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ASSESSMENT OF ELEVATED LEAD CONCENTRATIONS IN SOIL
IN WINNIPEG NEIGHBOURHOODS

EXECUTIVE SUMMARY

Several investigations were conducted during the 1970s and 1980s to address concerns related
to lead exposure in the neighbourhood of Weston and surrounding areas within the City of
Winnipeg. A number of sites, including Weston Elementary School, were remediated in the
early 1980s in response to the identification of soil lead concentrations that were considered to
present a risk to young children. Automobile exhaust from leaded gasoline was identified by
several investigations as likely being the main contributor to lead content in Winnipeg soils, with
additional contributions from industrial emissions and deteriorating painted surfaces.

Investigations conducted by the Province of Manitoba (the Province) in 2007/2008 and 2018
involved the resampling of areas that were included in the previous studies to determine if lead
concentrations had changed since the 1980s. Concentrations were noted to have decreased
significantly over this period following the phasing out of leaded gasoline and the closure of
three (3) secondary lead smelters in the west end of the City. The most recent investigations
have indicated that elevated soil lead concentrations associated with point sources of emissions
tend to be localized, while the deposition of lead from the historical use of leaded gasoline has
resulted in more widespread contamination along major traffic arteries. These studies have
reported lead concentrations above the current Canadian Council of Ministers of the
Environment (CCME) residential soil quality guideline of 140 pg/g.

The Province, as represented by the Ministers of Health, Seniors and Active Living and
Sustainable Development, retained Intrinsik Corp. (Intrinsik), in association with Habitat Health
Impact Consulting, to provide services related to the evaluation of potential human health risks
associated with the lead content of soils in neighbourhoods throughout the City of Winnipeg.
This also included an evaluation of the benefits of conducting further investigations and
recommendations regarding risk management and communication in relation to the measured
concentrations of lead. This work was divided into five primary tasks:

¢ Task 1: Review of available soil investigation data for Winnipeg neighbourhoods;

e Task 2: Review of current and historical records to identify general and point sources of
lead within the City;

o Task 3: Review of approaches used by Canadian and Western jurisdictions for
addressing lead in soil;

e Task 4: Qualitative assessment of health risks associated with the lead concentrations
measured in Winnipeg soils; and,

e Task 5: Recommendations for further assessment of risks and proposed risk
management and risk communication options.

Summary of Findings of Task 1 — Review of Available Soil Investigation Data

The Province’s review of historical data determined that many of the sites sampled during the
investigations conducted in the 1970s and 1980s contained concentrations of lead in soil that
exceeded the CCME guideline. As a result, the Province conducted a soil sampling program in
2007/2008 to re-sample these locations with the objectives: (i) of determining if concentrations

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
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had significantly changed over this period; and, (ii) to provide a preliminary assessment of
current conditions based on a comparison to the CCME guideline. This included the collection
of samples from soil depths of 2.5 cm and 5 cm, and from dust from hard surfaces. The results
of the Province’s investigation indicated that concentrations of lead in soil, sod, and aggregate
materials were lower than those measured in the 1980s. The overall general decrease was
attributed to the phasing out of leaded gasoline and the closure of the three (3) secondary lead
smelters over this period.

Despite the overall decrease in concentrations, five (5) of the six (6) playgrounds sampled in
2007 contained exceedances of the CCME guideline in sod and/or soil samples. No
exceedances were identified in areas with aggregate materials, such as sand boxes and areas
below swings and play structures. Concentrations of lead had a notable decrease in school
yards from the previous sampling event in 1983; however, the Weston Elementary School
sports field continued to have elevated concentrations of lead in the sod and the underlying soil.
Concentrations of lead in sod and soil samples collected from residential boulevards in the
neighbourhoods of Wolseley/Minto, Riverview/Lord Roberts, and Glenelm/Chalmers were
notably lower in 2007 relative to 1983, with a small number of sites containing concentrations
above the CCME guideline. However, 17 of 23 samples (74%) collected from North Point
Douglas contained lead concentrations that exceeded the guideline. The elevated
concentrations observed in boulevards in North Point Douglas were likely attributed to both
vehicle emissions at major traffic arteries and airborne dust from local scrap yards.

As a follow-up to the 2007 investigation, the Province conducted a supplemental investigation in
2008 which focused on playgrounds and sports fields in areas in the vicinity of potential
historical and current point sources of lead. Overall, concentrations of lead were lower than the
CCME guideline of 140 pg/g, with only one exceedance out of 90 samples.

In response to public concern, the University of Manitoba, with assistance from the South St.
Boniface Residents Association, conducted a soil investigation in fall 2017 that focused
exclusively on the neighbourhood of St. Boniface. A total of 174 soil samples were collected at
a depth of 0 to 10 cm from commercial, public, and residential properties. This represented the
greatest sampling frequency for any of the neighbourhoods sampled to date. Overall, less than
15% of samples contained lead concentrations that exceeded the CCME guideline.

The most recent soil investigation was conducted by the Province in 2018, focusing on locations
that were previously sampled during the studies completed by the Province in 2007/2008 and
the early 1980s. This investigation was not intended to be an exhaustive study of lead in soil in
the City. The objective was to identify any changes in concentrations over time in areas that
were included in previous investigations. All samples were collected from a depth of 0to 7.5
cm, including locations from four (4) residential boulevards (i.e., Wolseley/Minto, Riverview/Lord
Roberts, Glenelm/Chalmers, and North Point Douglas), eighteen (18) schools, and thirty-two
(32) parks and playgrounds. Exceedances of the CCME guideline were identified at the Weston
Elementary School (multiple samples), Westview Park (one sample), and North Point Douglas
(multiple samples). Each of these areas were identified as having exceedances in previous
investigations.

Following a review of the available data as part of Task 1, the results of the two (2) most recent
soil investigations conducted by the Province and the investigation conducted by the University
of Manitoba for the neighbourhood of St. Boniface were considered to provide the most
applicable soil concentrations for further consideration in the assessment of potential health
risks:
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e Manitoba Sustainable Development. 2019. Winnipeg Soil Survey, Fall 2018.
Environmental Compliance and Enforcement Branch. January 2019.

e University of Manitoba. 2017. Soil Sampling Results from the St. Boniface Area. 2017
(unpublished).

e Manitoba Conservation. 2010. Sampling Report: Surface Soil Lead Levels in Winnipeg,
Manitoba: 2007 and 2008. Report No. 2009-03. Winnipeg, Manitoba.

These studies were selected as they were completed following the phase-out of leaded fuels
and the closure of the three (3) secondary lead smelters in the City. As a result, they are
considered to be more representative of present-day exposures. The sampling methodologies
utilized in these studies varied, particularly in regard to the sampling depths which focused
primarily on the top 2.5 and 5 cm within the 2007/2008 Provincial study, and the top 7.5 and 10
cm for the 2018 Provincial and 2017 University studies, respectively. This variability presented
challenges with respect to comparing sample results between locations and sampling reports,
as well as in identifying the most applicable data for evaluating potential human health risks.
The leaching of lead is limited due to its tendency to adsorb to soil particles, and since it does
not degrade over time, elevated concentrations often persist in surface soils. Generally, soil
sampling completed for the purpose of estimating exposure to the general population through
incidental ingestion and dermal contact are collected from depths of less than 5 cm below
ground surface. As a result, surface soil data provided in the 2007/2008 Provincial study, and
the residential data provided in the 2017 University study, were primarily used for further
evaluation of risks.

A total of ten (10) neighbourhoods were identified for closer evaluation based on the frequency
and magnitude of the exceedances of the CCME guideline of 140 pg/g: Centennial, Daniel
Mcintyre, Glenelm/Chalmers, North Point Douglas, River/Osborne, Sargent Park, St. Boniface,
West End, Weston and Wolseley/Minto. However, the identification of these neighbourhoods as
being of potential concern was based on a limited number of samples which may not accurately
characterize soil lead concentrations throughout these areas. Additionally, other
neighbourhoods may also contain lead concentrations occurring at a frequency and magnitude
that represent a potential concern which have not been identified by the available data.
Although many of the primary sources of lead emissions are no longer present, the affinity for
lead to bind to organic matter in soil will allow lead to persist in surface layers. As a result, the
elevated concentrations of lead that were identified in earlier soil investigations are likely to
continue to be present in soils that have not been removed or amended since the early 1990s.

Summary of Findings of Task 2 — Identification of General and Point Sources of Lead in
Winnipeg

Following the review of the available data describing lead concentrations in soils throughout
Winnipeg, the current and historical sources of contamination were evaluated to help further
identify areas of potential concern. The review of potential sources of lead in Winnipeg found
that historical deposition of lead in various parts of the City were attributable to a combination of
sources. Studies conducted by the Province indicated that several older neighbourhoods in the
inner City had elevated concentrations of lead in soil that were primarily attributed to the
presence of high traffic arteries and the historical use of leaded gasoline. A review of studies of
on-road sources of lead found that approximately 75% of lead additives in fuels were emitted
within the exhaust. Due to the larger size of vehicle exhaust particles, the majority of emitted
lead may have settled within 25 m of a roadway; however, elevated soil concentrations have
been identified at distances of up to 100 m.
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Several point sources have also been identified as contributing to soil lead levels in Winnipeg.
Specifically, the three (3) secondary lead smelters previously operating in the west end of the
City. Lead concentrations in soil in close proximity to these secondary lead smelters were
frequently 10-fold greater than those concentrations associated with vehicle emissions alone.
Numerous additional point sources of lead have also been identified throughout the City,
including scrap yards located along Sutherland Avenue in North Point Douglas where elevated
lead concentrations were identified within a zone of 60 m. Similar facilities have been identified
throughout the inner city. Although these facilities may not have emissions of lead from
industrial processes, it is anticipated that airborne particulates created during physical
manipulation of lead-containing products may have resulted in localized deposition to
surrounding properties. Proximity to rail lines, waste-transfer stations, or other
commercial/industrial areas may also result in the accumulation of lead within surface soils.
Although lead-based paint is no longer used, older neighbourhoods in the City may still be
impacted by its historical use. Lead-based paint from older buildings may deteriorate and peel
or chip from painted surfaces, accumulating in soils surrounding the buildings. Areas
considered to be hot spots of high lead contamination in soils typically occur within 1 to 2 m of
the painted surface. Lead paint particles within interior and exterior dust can represent a
significant source of lead exposure.

Based on information available in the investigations conducted by the Province, searches of
various databases, and background information provided in the primary literature, numerous
potential sources have contributed to concentrations of lead in soils throughout Winnipeg. The
largest contributors are anticipated to be the former secondary lead smelters and vehicle
emissions from major roadways due to the historical use of leaded gasoline. Given that the
smelters have ceased operations, and leaded fuels have been phased-out from use in on-road
vehicles, the historical primary sources of lead emissions for neighbourhoods in Winnipeg are
no longer present.

Several neighbourhoods throughout the City were identified as being of potential concern due to
elevated concentrations reported in the investigations described in Task 1. Based on the
identification of numerous additional point sources of emissions, there are a number of areas
that were not included within any of the soil investigations which may have received elevated
historical rates of deposition. This includes the northeast area of the City where industrial
operations were identified as having notable lead emissions, and in the neighbourhoods
surrounding the airport. Studies have identified elevated blood lead levels (BLLs) in children
living within 1 km of airports where leaded aviation fuel was used. The Canadian Pacific
Railway (CPR) Weston Yards, CPR Winnipeg Yards, and the Fort Rouge Yard were also
identified as being potential point sources of lead. Several schools (e.g., Archwood School,
Weston Elementary School, and Fort Rouge School) are in the vicinity of railway lines and
yards. Railyards and rail lines may be potential contributors to the elevated concentrations of
lead identified in soils in these areas. In addition, given that major roadways are identified as a
significant source of historical lead emissions, any neighbourhood that includes major traffic
arteries may also represent areas of potential concern.

