. Allowing community stakeholders to provide information, feedback, and the ability to
contribute to the design of various interventions may be useful to this effect.

There is still a great deal of uncertainty pertaining to climate change impacts in Peel. Further, the
health exposures and sensitivities selected for this report does not reflect all possible health impacts
(e.g., mental health, food (in)security). The Intergovernmental Panel on Climate Change continues to
observe rising concentrations of greenhouse gases, glacial snow melt, sea level rise, sea temperature
rise, an increase in the severity of storms, and declining biodiversity worldwide,'>* and our knowledge
of the "tipping points’ at which these environmental declines may trigger what is often described as
‘catastrophic climate change’ is not well understood. However, as the climate continues to change,
Peel region will undoubtedly continue to experience record heat waves, unseasonable and increasingly
violent weather.

Recommendations:

1. Use the report as a foundation to begin broader discussions around public health vulnerability
to climate change in Peel region.

2. Share the report with key stakeholders and engage in knowledge translation activities.

3. Conduct community and stakeholder consultation to capture the social and cultural distinctions
present in Peel region to further inform programming and policy.

4. Map vulnerable populations/neighbourhood characteristics.

5. Continue to gather relevant health information on an ongoing basis to improve our
understanding of local climate change health impacts in Peel region.

6. Conduct further work on how mental health and health equity are impacted by climate change.

7. Develop an implementation plan to address identified vulnerabilities.

84 | UPDATE TO THE 2012 REPORT ON HEALTH VULNERABILITY TO CLIMATE CHANGE



ANNEX 1. List of databases (N=25) included in
initial Medline Search

Ovid MEDLINE (1946 to February Week 4 2012)

Ovid OLDMEDLINE (1946 to 1965)

Ovid MEDLINE in-process and other non-indexed citations (February 27, 2012)
Ovid Healthstar (1966 to January 2012)

PsycINFO (1806 to February Week 4 2012)

Mental Measurements Yearbook (1st to 19th yearbooks January 2012)
Embase (1974 to 2012 February 27)

Embase Classic+Embase (1947 to 2012 Week 09)

AMED (Allied and complementary medicine) (1985 to February 2012)
A-V Online (1900 to December 2011)

Books @ Ovid (February 27, 2012)

CAB Abstracts (1973 to 2012 week 08)

List of Periodicals Indexed

FIAF Affiliates Publications (1966 to 2010)

International index to film periodicals (1972 to December 2011)
International index to TV periodicals (1979 to 2006)

Treasures from the Film Archives

Film/TV Documentation Collections

Health and Psychosocial Instruments (1985 to January 2012)

Index to Foreign Legal Periodicals (1985 to February 2012)
International Political Science Abstract (1989 to February 2012)
Journals @ Ovid Full Text (February 27, 2012)

NASW Clinical Registrar (14th edition)

Social Work Abstracts (1968 to January 2012)

Transport Database (pre-1987 to 3rd quarter 2011)
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ANNEX 2. Search strategy and results
from Medline Search

Inclusion criteria:
1. Had applicability to Peel context;

2. Measures or indicators of vulnerability of adaptive capacity clearly outlined for a given priority
area (e.g. temperature, air quality, etc.)

3. Written in English

Exclusion criteria:
1. Do not address indicators of vulnerability or adaptive capacity;
2. Focus on tropical climates or arctic climates

3. Focus is on health outcomes not relevant to the Region of Peel (i.e. developing world health
indicators)

4. Written in a language other than English

Initial search

Search: (climate change AND (vulnerab$ AND adapt$) AND health AND (measur$ OR indicat$ or
determin$ or risk$)).ab

=103 results after removing duplicates in OVID
-12 duplicates further identified in refworks

-33 not relevant based on titles

-14 not relevant based on abstract

-6 inaccessible via web

= 38 for review

-9 not relevant based on article reviews

=29 resources

List = [Conlon et al. 2011; Costello et al. 2009; Ebi 2009; Ebi 2011; Ebi and Semenza 2008; English

et al. 2009; Estrada-Pena and Venzal 2007; Haines et al. 2006a; Haines et al. 2006b; Hambling et al.
2011; Jendritzky and Tinz 2009; Keim 2011; Kjellstrom et al. 2009; Leichenko 2011; Maller et al. 2011;
Martinez et al. 2011; McMichael 2009; McMichael and Kovats 2000; O'Neill et al. 2009; Rosenweig et
al. 2011; Smoyer et al. 2000; Spickett et al. 2011; Strand et al. 2010; Sutherst 2004; Tomlinson et al.
2011; UNEFC 2009; Vescovi et al. 2009; White-Newsome et al. 2011; Younger et al. 2008
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Air quality

Search: (climate change and (vulner$ OR adapt$) and health and air quality and (measur$ OR indicat$
or determin$ or risk$)).ab

=53

=17 after removing duplicates from Ovid
=14 after removing duplicates from search (1)
-4 not relevant based on abstract reviews
=10 for review

-1 not relevant based on article review

=9 resources

List = [Blashki et al. 2011; Bowler et al. 2008; Casmiro et al 2006; Ebi and Macgregor 2008; Kinney
2008; Knowlton et al. 2004; Kovats, Wilkinson and Menne 2010; Sheffield and Galvez 2009; WHO
2009]

Temperature

Search: (climate change and (vulner$ or adapt$) and health and (extreme heat or extreme temperature$
or extreme cold) and (measur$ or indicat$ or determin$ or risk$)).ab

=29

=9 after removing duplicates from Ovid

=6 after removing duplicates from search (1 and 2)
-1 article not relevant based on article review

=5 resources

List = [Cheng and Su 2010; Ebi et al. 2006; Luber and McGeehin 2008; O'Neill et al. 2005; Stone, Hess
and Frumkin (2010)]

Extreme weather and natural disasters/hazards

Search: (climate change and (vulner$ or adapt$) and health and (extreme weather or natural hazard$ or
natural disaster$) and (measur$ or indicat$ or determin$ or risk$)).ab

=141 references

=48 after removing duplicates from Ovid

-22 duplicates from search 1, 2 and 3

-13 articles not relevant based on abstract review
-4 articles inaccessible

=9 for review

-3 articles not relevant after article review

=6 resources

List = [Balbus and Malina 2009; Diaz 2006; Greenough et al. 2001; McMichael et al. 2006; O'Neil and
Ebi 2009; Patz et al. (2000)]
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Vector-borne disease

Search: (climate change and (vulner$ or adapt$) and health and (vector$ or zoono$ or infectious) and
(measur$ or indicat$ or determin$ or risk$)).ab

=9 references

=5 after removing duplicates

=2 after removing non-relevant titles

=1 after removing non-relevant article based on review

List = [Patz et al. 2005]

Food and water contamination

Search: (climate change and (vulner$ or adapt$) and health and (food or water) and (measur$ or
indicat$ or determin$ or risk$)).ab.

=9 references
=1 reference after deleting duplicates (8)

List=[Casman et al. 2000]
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