Summary of Findings of Task 3 — How Canadian and Western Jurisdictions Address Lead in
Soil

Task 3 included a review of the approaches used by Canadian and Western International
jurisdictions to address concerns related to lead in soil. This review focused on those agencies
that have utilized the current understanding of the toxicological effects of lead as a non-
threshold contaminant. This review also considered risk management strategies implemented
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at the federal, provincial, and municipal levels, as well as those recommended by recognized
international agencies.

In the last 10 years, several leading international agencies have concluded that
neurodevelopmental effects among infants and children is the primary health concern related to
lead exposure, with 1Q score being the most sensitive of all neurological-related endpoints.
There is consensus that these neurodevelopmental effects may occur in association with levels
of exposure lower than those previously believed to be safe. Health Canada has recently
concluded that selecting children as the most susceptible subpopulation, and
neurodevelopmental effects as the most critical endpoint, was protective of other adverse
effects of lead exposure (e.g., cardiovascular, renal, and reproductive effects) across the entire
population. Changes in the weight of scientific evidence regarding these effects has resulted in
decreased intervention levels for use by public health organizations for the protection of
children’s health, as well as lower soil quality guidelines. The current state of science suggests
that previous approaches for evaluating lead based on the concept of a ‘safe’ level of exposure
are not sufficiently protective, and that other, non-threshold approaches should be utilized. As a
result, comparison of soil concentrations to the current CCME soil quality guideline may not
provide an adequate indication of potential risks to young children.

Various case studies for lead contaminated sites in Canada, the United States (US), and
elsewhere indicate that the reduction or elimination of emissions is the most effective approach
for reducing BLLs in children residing in areas impacted by point-sources. This is consistent
with the results of the systematic reviews and literature regarding intervention efficacy which
indicate that education on lead exposure and the benefits of good hygiene, and interventions to
control dust within households, may influence BLLs when used as part of a larger strategy that
includes environmental reduction; however, when used on their own, education and household
cleaning may have a limited to no effect on BLLs in children. Due to significant differences in
design among studies that examined soil abatement, including removal and replacement, and a
combination of interventions (e.g., education and dust control), there is generally insufficient
data to draw any specific conclusions concerning the effectiveness of soil removal on reducing
exposure in children. Given that the primary sources of lead emissions in Winnipeg are no
longer present, there is uncertainty regarding the levels of exposure experienced by children in
neighbourhoods throughout the City related to historical lead contamination in soil.

Summary of Findings of Task 4 — Assessment of Health Risks of Lead Concentrations in
Winnipeg Soils

Based on the review of available soil lead data, the potential sources of lead in Winnipeg
neighbourhoods, and the current understanding of lead toxicity, further evaluation of potential
exposure and risks was warranted. Understanding the relationship between soil concentrations
and exposure in children is important for the assessment of potential risks and the development
of environmental guidelines. Task 4 involved a qualitative assessment of potential risks using
multiple lines of evidence for the ten (10) neighbourhoods of potential concern identified in Task
1, including:

¢ Predictive blood-lead modelling based on measured soil data;

o Review of primary literature to identify relationships between soil lead and blood lead;
and,

o High-level qualitative evaluation of sociodemographic risk factors that can influence
BLLs in a population.

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 13



O
intrinsik

Blood lead levels were predicted using the Integrated Exposure Uptake Biokinetic (IEUBK)
model developed by the US Environmental Protection Agency. The assumptions and
algorithms used within the IEUBK model are designed to predict the likely distribution of BLLsS in
young children. However, it must be recognized that the use of the IEUBK model to predict
BLLs at a neighbourhood-level is associated with a number of uncertainties, one of which is that
it assumes that all children within a given population will be exposed to similar levels of lead
under a similar exposure scenario, where in reality the exposures may be much more variable
between children.

The IEUBK model was run using arithmetic mean soil concentrations for each of the ten (10)
neighbourhoods identified as having soil lead concentrations of potential concern. The
concentration of lead in drinking water was set as 0.17 ug/L which represents the average
concentration measured in city-supplied treated water in 2018. Given that areas of the City are
known to contain homes with lead-containing pipes and plumbing fixtures, the use of a drinking
water concentration of 0.17 pg/L may have underpredicted BLLs for some children. The
concentration of lead in air was assumed to be 0.002 pg/m? which represents the arithmetic
mean concentration associated with particulate matter with an aerodynamic diameter less than
2.5 um (PM25) as measured in Winnipeg from the most recent reported year (2017). A BLL of 2
Ho/dL was selected as a level of concern to be protective of neurodevelopmental risks to
children based on the current weight of scientific evidence regarding these effects. For
comparison, the results of the 2016-2017 Canada Health Measures Survey, which is reflective
of Canadian national averages, reported measured geometric mean BLLs of 0.56 and 0.54
pg/dL for Canadian children ages 3-5 and 6-11 years, respectively.

The predicted geometric mean BLLs for all children under the age of 7 years were found to
exceed a level of 2 pg/dL in the neighbourhoods of North Point Douglas (4.7 pg/dL) and Weston
(2.6 pg/dL). In North Point Douglas, Weston, and Daniel Mclintyre, the predicted BLLs for
children within the age groups of 6 months to 1 year, 1 to 2 years, 2 to 3 years, and 3 to 4 years
were also at or above 2 ug/dL. In addition, utilizing a standard factor to account for biological
and behavioral differences in receptors, as well as variability in repeat sampling and sample
analysis, the model predicted that there is a greater than 5% probability (ranging from 7.6% for
River/Osborne to 97% for North Point Douglas) that a child will have a BLL exceeding 2 pg/dL in
each of the ten (10) neighbourhoods based on the available soil data. Using the 95™ percentile
soil concentrations, the geometric mean BLLs were above 2 pg/dL for all neighbourhoods
considered. Of all the exposure pathways included in the model (food, water, soil, dust, air,
maternal transfer), soil/dust was found to contribute the most to the predicted lead exposures in
children under the age of 7 years (up to 94% for children aged 1 to 2 years in North Point
Douglas).

While these results may provide a general idea of the average neighbourhood risk potential, a
more accurate method to assess risk may be to consider soil concentrations on a property by
property basis. The results of the IEUBK modelling, using an ambient outdoor air concentration
of 0.002 pg/m?3, a drinking water concentration of 0.17 pg/L, and standard exposure estimates
associated with lead in a North American diet, indicate that a soil lead concentration of
approximately 165 pg/g will result in a geometric mean BLL of 2 pg/dL, and a soil concentration
of 50 pg/g is associated with a 95% probability that a BLL will be below 2 pg/dL. Given that St.
Boniface is the only neighbourhood for which sampling was conducted on residential properties,
soil results from this neighbourhood were used to identify the general proportion of properties
that may contain soil lead concentrations that exceed these values. Approximately 50% of the
sampled residential properties contained concentrations of lead that exceeded 50 ug/g, while
approximately 12% exceeded a concentration of 165 ug/g. Similarly, the results of the
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2007/2008 Provincial soil investigation indicate that 91% of surface soil samples collected from
boulevards in the neighbourhood of North Point Douglas contained concentrations that
exceeded 50 pg/g, and 74% of samples exceeded 165 pg/g. Assuming that concentrations
measured along these boulevards are reflective of conditions on residential properties, a
significant proportion of this neighbourhood may contain soil lead concentrations that exceed
these values. This may also be true for other Winnipeg neighbourhoods that have not been
characterized with the same sampling intensity.

Overall, the results of the IEUBK modelling indicate that the potential for children’s BLLs to
exceed a level of concern are relatively low for many of the neighbourhoods for which soil lead
results are available, particularly given that most of these areas do not have a significant active
source of lead emissions. Many studies have demonstrated significant decreases in BLLs
following a reduction or elimination of emissions despite the continued presence of elevated
concentrations in soil. There are numerous areas of uncertainty associated with characterizing
opportunities for exposure to soil contamination resulting from historical emissions. However,
there is a greater potential for children to have elevated BLLs in the neighbourhoods of North
Point Douglas and Weston as a result of the frequency of elevated soil lead concentrations in
these areas.

Given that modelling of BLLs was only conducted for those neighbourhoods that were identified
as having 10% or more of samples with concentrations that exceeded the CCME guideline,
there are several additional neighbourhoods where sampling has occurred where the potential
for elevated BLLs are considered to be low. It must be noted however, that the available
sampling data for these and most other Winnipeg neighbourhoods may not be representative of
soil concentrations on residential properties throughout these areas. Sampling conducted by
the Province was restricted to public lands including boulevards, parks, and schools. In
particular, sampling from the Weston neighbourhood was heavily focused on the Weston
Elementary school yard which may or may not be representative of the variability of
concentrations throughout this neighbourhood. The soil investigation conducted by the
University of Manitoba for the neighbourhood of St. Boniface consisted of the collection of 174
samples, including sampling on approximately 150 residential properties. As a result, the
variability in soil lead concentrations in this neighbourhood is probably more accurately
characterized than for other neighbourhoods.

Given the theoretical nature of modelling BLLs based on assumptions of exposure, uptake, and
biokinetics, studies in which lead exposure have been measured via blood lead analysis and
used to establish a correlation between BLLs and concentrations of lead in soil were also
considered. Empirical results are often used to generate a regression or slope factor relating
changes in BLLs with soil or other environmental lead concentrations. Slope factors generated
using empirical data reflect site-specific and study-specific exposure scenarios, and as a result
there is inherent uncertainty in applying these factors to other sites. Therefore, the relationships
between soil concentrations and BLLs identified within these studies were used to provide a
qualitative assessment of potential risks to Winnipeg residents. Given that automobile exhaust
from leaded gasoline is interpreted to be the main (past) contributor to lead content in soils of
central areas of Winnipeg, this was an important consideration in the identification of
comparable neighbourhoods.

A review of numerous studies describing the empirical association between soil lead
concentrations and BLLs in children have shown significant and strong associations between
the two variables on a case-by-case basis. Some models report a linear relationship between
soil lead and BLLs, with slopes indicating that for every 1,000 pg/g increase in soil lead there is
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an increase in children’s BLL of 1.3 to 1.5 pg/dL. Other studies have reported a curvilinear
relationship in which BLLs increase at a much steeper rate at lower soil concentrations (1.4
po/dL per 100 pg/g) followed by a more gradual increase at higher concentrations (0.32 pg/dL
per 100 ug/g). Itis important to note that relationships varied significantly across studies, and
other factors, including seasonal variability and child age, can have a large impact on lead
exposure in children.

The slope predicted using the IEUBK model is greater than those derived using empirical data,
however, at soil lead concentrations below 100 pg/g the IEUBK model predicted lower BLLs
than the empirical relationships which may be related to the assumption of low exposures
related to air and drinking water in Winnipeg. At relatively low soil lead concentrations, the
curvilinear relationships identified in several studies may be the most applicable models for
many Winnipeg neighbourhoods. These relationships demonstrate that BLLs increase at a
sharper rate at soil lead concentrations below 100 ug/g, followed by a more gradual increase
around 300 pg/g. Use of these models would predict geometric mean BLLs of greater than 2
pg/dL at concentrations below 100 ug/g, indicating potential concerns for several Winnipeg
neighbourhoods, however, it is unknown if non soil-related exposures in the neighbourhoods
that these relationships were based on are similar to those in Winnipeg. As a result, there is
uncertainty in the application of the empirical results to predict BLLs in Winnipeg
neighbourhoods.

Contributing to the uncertainty associated with predicting BLLs and the effects of lead exposure
in Winnipeg children is the relatively lower socioeconomic and health status ratings for some of
the neighbourhoods identified as having elevated soil lead concentrations. This includes North
Point Douglas, Weston, Daniel Mcintyre, and Centennial, which share similar characteristics
including lower income, lower rates of employment, lower levels of education, higher proportion
of Aboriginal and visible minority residents, and lower ratings than for the overall City of
Winnipeg for several indicators of health (e.g., disease prevalence, birth weight, mortality rates,
life expectancy). As a result of these findings, the children living within the areas of Point
Douglas (which includes North Point Douglas), Inkster (includes Weston), and Downtown
(includes Daniel Mcintyre) may be more vulnerable to the effects of lead toxicity than children in
other areas of the City.

Summary of Findings of Task 5 — Recommendations for Further Assessment and Risk
Management Options

To aid the Province in identifying potential actions to address health concerns related to lead in
Winnipeg soils, a general overview of options was conducted as part of Task 5. This included
consideration of approaches for further investigation, risk management, and public outreach.
Given that the current CCME guideline is not based on the most recent scientific evidence
regarding lead toxicity, preliminary calculations were made for site-specific remediation criteria
based on a range of recently endorsed non-threshold-based toxicity reference values and
literature-based bioaccessibility estimates. This resulted in a range of values for a residential
soil guideline of 100 to 210 pg/g using a standard CCME approach based on central tendency
estimates. The current CCME guideline of 140 pg/g falls within this range. However, use of an
approach that accounts for probability distributions of BLLs, such as those estimated using the
IEUBK model, may result in a residential soil lead criterion well below 100 ug/g.

Based on the information available to describe lead content in soils in various neighbourhoods
throughout Winnipeg, the completion of a quantitative human health risk assessment (HHRA) is
unlikely to provide significant further insight into the interpretation of potential risks. Additional
investigations focusing on characterizing the distribution and bioaccessibility of lead in soils, as
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well as lead content in other environmental media such as indoor dust, at-tap drinking water,
and painted surfaces, would be required to realize the full potential benefits of conducting a
detailed HHRA.

Several potential risk management and remediation activities are available for lead. Each
option is associated with various benefits and challenges and should be considered carefully
with respect to the potential risks and benefits of implementing these options on a site-by-site
basis. Information available from case studies and the literature suggest that a reduction in the
source of lead exposure within neighbourhoods through emission reduction or elimination, or
soil-capping/remediation, are the most effective measures for reducing BLLs. Household
abatement, indoor dust management and hygiene practices appear to be generally less
effective when used on their own. Given that the primary sources of lead contamination for
Winnipeg soils have been eliminated (e.g., leaded fuels, secondary lead smelters), further
source reduction would likely be limited to isolated commercial/industrial operations.

Overall, using multiple lines of evidence, including characterizing the frequency and magnitude
of exceedances of health-based soil criteria, theoretical modelling of BLLs, and extrapolation of
empirical data to relate soil concentrations to potential BLLs in Winnipeg children, the
assessment of potential risks associated with soil lead concentrations indicates that further
study may be warranted. Given that there are sufficient data to demonstrate that soil
contamination in certain neighbourhoods represents a potential concern, blood lead monitoring
is recommended as an effective approach for assessing risks and the potential need for further
soil sampling and/or the implementation of risk management measures. For the neighbourhoods
of Weston and North Point Douglas, the available soil data indicates that there is a higher
probability of elevated BLLs for children living in these areas. For these neighbourhoods, the
combination of elevated soil concentrations and lower socioeconomic status creates greater
concern for health risks. Biomonitoring in these areas will help to determine if similar studies
are needed for other neighbourhoods throughout Winnipeg.

In addition to the collection of blood for lead analysis from children under the age of 7 years, a
detailed questionnaire for participants is recommended to collect information about their
environment and various personal factors that may influence exposure to lead. The collection of
environmental samples from individual households of participants can also be included as part
of the study to examine the potential influence of various environmental media on levels of
internal exposure.

Recommendations

Based on the findings of the work completed in Tasks 1 to 5, recommendations are provided for
consideration by the Province related to risk communication, risk management, and further
investigation of potential human health risks associated with lead in soils within the City of
Winnipeg.

Recommendation 1: Community Outreach and Education.

It is recommended that the Province, in collaboration with key stakeholders (including but not
limited to the City of Winnipeg), develop an overall lead awareness communication program.
This program should develop opportunities to communicate the potential for lead exposure, the
potential health hazards in Winnipeg, and options for reducing exposure to lead. A central
repository for information should be maintained on a dedicated website with social media
linkages. All reports, presentations, factsheets, status updates, and press releases could be
shared on such a website, including the final version of this assessment as well as all historical
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reports characterizing lead in soils in Winnipeg. This may be an expansion of the existing “2018
Winnipeg Lead in Soil Survey” page
(https://www.gov.mb.ca/health/publichealth/environmentalhealth/wlss.html) which already
includes links to numerous fact sheets and historical reports. Practical approaches for reducing
exposure to lead are already provided on this website, focusing on all potential sources
including soil, home gardens, drinking water, paint, and hobbies. This website and related
social media platforms could also provide an opportunity for residents to submit written
guestions or concerns to be addressed by a public health representative in Winnipeg (in
addition to the current opportunity to call a health care provider or Health Link representative via
the phone numbers provided). The website should be updated on a regular basis and provide
an opportunity for health officials to address new and emerging concerns related to lead
circulating in the news and on social media (e.g., new studies on lead in drinking water
throughout Canada, release of the findings of the City of Winnipeg’s drinking water study).

Factsheets

The Province has existing factsheets regarding general lead exposure and risks, soil lead
exposure and risk to Winnipeg residents, as well as exposures related specifically to gardening.
As part of a city-wide communications strategy that could begin at any time, this information
should be updated and shared widely. Based on the technical aspects of the literature reviewed
within this report, suggested edits are provided below.

For the general lead factsheet, it is suggested that additional information and recommendations
include:

e Covering bare, unamended soils on residential properties, including gardens and lawns
with inconsistent grass cover. This may include the addition of new sod to lawns, or
mulch, rocks, or other materials to gardens;

e The provision of preferred areas for children to play (e.g., raised sandbox, play
structures);

e Thorough and regular cleaning of toys and pacifiers used by children;

e Use of doormats at house entrances and consistent removal of outdoor footwear at
entranceways;

¢ Regular wet mopping of floors and the use of vacuums with HEPA filters; and,

¢ General information regarding home gardening (beyond the link provided to ensure that
people read the necessary information).

For the gardening factsheet, it is suggested that additional information and recommendations
include:

e Limit or prevent children from entering gardens if contaminant levels are unknown;

e |f contaminant levels are unknown, or the area is known to have elevated lead
concentrations in sail, reduce or eliminate practices that bring deeper soils to surface
such as aeration or tilling, or those that can re-distribute dusts (e.g., leaf-blowing);

e If unsure or concerned regarding garden food exposures, consider planting ornamental
plants and ground coverings; and,
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o If soil pH is found to be below 6.5 or above 7.5, apply soil treatments to adjust soil to
neutral pH (e.g., between 6.5 and 7.5).

Training for Daycares, Community Centres, Preschools, Schools and Parents Regarding
Lead Exposure Prevention

The lead awareness campaign could include training on hand washing and hygiene, including
the distribution of kits to parents and caregivers. This program could be similar to that created
for Flin Flon where a hand washing “super hero”, Mighty Bubble, appeared at events and his
character was incorporated into a handwashing “toolkit” that was distributed to all kindergarten
to grade 2 students, as well as to all children at public daycare centres in the community. Similar
toolkits containing resources for parents and caregivers can be distributed to children after
participating in workshops led by community health care workers.

Recommendation 2: Biomonitoring and Paired Environmental Sampling Study

Based on the results of the literature review and predictive blood lead modelling, a number of
neighbourhoods were identified as having soil lead concentrations that may be associated with
elevated risks to residents. Given these findings and the uncertainties related to theoretical risk
estimates and the limited soil sampling data for residential properties, it is recommended that a
biomonitoring study be completed with paired environmental sampling (of soil, drinking water,
interior paint, and dust) for residences with children under the age of 7 years with the objective
of measuring actual levels of lead exposure. This will help determine if exposures experienced
by young children represent a potential health concern. Such a study could be part of a larger
lead management and communication strategy by the Province in partnership with other
stakeholders (e.qg., the City of Winnipeg) to address overall lead exposure (e.g., including
drinking water). It is recommended that this study include neighbourhoods within the identified
priority areas of:

1. Point Douglas (specifically North Point Douglas, South Point Douglas, and
neighbourhoods to the west and north that have not been sampled for lead to date).
This area has been identified as having elevated soil lead concentrations above what
has been reported in urban areas where lead has been identified as a potential concern
in other parts of the world. The soil measurements to date have been focused on a
small area of Point Douglas. Using the IEUBK model, the predicted geometric mean
BLL for the neighbourhood of North Point Douglas was 4.7 pg/dL. A significant
proportion of soil samples collected from residential boulevards in this area contained
lead concentrations that exceeded values derived to be protective of a BLL of 2 pug/dL.
Further, due to the proportion of young children in this neighbourhood and the low
socioeconomic and health status of the area, biomonitoring and environmental sampling
in this area should be given particular priority.

2. Inkster (specifically Weston, as well as Burrows Keewatin which has not been sampled
to date). This area is highlighted due to its proximity to several historical emission
sources and the identification of elevated soil lead concentrations at Weston Elementary
School. Using the IEUBK model, the predicted geometric mean BLL for the
neighbourhood of Weston was 2.6 pg/dL. These results are based on soil samples
collected from the Weston School which has undergone multiple rounds of remediation.
Higher concentrations may exist on residential properties in the surrounding area. An
alternative approach may be to complete biomonitoring and environmental sampling for
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Weston to characterize exposure and identify the need for risk-mitigation measures, and
to complete only soil sampling within Burrows-Keewatin to determine the need for any
future biomonitoring in this area.

The areas listed above for proposed future study include neighbourhoods located in proximity to
major roadways, current or historical industrial emission sources, and areas with older housing
that may have lead paint and lead-containing plumbing and fixtures. It may also be of value to
extend the biomonitoring study into the Downtown area (e.g., Daniel Mcintyre) given the limited
extent of sampling coverage in this area.

The aim of the biomonitoring study is to measure the actual levels of exposure experienced by
children in the selected neighbourhoods of potential concern. In the event that the study
identifies children with elevated BLLs that represent a health concern, appropriate risk mitigation
strategies can be developed on an individual level with the assistance of medical and public
health personnel to reduce their overall exposure to lead. The environmental sampling of the
households of participating children included in a biomonitoring study is intended to capture
individual exposure hazards, as well as to provide information regarding sources of lead
exposure on a residence-to-residence basis such that the need for community-wide action can
be more clearly evaluated.

The findings of the biomonitoring and environmental sampling may reveal the need for
additional study in other areas of Winnipeg. It is also suggested that one or two
neighbourhoods from outside the central core area of Winnipeg that are of reflective of the
socioeconomic and health status of the City of Winnipeg as a whole are included as a control
group for comparison.

Recommendation 3: Weston School and Playgrounds.

It has been requested that a specific course of action be recommended for the Weston
Elementary School based on the extent of sampling completed to date. Despite the elimination
of the primary historical sources of lead emissions (i.e., the Canadian Bronze smelter and
leaded fuels), and the completion of a number of remediation activities, elevated concentrations
of lead continue to be identified in soils on this property. Ongoing contamination of soils and
sod may be related to the re-distribution of particulates from adjacent properties. Elevated
concentrations of lead were identified in the school yard in the most recent Provincial study at a
frequency and magnitude that warrants further investigation and potential risk management.
Given that the winter 2019/2020 season is commencing which will restrict access to impacted
soils due to frozen ground and snow cover, the implementation of immediate risk management
measures is not considered to be necessary. However, it is recommended that students,
parents, and staff are made aware of the potential concerns related to lead in soils on the
school grounds and are provided with an overview of the potential future actions that are being
considered by the Province.

In order of priority, recommended actions for the Weston school yard and sports field include:

e Promote hand washing and hygiene at the school (as well as to potential park users,
including area day cares and day homes) through an awareness campaign, and the
distribution of kits to parents and caregivers regarding handwashing and lead
awareness;
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e The collection of surface soil and sod samples following the spring thaw at a depth of 0-
2.5 cm to characterize current surface soil conditions. Any visibly exposed areas of soll
or aggregate should be sampled;

o Before the time of the first period of lawn maintenance in the spring/summer, the
maintenance staff at the school (and also other parks in the Weston area) should be
instructed to take measures to minimize the generation of dust or exposure to underlying
soils during landscaping maintenance (e.g., aeration, leaf blowing);

¢ Replacement of dust-generating sand or gravel in the playground area with a soil barrier
or solid rubberized playground surface material. If a barrier/rubber material are not
installed, consideration should be given to regular replacement of sand/gravel over time.
Wipe samples can be collected from hard surfaces (including playground equipment)
and analyzed for lead content (before and after the implementation of any mitigation
measures) on an annual or seasonal basis;

o Exposed soil surfaces should be covered in mulch, sod, or groundcover to prevent direct
access to soils and the generation of dust; and,

e Dependent on the findings of the supplemental sampling of soil, sod, and hard surfaces,
the replacement of grass with artificial turf for the sports field could be considered. This
will act as a complete barrier to any underlying impacted soils. Dust control measures
must be implemented during any excavation and installation procedures to reduce the
re-suspension of impacted materials which may be re-deposited on the new artificial
surfaces or adjacent properties. If installed, the turf should be cleaned and maintained
as per the manufacturer’s instructions, with any solid or liquid waste from the turf
contained and disposed of appropriately off-site.

Several of the above listed risk-mitigation measures could also be proactively taken for the other
schools, playgrounds, and recreational areas within the Weston neighbourhood on a case-by-
case basis with the overall aim of reducing the potential for soil and outdoor dust exposure for
young children.

Recommendation 4: Blood Lead Reporting and Monitoring.

Currently, elevated blood lead is not considered to be a reportable disease in Manitoba, and in
the event that a family doctor requests that a child be tested for lead exposure, there is no
tracking of this at a public health level. A reporting system that ensures that any children in the
province who are tested by their family physician or other public health personnel are tracked
and receive any necessary follow-up may assist public health officials in identifying clusters of
children who are potentially being adversely affected by lead.

Uncertainties and Limitations

The identification of neighbourhoods as being of potential concern was based on a limited
number of samples which may not accurately characterize soil lead concentrations throughout
these areas. Additionally, other neighbourhoods may also contain lead concentrations
occurring at a frequency and magnitude that represent a potential concern which have not been
identified by the available data. Significant gaps in the soil data are apparent in the areas
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immediately surrounding the railway line, particularly on the north side between McPhillips and
Main Streets, to the north of Dufferin and Dufferin Industrial. This area includes a large portion
of the Point Douglas Community Health Area and an area of the City known as the ‘north end’.
While data for North Point Douglas, Dufferin, and Dufferin industrial, and a few data points for
South Point Douglas are available, there is an overall lack of coverage.

The Weston area data set is also affected by the lack of residential samples. All available data
are for samples collected from the elementary school or sports field, and a few playgrounds.
While these are of relevance to school-aged children, they do not necessarily capture the
exposures that children under the age of 6 years may be receiving at home or in childcare. The
data is clustered and does not provide full coverage of the neighbourhood as a whole. Further,
numerous samples for Weston were collected at a depth of 0-7.5 cm rather than 5 cm or less.

There are some notable data gaps for the neighbourhoods within the Downtown area of
Winnipeg. All of the available information for Daniel Mcintyre (also considered be part of the
Downtown Community Health area) is clustered within area parks, without any coverage of
residential areas. Most of the soil data available for the neighbourhood of Centennial was
collected from the Dufferin Elementary School and did not include areas more representative of
residential exposures to which young children could be exposed. Several samples were
collected in Wolseley/Minto and Sargent Park from schools, community centres and residential
boulevards, however, no samples have been collected from residential properties in these areas
either. No residential area data are available for the other areas that fall within the Downtown
Community Health Area — Central Park, Assiniboine, West Alexander, West Broadway and
Spence or St. Matthews (located to the south). While it is acknowledged that this area is less
residential than some of the other neighbourhoods evaluated, the 2016 census data indicates
that there are children residing in these areas.

The data set for the neighbourhood of St. Boniface is the largest out of all of the
neighbourhoods evaluated in this assessment. The St. Boniface data from the investigations
conducted by both the Province and the University of Manitoba are focused on soil samples
from a depth of 0-7.5 or 0-10 cm, rather than less than 5 cm as recommended for the health
assessment of lead. Soil sample locations were inconsistent, with many of the St. Boniface
samples collected from gardens. It is likely that garden soils are amended to some extent with
soils obtained from other areas (e.g., topsoil, manure, compost, mulch, etc.) and as a result,
there is uncertainty regarding the use of these samples to represent soil lead concentrations on
a given property.

There is a large degree of uncertainty in utilizing relationships between soil lead and blood lead
identified from other studies or estimated using the IEUBK model to predict BLLs in children in a
neighbourhood of interest. The assumptions and algorithms used within the IEUBK model are
designed to predict the likely distribution of BLLs in young children. Use of the IEUBK model for
a neighbourhood-based assessment has limitations in that it assumes that all children within a
given population will be exposed to homogenous levels of lead under a similar exposure
scenario. In reality, there may be significant variability in the lead concentrations in media such
as indoor dust and backyard soil across properties within any given neighbourhood. The use of
empirical results to provide an indication of BLLs based on soil concentrations also has several
limitations and uncertainties given that there are inherent assumptions regarding similarities in
soil lead bioaccessibility, characteristics of the exposed population, and non soil-related
exposures.
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The current assessment addressed potential risks associated with concentrations of lead
measured in soil in inner city Winnipeg but did not evaluate or provide recommendations for
methods to prevent future and ongoing contamination. New and revised policies related to
sources of lead, industrial setbacks, emissions and air quality objectives, and licensing
approvals may also result in improvements related to lead in soil. Such decisions should be
made in consultation and partnership with municipalities, communities and industry.
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1.0 INTRODUCTION

Concern over exposure to lead in inner city Winnipeg appears to have been initially triggered in
1975 by the identification of elevated blood lead levels (BLLS) in workers at a Winnipeg foundry.
Exposures related to the casting of lead alloys resulted in a number of workers requiring
medical intervention. Atmospheric releases of lead from this facility, as well as exhaust
emissions from heavy vehicular traffic, raised concerns regarding the health status of residents
in the surrounding Weston neighbourhood. A blood lead study conducted on students from the
Weston Elementary School in 1976 identified elevated BLLs relative to those found in students
from a school selected as a control (Lord Nelson Elementary School). These findings resulted
in numerous investigations being conducted in Weston and surrounding neighbourhoods in
Winnipeg to characterize concentrations of lead in soils. A number of investigations conducted
by the Province of Manitoba (the Province) and other researchers concluded that elevated
concentrations of lead in Winnipeg soils are primarily attributed to leaded gasoline from vehicle
exhaust.

The initial comparison of soil lead results was made to a criterion of 2,600 ug/g (equivalent to
2,600 mg/kg or 2,600 ppm) which was adopted from the applicable Ontario Guidelines at the
time the soil investigations were completed (Jones, 1985). Concentrations of lead measured in
samples collected from boulevards, school yards, parks, and playgrounds generally met this
guideline, with the exception of numerous samples collected from the Weston Elementary
School. A number of sites, including Weston Elementary School, were remediated in the early
1980s in response to the identification of concentrations in excess of this guideline as these
soils were considered to represent a risk to young children (Jones and Wotton, 1982, 1983b;
Jones, 1985, Manitoba Conservation, 2010). The Canadian Council of Ministers of the
Environment (CCME) updated the Canadian Soil Quality Guidelines (SQGs) for the Protection
of Environmental and Human Health in 1999 and an SQG of 140 ug/g was established for lead
to be protective of human health from soil ingestion for residential/parkland properties.
Investigations conducted by the Province in 2007-2008 and 2018 resampled areas that were
included in the previous studies to determine if lead concentrations had changed since the
1980s. Concentrations were noted to have decreased significantly over this period following the
phasing out of leaded gasoline and the closure of three (3) secondary lead smelters in the west
end of the City. The most recent investigations have indicated that elevated soil lead
concentrations associated with point sources of emissions tend to be localized, while the
deposition of lead from the historical use of leaded gasoline has resulted in more widespread
contamination along major traffic arteries (Manitoba Conservation, 2010).

Since the derivation of the CCME SQGs for lead in 1999, there have been significant changes
in the understanding of the toxicological effects of lead in children and adults. This has resulted
in a re-evaluation of what is considered to be a “safe” level of lead in terms of exposure, and
changes to how BLLs are interpreted and managed. Up until 2013, the level of concern (or
intervention level) for BLLs in Canada was 10 pg lead per decilitre of blood (ug/dL). As of 2013,
this value was no longer considered to provide adequate protection (Health Canada, 2013a). A
new reference value has not been established by Health Canada to date.

In light of an increasing body of scientific research demonstrating a broad spectrum of health
outcomes associated with lead exposure, most notably neurological effects among children at
low BLLs (i.e., less than 10 pg/dL), various regulatory agencies have updated their respective
health-based policies and guidelines concerning lead. Much of these regulatory changes stem
from the evolving science on the toxicology of lead, and the opinions by numerous regulatory
agencies and scientific studies that a threshold for effects for lead cannot be determined, and
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hence, that there is risk at any level of exposure (Health Canada, 2013a; US EPA, 2006; WHO,
2010c, JECFA, 2011). As aresult, there is no longer a “safe limit” of exposure to lead (a level
below which adverse effects are not anticipated to occur). Hence, the blood lead “action level”
or “intervention level” has been reassessed, as have various guidelines or benchmarks related
to management of lead in air, soil, and drinking water.

Many international agencies, including Health Canada (2013a), have indicated that the
relationship between 1Q score (in children) and BLLs is the strongest line of evidence of adverse
effects in humans at BLLs of less than 10 pg/dL. Neurodevelopmental effects among infants
and children is the primary health effect of concern, with 1Q score being the most sensitive of all
neurological-related endpoints. Health Canada has concluded that selecting children as the
most susceptible subpopulation, and neurodevelopmental effects as the most critical endpoint,
was protective of other adverse effects of lead exposure (i.e., cardiovascular, renal, and
reproductive effects) across the entire population.

Blood lead levels of Canadians have declined significantly over the past 30 years. However, in
response to the evidence that health effects are occurring at levels below 10 pg/dL, and in
consideration that it is appropriate to apply a conservative approach when characterizing risk,
additional measures to further reduce exposures of Canadians to lead are warranted (Health
Canada, 2013b). Accordingly, the overall Government of Canada risk management objective
for lead is to reduce exposure to lead to the greatest extent practical by strengthening current
efforts in priority areas where the government can have the greatest impact upon exposure of
Canadians.

The Province, as represented by the Ministers of Health, Seniors and Active Living and
Sustainable Development, retained Intrinsik Corp. (Intrinsik), in association with Habitat Health
Impact Consulting, to provide services related to the evaluation of potential human health risks
associated with the lead content of soils collected from residential areas within the City of
Winnipeg, and to provide recommendations regarding further investigation, risk management,
and public engagement. This project was divided into five (5) primary Tasks identified within the
Scope of Work outlined within the Request for Proposal #MHSAL-2019-001.

Tasks 1 to 3 represented an information gathering stage that were used to support the
assessment of potential risks to residents of Winnipeg. Task 1 involved a review of the
available investigations and data describing the characterization of lead content in Winnipeg
soils. Task 2 included a review of current and historical records to identify general and point
sources of lead emissions within the City of Winnipeg. Federal and provincial registries and
databases were utilized to identify past and current facilities releasing lead in large quantities to
the environment. The results of this Task were used to identify areas within the City that may
have experienced elevated or unique opportunities for the deposition of lead to soils. Task 3
included a review of the approaches used by Canadian and Western International jurisdictions
for addressing concerns related to lead in soil, focusing on those that have utilized the current
understanding of the toxicological effects of lead as described above. This review considered
risk management strategies implemented at the federal, provincial, and municipal levels, as well
as those recommended by international agencies such as the US Environmental Protection
Agency (US EPA) and the World Health Organization (WHO). A focused search of the peer-
reviewed published literature was also conducted, identifying studies published after Health
Canada’s preparation of their “Final Human Health State of the Science Report on Lead”
(Health Canada, 2013a), that relate to the assessment of lead in soil and potential human
exposure and health risk.
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Task 4 included a qualitative assessment of health risks associated with concentrations of lead
measured in Winnipeg soils. This was accomplished by considering the relationship between
soil concentrations and exposures in children as identified using theoretical models to predict
exposure and uptake, and through consideration of empirical results generated by studies in
which both environmental concentrations and exposures were measured. These results were
used in Task 5 to assess the need for risk management measures, provide options for risk
communication and public engagement strategies, and a discussion of the potential benefits of
further investigations such as human health risk assessment (HHRA) or biomonitoring.

This report has been arranged by Task, with an initial summary followed by a more detailed
discussion of the findings for each. Additional summaries, search strategies, and data tables
are provided in appendices.

The current assessment addressed potential risks associated with concentrations of lead
measured in soil in inner city Winnipeg but did not evaluate or provide recommendations for
methods to prevent future and ongoing contamination. New and revised policies related to
sources of lead, industrial setbacks, emissions and air quality objectives, and licensing
approvals may also result in improvements related to lead in soil. Such decisions should be
made in consultation and partnership with municipalities, communities, and industry.
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2.0 TASK 1: EVALUATION OF CURRENT AND HISTORICAL DATA FOR LEAD
IN WINNIPEG SOILS

Numerous investigations characterizing lead content in soils have been completed within the
City of Winnipeg over the last four decades. Automobile exhaust from leaded gasoline has
been identified by several investigations as likely being the main contributor to lead content in
Winnipeg soils, with additional contributions from industrial emissions and deteriorating painted
surfaces. A detailed review was conducted of each of these investigations. Information
gathered as part of this exercise was used to evaluate the adequacy of the existing data to
assess exposure and risk to people residing in various neighbourhoods throughout Winnipeg.

The sampling methodologies utilized in these investigations were considered when evaluating
the relevance of the data for characterizing potential exposure to receptors. This includes the
depth at which samples were collected to determine if they are representative of soils that may
be encountered on a regular basis by children and other age groups during normal daily
activities. Samples that were collected well below ground surface or from areas where there is
a continuous barrier that would prevent or significantly limit opportunities for human contact
during routine behaviour may not be suitable for assessing chronic exposure and risks to
residents.

The leaching of lead is limited due to its tendency to adsorb to soil particles, and since it does
not degrade over time, elevated concentrations often persist in surface soils (ATSDR, 2019).
Generally, soil sampling completed for the purpose of estimating exposure to the general
population via incidental ingestion or dermal contact are collected from depths ranging from
ground surface to 2.5 cm or potentially 5 cm below ground surface. Samples are typically
composed of a composite of multiple individual soil cores collected from within a small defined
area that is likely to be used by residents (particularly children) on a frequent basis (e.qg.,
backyards, playgrounds, school yards). There may be justification for excluding data collected
from sampling locations that are not representative of areas of this nature (e.g., subsurface
samples collected to delineate contaminated sites).

The primary intention of the assessment was to characterize potential exposure and risks to the
general population of urban areas of Winnipeg. Therefore, the nature of the investigations and
the sampling strategies were reviewed to determine if the identified lead contamination was
associated with property-specific sources that would not be representative of conditions across
the neighbourhood. This includes investigations that were conducted for the purpose of
characterizing contamination associated with above ground or underground storage tanks used
for commercial or residential heating, retail fuel outlets, bulk fuel storage facilities, or other
commercial industrial properties with localized contamination related to spills or on-site activities
that are not anticipated to impact surface soils in the surrounding neighbourhood.

Following the exclusion of any data that was not considered to be appropriate to be used in the
assessment of potential risks to human health, an overall data gap analysis was conducted to
describe areas of uncertainty in the characterization of soil lead content throughout the study
area. This included an analysis of the nature of the distribution of lead content in soils and the
description of statistical parameters of the data set that were used in the evaluation of health
risks. These results were used to complete a preliminary screening-level assessment of risks
by comparing soil concentrations to health-based soil quality guidelines with consideration given
to the magnitude and frequency of any exceedances. A summary of the findings of Task 1 is
provided in Section 2.1. A more detailed review of the individual investigations is provided in
Section 2.2.
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2.1 Summary of the Findings of Task 1

This section provides an overview of the historical and more recent soil investigations
completed by the Province and other researchers. Only a sub-set of the soil data collected was
selected for inclusion for further screening and analysis. This selection is described further
within Section 2.1.3 followed by a discussion of uncertainties and data gaps in Section 2.1.4.

211 Background

Following the identification of elevated BLLs in foundry workers and students in the Weston
neighbourhood in the mid-1970s, a series of investigations were conducted by the Province in
the 1970s and 1980s to characterize lead content in soils and other environmental media (e.g.,
sod, sand, vegetation, and dust from hard surfaces) in the inner city of Winnipeg. These
investigations indicated that concentrations of lead generally met the then applicable guideline
of 2,600 ug/g in soil samples collected from boulevards, school yards, parks, and playgrounds in
several neighbourhoods, although concentrations from numerous locations exceed the current
CCME guideline for lead in residential soils of 140 pg/g (additional information regarding this
guideline value is provided within Section 4.2.2.3.1). The notable exception was the
identification of concentrations of lead that exceeded the guideline of 2,600 ug/g in particulates
from the paved play area at the north side of the Weston Elementary School in 1980 and 1981,
with an average concentration of 4,850 ug/g (Jones, 1985). In response, a dry vacuuming
procedure was used to remove approximately 1.0 tonne of debris in 1981. Ongoing monitoring
in 1982 and 1983 identified that lead concentrations in debris once again exceeded the
guideline. Dry vacuuming removed an additional 1.36 tonnes of debris in 1983 (Jones, 1985).
Given that deteriorating lead paint was suspected to be contributing to the elevated
concentrations of lead in debris at the Weston Elementary School, all painted surfaces on the
north and west sides of the school were scraped and repainted in the summer of 1984. This
was followed by the removal of the paved ground surfaces adjacent to Logan Avenue at the
front of the school and along Quelch Street on the west side of the property. New soil, sod,
trees, and shrubs were added to these areas. Despite these efforts, lead concentrations in
excess of the current guideline were identified during the subsequent studies conducted at the
school in 2007/2008 (Manitoba Conservation, 2010) and 2018 (Manitoba Sustainable
Development, 2019).

Three (3) secondary lead smelters previously operated in the west end of the City (Figure 2-1).
The Canadian Bronze Co. Ltd. (Canadian Bronze) smelter was located on Bury Street north of
Logan Avenue in the Weston neighbourhood, in close proximity to the Weston Elementary
School and numerous residential properties. This facility closed in the 1990s and the property
was remediated in 1999-2000. The Canada Metal Co. (Canada Metal) smelter was located at
St. James Street and Wellington Avenue in the St. James Industrial Park neighbourhood. The
properties immediately surrounding this facility are commercial/industrial in nature. The smelter
operated from 1954 to 1976, and battery storage and smashing activities occurred from 1954 to
2002. All operations at this facility ceased in 2002 and the area was remediated in 2004. The
Northwest Smelting Co. (Northwest Smelting) smelter was located at the west end of Logan
Avenue, an area that is also surrounded by commercial and industrial properties (Manitoba
Conservation, 2010). The smelter ceased operations in early 2000s and the site has since been
remediated.
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Locations of the Three Historial Secondary Lead Smelters §
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Figure 2-1  Locations of the Three Secondary Lead Smelter Sites in Winnipeg, MB
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The efficacy of the pollution control devices utilized by the three (3) secondary lead smelters
were suggested to have been limited, including a period in which there was uncontrolled
emissions from the Canada Metal facility due to a stack knock-down (date not specified), and a
period in July and August 1979 when the Canadian Bronze smelter was shut down due to
excessive levels of lead in air (Krawchuk, 1980). Concentrations of lead in air samples
collected in 1979 and 1980 near the Canada Metal and Northwest Smelting facilities exceeded
the Manitoba Air Quality Guideline of 5 pg/m?® (Jones, 1985). Soil lead concentrations collected
in the late 1970s in areas in close proximity to the secondary lead smelters were frequently
found be ten-fold higher than concentrations that were associated with typical vehicle emissions
only. Elevated concentrations of lead were identified in soils within a radius of at least 450-500
m of the Canadian Bronze smelter site located in the Weston neighbourhood. Although a
gradient of decreasing soil concentrations with increasing distance from this site was observed,
concentrations as high as 1,000 pg/g were still identified near the end of a number of transects
extending out from the facility (Wotton, 1979). Elevated concentrations were also identified in
the immediate vicinities of the Canada Metal and Northwest Smelting facilities, with relatively
low concentrations observed in samples collected at a distance of 300-600 m (Krawchuk, 1980).

Despite these findings, an analysis of lead particulates in air and soil in 1982 to “fingerprint” lead
emissions indicated that the major source of lead deposition in the Weston neighbourhood was
likely motor vehicle exhaust from Logan Avenue rather than emissions from the smelters
(Wotton and Doern, 1983). This was supported by the repeated observation that elevated
concentrations were most commonly found in areas of high vehicular traffic (Wotton, 1979;
Jones, 1986b; Manitoba Conservation, 2010; Manitoba Sustainable Development, 2019). As a
component of the soil investigation conducted by the Province in 1983 (Jones and Wotton,
1983b), sample locations on residential boulevards and schoolyards were selected to represent
conditions at various distances from major traffic thoroughfares. Lead concentrations in the sod
and upper 5 cm of soil from residential boulevards were highest along major traffic routes such
as Osborne Street and Jubilee Avenue in the Riverview neighbourhood, Henderson Highway
and Hespeler Avenue in the EImwood-Henderson Highway neighbourhood, and Portage
Avenue in the Wolseley-Portage neighbourhood. Similarly, several school yard samples with
the highest soil lead concentrations were collected in close proximity to major traffic routes (e.g.,
along McPhillips Avenue at Lord Nelson Elementary School, along Sherbrook Street at Sacre-
Coeur Elementary School, along Logan Avenue at Dufferin Elementary School, and along
Broadway Street at Gordon Bell High School) (Jones and Wotton, 1983). Following the phasing
out of leaded gasoline in the late 1980s, the deposition of lead from on-road vehicle exhaust
was reduced and eventually eliminated. During the 2007/2008 soil investigation, Manitoba
Conservation (2010) noted that “the relationship between traffic flow and lead levels in sod and
soil was not as evident”. In addition, given that it was assumed that elevated lead
concentrations in soils were associated with atmospheric deposition, it was expected that
concentrations would be highest in the near surface layers. However, in locations where
samples were collected at both 2.5 and 5 cm depths, concentrations were reported as being
very similar (Manitoba Conservation, 2010).

As noted previously, it was also hypothesized that deteriorating lead paint may have contributed
to the higher concentrations of lead identified in soils and dust on the Weston Elementary
School property (Jones, 1985). Many of the soil samples with the higher lead concentrations
collected by the Province in 1983 from numerous additional schools (i.e., Lord Nelson
Elementary School, Sacre-Coeur Elementary School, Dufferin Elementary School, and Fort
Rouge Elementary School) were suspected to have contained paint chips that may have
influenced the results (Jones and Wotton, 1983).
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2.1.2 Summary of More Recent Investigations

Many of the investigations conducted in the 1970s and 1980s indicated that concentrations
were generally below the guideline of 2,600 pg/g, however, renewed concern over risks related
to lead in soils was triggered by the identification of elevated concentrations at the Barber
House property in the neighbourhood of North Point Douglas in 2006 (Pinchin, 2006). Manitoba
Conservation’s review of historical data determined that many of the sites sampled during these
older investigations exceeded the current CCME guideline of 140 ug/g for lead in residential
soils. Due to lead’s affinity to bond with organic matter in soils, it was postulated that these
elevated concentrations may still exist in those soils previously sampled (Manitoba
Conservation, 2010). As result, the Province conducted a soil sampling program in 2007 to re-
sample these locations with the objectives of determining if concentrations had significantly
changed over this period and to provide a preliminary assessment of current conditions based
on a comparison to the CCME guideline. This included the collection of samples from depths of
2.5 cm, 5 cm, and dust from hard surfaces. The results of this investigation indicated that
concentrations of lead in soil, sod, and aggregate materials were lower than those measured in
the 1980s. The overall general decrease was attributed to the phasing out of leaded gasoline
and the closure of the smelters over this period, while the most dramatic decreases were likely a
result of soil and sod replacement (Manitoba Conservation, 2010).

Despite the overall decrease in concentrations, five (5) of the six (6) playgrounds sampled in
2007 contained exceedances of the CCME guideline in sod and/or soil samples from the top 5
cm. No exceedances were identified in areas with aggregate materials, such as sand boxes
and areas below swings and play structures. Concentrations of lead had a notable decrease in
school yards from the previous sampling event in 1983, with average concentrations decreasing
from 1,125 pg/g in 1983 to 82 pg/g in 2007. The Weston Elementary School sports field
continued to have elevated levels of lead in the sod and the underlying soil. Although
concentrations of lead in sod decreased from an average of 979 ug/g in 1981 to 329 ug/g in
2007, concentrations in the top 5 cm underlying the sod increased from an average of 192 ug/g
in 1981 to 463 pg/g in 2007. Concentrations of lead in sod and soil samples collected from
residential boulevards in the neighbourhoods of Wolseley/Minto, Riverview/Lord Roberts, and
Glenelm/Chalmers were notably lower in 2007 relative to 1983, with a small number of sites
containing concentrations above the CCME guideline. However, 17 of 23 samples (74%)
collected from North Point Douglas exceeded the guideline. The elevated concentrations
observed in boulevards in North Point Douglas were likely attributed to both vehicle emissions
at major traffic arteries and airborne dust from local scrap yards. Elevated concentrations in soil
have been identified within a radius of approximately 60 m of metal scrap yards, likely the result
of airborne dust created from these properties (Manitoba Conservation, 2010).

As a follow-up to the 2007 investigation, the Province conducted a supplemental investigation in
2008 which focused on playgrounds and sports fields in areas in the vicinity of potential
historical and current point sources of lead. Overall, concentrations of lead were lower than the
CCME guideline of 140 pg/g, with only one exceedance out of 90 samples (Manitoba
Conservation, 2010).

In response to public concern, the University of Manitoba, with assistance from the South St.
Boniface Residents Association, conducted a soil investigation in fall 2017 that focused
exclusively on the neighbourhood of St. Boniface. A total of 174 soil samples were collected at
a depth of 0 to 10 cm from commercial and residential properties. This represented the greatest
sampling frequency for any of the neighbourhoods sampled to date. The results of this study
are proprietary and cannot be presented in this assessment. Overall, less than 15% of samples
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contained lead concentrations that exceeded the CCME guideline, with less than 5% containing
lead concentrations that were more than double the guideline (i.e., 280 ug/g). The average
concentration of all samples was well below the CCME guideline of 140 ug/g.

The most recent soil investigation was conducted by the Province in 2018, focusing on locations
that were previously sampled during the studies completed by the Province in 2007/2008 and
the early 1980s. This investigation was not intended to be an exhaustive study of lead in soil in
the City. The objective was to identify any changes in concentrations over time in areas that
were included in previous investigations. All samples were collected from a depth of 0 to 7.5
cm, including locations from four (4) residential boulevards (i.e., Wolseley/Minto, Riverview/Lord
Roberts, Glenelm/Chalmers, and North Point Douglas), eighteen (18) schools, and thirty-two
(32) parks and playgrounds. Exceedances of the CCME guideline were identified at the Weston
Elementary School (multiple samples), Westview Park (one sample), and North Point Douglas
(multiple samples). Each of these areas were identified as having exceedances in previous
investigations (Manitoba Sustainable Development, 2019).

2.1.3 Soil Investigations Selected for Inclusion in a Database

Following a review of the available data, the results of the two (2) most recent soil investigations
conducted by the Province, and the investigation conducted by the University of Manitoba, were
considered to provide the most applicable soil concentrations for further consideration in the
assessment of potential of health risks:

¢ Manitoba Sustainable Development. 2019. Winnipeg Soil Survey, Fall 2018.
Environmental Compliance and Enforcement Branch. January 2019.

e University of Manitoba. 2017. Soil Sampling Results from the St. Boniface Area. 2017
(unpublished).

e Manitoba Conservation. 2010. Sampling Report: Surface Soil Lead Levels in Winnipeg,
Manitoba: 2007 and 2008. Report No. 2009-03. Winnipeg, Manitoba.

The selection of these studies was based primarily on the sampling dates, which are reflective
of conditions following the phasing out of leaded gasoline and the closure of the secondary lead
smelters. In addition, these investigations were conducted with the intention of characterizing
lead content in soils at a neighbourhood level rather than site investigations intended to
delineate contaminated properties.

The results of these investigations were entered into a database and categorized based on a
number of characteristics of the sample, including the neighbourhood in which the sample was
collected (Figure 2-2), the sampling date, the sample depth, the nature of material sampled, and
a general indicator of the sample location (Table 2-1). This was done to facilitate the
identification of potential patterns in soil lead concentrations and to support the assessment of
exposure and risks in different areas of the inner City.
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Table 2-1 Primary Categories for Winnipeg Soil Sampling Database
Neighbourhood Study (sample date) ggr;t?‘le I\S/Ia;rtr:::ilgl Location
Brooklands
Centennial
Daniel Mcintyre
Dufferin
Glenelm/Chalmers
Lord Selkirk Park 25 cem Backyard
North Point Douglas ) Boulevard
River/Osborne 5cm Dust Front Yard
Riverview/Lord Roberts U of M (2017) 0-7.5cm Sand Garden
S Manitoba (2007/2008) 0-10cm Sod

argent Park itoba (2017) Sod/Soil Playground/Park
Shaughnessy Heights Manitoba ( . ! School

Hard Surface | Soil

Shaughnessy Park Sod Other
South Point Douglas
St. Boniface
Tyndal Park
West End
Weston
Wolseley/Minto
n=18 n=3 n=6 n=5 n=7
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Figure 2-2 Locations of Neighbourhoods with Soil Sampling Results
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As an initial analysis of the data, only the results of the two most recent investigations
(University of Manitoba, 2017 and Manitoba Sustainable Development, 2019) were selected and
summarized based on the neighbourhood in which the samples were collected. Table 2-2
presents the total number of samples from both investigations (University of Manitoba, 2017 and
Manitoba Sustainable Development, 2019) and identifies the maximum and average (arithmetic
mean) concentrations of the compiled data. To provide an indication of the frequency and
magnitude of the exceedances, concentrations were compared to both the current CCME
guideline (140 pg/g) for lead in residential soils (intended to be protective of human health) and
a concentration equal to two-times the guideline of 140 pg/g (280 pg/g). Based on these
results, only the neighbourhoods of North Point Douglas, Sargent Park, St. Boniface, and
Weston were identified as having potential concerns related to lead in soils, as each of these
areas had identified exceedances of the guideline in more than 10% of sampling locations, and
each had samples with concentrations of more than double the guideline.

Table 2-2 Maximum and Average Concentrations of Lead in Soil Across
Neighbourhoods (Manitoba Sustainable Development, 2019; University of
Manitoba, 2017)

Total # of Maxi # Samples More than 2
. otal #0 aximum ore than 2x
Neighbourhood Samples (Lg/0) Average (1g/g) S%bé)\(/&%il;lllz) CCME SQG
(280 pg/g)
Brooklands 5 95 49.3 0 0
Centennial 4 59.8 43.0 0 0
Daniel Mcintyre 4 136 67.1 0 0
Dufferin 2 56.6 55.0 0 0
Glenelm/Chalmers 19 1412 61.0 0 0
Lord Selkirk Park 1 97.5 - 0 0
gg:glsso'”t 26 885 195 11 (42%) 4 (15%)
River/Osborne 1 14.6 - 0 0
Riverview/Lord o5 125 50.9 0 0
Roberts
Sargent Park 5 439 139 1 (20%) 1 (20%)
Shaughnessy 2 36.3 28.1 0 0
Heights
Shaughnessy 3 75.1 52.8 0 0
Park
South Point > 1412 130 0 0
Douglas
St. Boniface 177° 1,630 88.6 23 (13%) 8 (4.5%)
Tyndal Park 4 33 18.9 0 0
West End 1 54.4 - 0 0
Weston 35 446 174 20 (57%) 4 (11%)
Wolseley/Minto 21 105 38.5 0 0
Overall 337 1,630 95.9 57 (17%) 17 (5%)
Concentrations highlighted in grey exceed the CCME guideline of 140 pg/g.
a A concentration of 141 pg/g was considered to be equal to the CCME guideline when rounded to 2
significant figures.
b Results include samples collected as part of the studies collected by the University of Manitoba

(2017) and Manitoba Sustainable Development (2019).

Given that the number of samples collected for many neighbourhoods within the 2018 Provincial
investigation was limited, this same analysis was conducted using the results of the 2007/2008
Provincial investigation combined with the University of Manitoba investigation (Table 2-3).
Table 2-3 identifies the maximum and average concentrations of the compiled data provided in
University of Manitoba (2017) and Manitoba Conservation (2010). Utilizing these results

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 35



O
intrinsik

indicates that approximately 36% of samples (15 of 42) collected from the neighbourhood of
Daniel MciIntyre exceeded the CCME guideline. No exceedances were identified in this
neighbourhood during the 2018 Provincial study. Similarly, multiple exceedances were
identified in the neighbourhoods of Dufferin, Glenelm/Chalmers, Riverview/Lord Roberts,
Sargent Park, West End, and Wolseley/Minto in 2007/2008 which were not identified in 2018.
Based on these results, a number of additional neighbourhoods were identified as having
potential concerns related to lead in soils based on the number of samples that exceeded the
guideline (Figure 2-3).

Table 2-3 Maximum and Average Concentrations of Lead in Soil by
Neighbourhoods (Manitoba Conservation, 2010; University of Manitoba,

2017)
# Samples
. # Samples
. Total # of Maximum More than 2x
Neighbourhood Samples (L9/g) Average (1g/9) Spébcg\(/164%i’\é|/z) CCME SQG
(280 pg/g)
Brooklands 7 115 43.2 0 0
Centennial 14 307 110 5 (36%) 1(7.1%)
Daniel Mcintyre 42 712 142 15 (36%) 8 (19%)
Dufferin 11 60.3 29 0 0
Glenelm/Chalmers 45 369 71.6 5 (11%) 3 (6.7%)
Lord Selkirk Park 0 - - - -
go”h Point 33 2,240 473 26 (79%) 16 (48%)
ouglas
River/Osborne 10 204 60.4 1 (10%) 0
S'c‘)’gé‘r’t'g"‘” Lord 47 310 55.9 3 (6.4%) 1(2.1%)
Sargent Park 13 368 93.8 3 (23%) 2 (15%)
Shaughnessy
Heights 1 26.2 - 0 0
Shaughnessy
Park 20 176 65.4 1 (5%) 0
South Point 3 128 53.3 0 0
Douglas
St. Boniface 197 1,630 87.8 27 (14%) 8 (4.1%)
Tyndal Park 16 125 22.2 0 0
West End 9 212 101 3 (33%) 0
Weston 81 1,130 224 36 (44%) 25 (31%)
Wolseley/Minto 48 290 74.4 6 (13%) 1(2.1%)
Overall 597 2,240 123 131 (22%) 65 (11%)
Concentrations highlighted in grey exceed the CCME guideline of 140 pg/g.
a Results include samples collected as part of the studies collected by the University of Manitoba

(2017) and Manitoba Conservation (2010).

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 36



O
intrinsik

GLENELM
4 CHALMERS
OR'I; POINT: DOUGLAS

ARGENT PARK
¢ DANIEL MCINT

: P
SIONINDUSTHRIAL Ej"v-:
WilINte ¢ |

|
@

Legend DUFRESNE HOLDEN

O Historical Secondary Smelter Lot WOLSELEY
4 Neighbourhoods of Potential Concern b=

& Neighbourhoods Sampled

2 Winnipeg International Airport

NORWOOD EAST STHOCK YARDS

ARCHWOOD:

'

Figure 2-3  Locations of Neighbourhoods with Soil Sampling Results that are Identified as Being of Potential Concern
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In addition to the number of samples collected, the two Provincial studies differed in the depths
at which the samples were collected. An analysis of lead concentrations at each sample depth
was conducted. Given that the sample depths were similar for the 2018 Provincial sampling (O-
7.5 cm) and the 2017 University of Manitoba sampling (0-10 cm), results for these depths were
combined for comparison to the shallower depths selected by the Province in 2007/2008 (0-2.5
and 0-5 cm) (Table 2-4). This analysis indicated that the highest average concentrations were
from 0-5 cm (173 pg/g) and 0-2.5 cm (134 pg/g), which were notably higher than the average
concentration from 0-10 cm (95.9 pg/g). The percentage of samples that exceeded the CCME
guideline was also higher for samples collected at 0-5 cm (34%) and 0-2.5 cm (21%) relative to
samples collected at 0-10 cm (17%).

The primary purpose of the investigation conducted by the Province was to characterize soil
lead concentrations and the change in concentrations over time rather than to support the
preparation of an HHRA. The influence of deposited lead particles on soil concentrations is
typically limited to depths of less than 5 cm due to binding of lead within the soil matrix. Surface
soils containing lead pose the greatest hazard to children, as they may contaminate hands and
be ingested through hand-to mouth activity. Surface soils may also stick to footwear, toys, pets
and contribute to household exposure levels (NZ MOH, 2012). The CCME (2016) has
recommended that when assessing direct contact pathways in HHRAs, the most relevant soil
depth tends to be less than 5 cm. This is consistent with the US EPA (2003) Superfund
program which has developed a handbook for evaluating lead contamination at residential sites.
The recommended sampling depth for use in HHRAs is 0 to 1 inch (or O to 2.54 cm) as this best
represents current exposure to contaminants.

Table 2-4 Lead Concentrations by Sample Depth Based on the Results of the
University of Manitoba (2017), Manitoba Sustainable Development (2019),

and Manitoba Conservation (2010) Soil Investigations

. # Samples # Samples
Sample Depth # Samples Maximum Average (ug/g) Above CCME More than 2x
(cm) (ng/9) SQG (140 pg/g) CCME SQG

(280 pg/g)

0-2.52 56 1,790 134 12 (21%) 5 (8.9%)
0-5 176 2,240 173 59 (34%) 36 (20%)
0-7.5 and 0-10 337 1,630 95.9 57 (17%) 17 (5.0%)
Sod 156 907 107 32 (21%) 14 (9.0%)
Hard Surface 35 307 85.6 5 (14%) 2 (5.7%)
Concentrations highlighted in grey exceed the CCME guideline of 140 ug/g.
a Results include samples labelled as Sand, Soil, and Sod/Soil.

The results of these analyses indicate that the data provided in the two most recent
investigations alone (i.e., Manitoba Sustainable Development (2019) and University of Manitoba
(2017)) may not be adequate to assess potential exposure and risks to residents throughout the
neighbourhoods of the inner city of Winnipeg. The greater number of samples and the
shallower sample depths provided in the earlier Provincial investigation (Manitoba Conservation,
2010) should also be considered as they improve the overall understanding of the distribution of
lead content in soils.
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214 Preliminary Screening-Level Assessment of Risks

Based on the assessment of historical data presented in Section 2.1.3, there are a number of
neighbourhoods which have been identified as areas of potential concern. Specifically, several
neighbourhoods were identified during the data review as having 10% or more of soil samples
with lead concentrations above the applicable CCME guideline of 140 pg/g for residential soils:

e Centennial

e Daniel Mcintyre

e Glenelm/Chalmers
¢ North Point Douglas
e River/Osborne

e Sargent Park

e St. Boniface

e West End

e Weston

¢ Wolseley/Minto

A more in-depth discussion of the potential health risks associated with the elevated lead
concentration in soils will be discussed in Task 4.

It is important to note that the identification of these neighbourhoods as being of potential
concern is based on a limited number of samples which may not accurately characterize soil
lead concentrations throughout these areas. Additionally, other neighbourhoods may also
contain lead concentrations occurring at a frequency and magnitude that represent a potential
concern which have not been identified by the available data. Section 2.1.5 further describes
the uncertainties and data gaps associated with the existing information characterizing soil lead
concentrations in Winnipeg.

2.1.5 Summary of Uncertainties and Data Gaps

Uncertainties associated with the available data describing lead content in soils throughout the
inner City are primarily related to three (3) factors: 1) the date at which the samples were
collected, 2) the sample depth, and 3) the sampling frequency. The investigations conducted by
the Province involved sampling on public properties, whereas the University of Manitoba
focused primarily on residential properties. Samples collected as part of the studies conducted
by the Province in 2018 and the University in 2017 involved the collection of composite samples
consisting of 10 individual cores. The 2007/2008 Provincial study utilized a combination of
composite samples consisting of 3 to 20 cores, and discrete samples for hard surfaces.

Three (3) samples were collected from the neighbourhood of St. Boniface as part of the 2018
Provincial investigation. Each of these samples contained concentrations of lead (18, 19.3, and
64 pg/g) that were below the CCME guideline (140 pg/g), with an average of 33.8 pg/g. These
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results would not have identified a potential concern in this neighbourhood. Results of the
University of Manitoba study in which 174 samples were collected from St. Boniface indicated
that 13% of samples (23 of 174 samples) contained concentrations that exceeded 140 ug/g.
Samples collected by Manitoba Conservation in 2007/2008 in which 23 samples were collected
from sod, soil, sand, or hard surfaces in St. Boniface identified four (4) soil or sod samples with
concentrations that exceeded 140 pg/g, with an overall average of 74.8 pug/g. This
demonstrates the variability in results across studies. As there is a low sampling frequency in
the discussed studies, greater sampling frequency may have provided additional clarification in
understanding which neighbourhoods are of potential concern due to soil lead concentrations.

Given that emissions from vehicles has been identified as a dominant source of lead in sails,
there is the potential that numerous additional neighbourhoods throughout the city that have not
been sampled may have experienced a similar level of deposition due to proximity to roadways
and also contain soil lead concentrations in excess of the CCME guideline. There may also be
areas of neighbourhoods that have been included in the investigations that contain higher
concentrations than the neighbourhood as a whole. Notable efforts were taken to remove
impacted soils and debris from the Weston Elementary School on a number of occasions due to
the high lead concentrations. In addition, impacted soils from numerous residences and
boulevards were removed in the Weston neighbourhood in the early 1980s (Jones and Wotton,
1982; 1983a). The selection of areas for remediation was based on the identification of soils
with concentrations of lead in excess of 2,600 ug/g which was the action criterion in effect at the
time. Therefore, concentrations of lead on public and residential properties may still be
significantly elevated relative to the current CCME guideline.

Soil samples were collected at depths of 0 to 10 cm during the 2017 St. Boniface investigation,
and from 0 to 7.5 cm during the 2018 Provincial Investigation. This differed from the 1980
Provincial study in which samples were collected from the top 2 cm of soil for surface samples
and from a depth of 2 to 4 cm for subsurface samples (Krawchuk, 1980). It was also
inconsistent with the 2007/2008 Provincial investigation where samples were collected at depths
of 0-2.5 cm and 0-5 cm (Manitoba Conservation, 2010). This creates uncertainty when
comparing results across the investigations to identify trends in concentrations over time. Given
that the 2017 and 2018 samples were collected at greater depths than in previous studies, the
noted decreasing trend in concentrations may have been influenced by a diluting effect by
including soils found at depths that may have not been exposed to atmospheric deposition.
Given the limited leaching potential of lead, soils found at depths of 7.5 to 10 cm may have
resulted in lower average concentrations across the sampling profile relative to samples that
were limited to the near surface. In addition, the general population may not encounter soils
found at these depths on a frequent and prolonged basis. Therefore, the results of the 2017
and 2018 soil investigations may not accurately represent concentrations of lead that receptors
are exposed to during typical daily activities.

As noted by Manitoba Conservation (2010), although many of the sources of lead emissions are
no longer present, the affinity for lead to bind to organic matter in soil will allow lead to persist in
surface layers. As a result, the elevated concentrations of lead that were identified in earlier soil
investigations are likely to continue to be present in soils that have not be removed or amended
since the early 1990s.
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2.2 Detailed Review of Available Reports and Data

The following sections provide a more detailed review of individual studies that were conducted
within the City of Winnipeg to address concerns related to lead content and exposure. These
reports are generally presented in chronological order.

221 Occupational Medical Services. 1976. Lead in Blood of Two Elementary
School Children in Winnipeg, 1976.

In 1975, elevated BLLs were identified in workers at a Winnipeg foundry that resulted in some
individuals requiring medical intervention. This led to concerns over the health of residents in
the surrounding neighbourhood that may have exposure to lead from atmospheric releases from
this facility, from particulates brought home on clothes from foundry workers, and from exhaust
emissions from heavy vehicular traffic running through the neighbourhood. To assess potential
exposure to lead, the Occupational Health Services of the Manitoba Department of Health and
Social Development conducted a study in 1976 which involved the collection of blood samples
from students from the Weston Elementary School. A second school, Lord Nelson School, was
identified as a suitable control group given that it was located in a neighbourhood without a point
source of lead emissions but was located on a road with a similar level of heavy vehicular traffic
as the Weston school.

Methodology

Blood samples were collected from 295 students at Weston Elementary School and from 421
students from Lord Nelson School. Permission to conduct the study was obtained from the No.
1 School Division and consent was granted by the parents of the students. Samples were
collected from students at Weston School on April 15" and 19", and from students at Lord
Nelson on May 3"- 5" 1976. Repeat blood samples were collected from twenty-nine (29)
students at Weston School on June 10" and from twenty (20) students from Lord Nelson on
June 11™ for those who showed higher levels or unusual results which may have been
attributed to accidental specimen contamination during the initial testing.

Three (3) tests were performed on the blood samples. Blood lead analysis was performed on
all samples collected, while approximately % of all samples were also analyzed for erythrocytic
delta-aminolevulinic acid dehydratase (ALAD) and free erythrocyte porphyrin (FEP).

Results

The reported mean (assumed to be arithmetic mean) BLLs for students from Weston and Lord
Nelson Elementary Schools were 24.1 and 19.6 pg/dL, respectively. A summary of the results
is provided in Table 2-5.
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Table 2-5 Blood Analysis Results for Students from Weston and Lord Nelson

Elementary Schools (1976)

Blood Lead (pg/dL) ALAD (units) FEP (ug/dL RBC)

Location X | so. | X% | X(n) | sp. | Xx2sD | X(n) | SD. | X£2SD
Lord Nelson 19.6 (421) | 8.1 0-35.8 (133) 185 | 419-1159 | 5.7(70) | 2.2 | 1.3-10.1
Weston 241(295) | 75 | 0-39.1 (78215) 237 | 251-1199 | 7.7 (52) | 2.6 | 2.5-12.9
Normal 0- 40 - - 300- 1020 - - 1.0- 10.0
(literature)
X Assumed to represent the arithmetic mean.
n Represents the number of samples.

Limitations and Uncertainties

Limited information was provided within the report to describe the study methodologies (e.qg.,
venous or capillary blood sampling), the characteristics of the sampled population (e.g., ages of
the students), or the interpretation of the results. It is unclear if the BLL results were identified
as being elevated or within a normal range relative to the general population. There is no
indication that a survey or questionnaire was conducted for participating students to identify any
additional potential sources of lead exposure that may differ from the general population. Due
to the age of these results, they are not reflective of current lead exposure opportunities given
that lead content in fuel, paint, plumbing, and consumer products have been considerably
reduced since the completion of this study. The contribution of these sources to total exposure
relative to lead content in soil, dust, and air cannot be distinguished.

2.2.2 Wotton, D.L. 1979. A Survey of Lead Accumulation in Tree Foliage and
Surface Soil of the Winnipeg Area. Manitoba Department of Mines, Natural
Resources and Environment. Environmental Research and Development
Branch. Report 79-4.

In response to concern over the identification of elevated BLLs in school children living in high
traffic areas in Winnipeg, a study was conducted in 1979 by the Air Pollution Control Branch of
the Environmental Management Division along with the Environmental Research and
Development Branch. A survey of urban tree foliage and surface soil was conducted in areas
within Winnipeg with varying traffic patterns, in areas adjacent to lead smelters, and in the
immediate area of Lord Nelson and Weston Elementary Schools.

Methodology

The survey focused on two principal sources of lead emissions: non-industrial and industrial.
Five (5) areas were surveyed in consideration of the non-industrial sources including a National
Air Pollution Surveillance (NAPS) station at Scotia Street and Jefferson Avenue (low traffic
volume); a NAPS station at Portage Avenue (high traffic volume); Weston Park, Logan Avenue
at Lock Street (medium traffic volume), and two schools (Lord Nelson and Weston Elementary
Schools). In consideration of industrial emission sources, areas adjacent to three (3) major
secondary lead smelting facilities were surveyed (i.e., Canadian Bronze at 15 Bury Street,
Canada Metal at 1221 St. James Street, and Northwest Smelting and Refining at 2185 Logan
Avenue). Tree foliage was selected for analysis of lead content from natural or well-established
street plantings at each sampling location. Samples were collected in early July and in late
August. Selected trees were identified, and a random composite sample was taken from the
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crown. At each sampling site, a composite surface soil sample, in close proximity to the tree
selected for foliage sampling, was collected by combining five (5) soil cores (to a depth of 3 cm).

Results

Notable variability in lead absorption and accumulation between tree species was noted. The
results indicated that lead accumulation due to urban traffic resulted in concentrations ranging
from 17.6 to 43.4 pg/g in foliage, and 132.5 to 1,085 ug/g in surface soils for areas of low and
high traffic, respectively. Lead concentrations at both schools were noted to be high and a
gradient of decreasing concentration was found as distance increased from major emission
sources. Lead concentrations in proximity to secondary lead smelters were frequently 10-fold
greater than concentrations found to accumulate from normal vehicle emissions. Soil
concentrations at the industrial sites exceeded the applicable guideline of the time (i.e., 2,600
Hg/g) in several instances. The report noted that substantial lead accumulation had occurred in
foliage at these sites and that it was anticipated that the same degree of accumulation could
occur in plant tissues and soils found in vegetable gardens.

Limitations and Uncertainties

The report noted that the survey included multiple species for foliage sampling which was
dependent on the species availability on each of the sites. Variances were identified between
species which may have affected the interpretation of results between sites.

2.2.3 Krawchuk, B.P. 1980. Thesis: A Survey of Soil Lead Levels in the City of
Winnipeg. Submitted to the Faulty of Graduate Studies in Partial Fulfilment
of the Requirements for the Degree of Master of Science. Department of
Chemistry, University of Winnipeg. August 1980.

The study was undertaken to characterize lead contamination in the City of Winnipeg, to identify
the potential sources of contamination, and to determine if there is a pattern of distribution
associated with the lead pollution. Sites selected for sampling included residential and industrial
areas with both high and low traffic arteries. An initial survey and a monitoring survey were
conducted in 1978 and 1979, respectively. A snow survey was also conducted.

Methodology

The initial survey was conducted in September 1978 during which one hundred and sixteen
(116) locations were sampled from one hundred and seven (107) different sites within the city.
Two hundred and twenty-four (224) samples of surface and subsurface soil and vegetation were
collected. At one hundred and sixteen (116) locations, surface soil samples were collected from
a depth of 0 to 2 cm, and at ninety-four (94) locations, subsurface samples were collected from
a depth of 2to 4 cm. A sample of 5 to 10 g of vegetation was collected at nineteen (19) sites.

From the initial survey, seventy-five (75) sites were selected for the monitoring survey. Surface
soil from the top 1 to 2 cm was collected. Two (2) snow surveys were conducted in February
1979. The first sampled thirty-five (35) sites by Red River on the east and Portage Avenue on
the north, and the second survey was carried out in the Weston area with thirty (30) sites
sampled. Fresh snow was gathered by major arteries from the top 1 to 2 cm by a scoop-and-
pack method.
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Results

The average lead concentration for all sites was 750 pg/g + 1,300 pg/g, ranging between 30
Mg/g and 12,960 pg/g. The maximum concentration (12,960 ug/g) was detected at a secondary
lead smelter site. The report indicated that the removal of this maximum concentration resulted
in an average of 640 pg/g + 520, and a range between 30 pg/g and 2,920 pg/g. The subsurface
soil sample concentrations ranged from 0 to 2,220 ug/g, with an average of 410 + 450 ug/g.
The concentrations in vegetation ranged from 0 to 470 pg/g, with an average of 120 + 139 pg/g.

The sample sites near the secondary lead smelters (denoted in the report as #51, #52 and #60)
were observed to have higher lead levels relative to other sites. Specifically, site #51 at
Wellington Avenue by Canada Metals had a concentration of 2,920 ug/g in surface soil, site #52
at Wellington Avenue by Canada Metals had a concentration of 12,960 ug/g in surface soil, and
site #60 at Ryan Road east of North West Smelting had a concentration of 1,520 pg/g in surface
soil. The report notes that a background concentration for lead in soil for the area is 30 ug/g
based on site #1 which is an undeveloped area in a natural clearing located over 300 m from
the nearest roads.

From the monitoring survey, a seasonal variation was noted where soil lead concentrations
increased in the fall, reduced in the spring, and increased in the summer. This was
hypothesized to be due to the leaching of the soil lead by salt during spring thaw. The averages
in fall, spring, summer and fall again were noted to be 680 + 570 ug/g, 410 £ 600 pg/g, 560 £
530 ug/g, and 850 = 750 pg/g. The report found that the 15 sites sampled in the Weston area
had an average soil lead concentration of 725 + 745 pg/g with a range of 90 to 2,820 pg/g. The
results from the monitoring survey indicated that the pollution control devices in the three
smelter plants were not removing all of the lead from the air or were not working at all in some
cases.

The report also presents data for tin and antimony. Tin and antimony were selected for analysis
from the x-ray fluorescence data to investigate correlations between lead and other metals
present in the soil sample. No correlations between tin or antimony and lead levels were
observed.

Further soil testing and a more comprehensive blood-lead study was recommended by the
report.

224 Wotton, D.L. and F.E. Doern. 1983. Lead Particulate Analysis in Air and Soil
of the City of Winnipeg 1982. Manitoba Environmental Management
Division, Environmental Services Branch, Terrestrial Standards and
Studies. Report 83-3. April 1983.

The study was completed by the Environmental Management Division of the Manitoba
Department of Environment and Workplace Safety and Health in partnership with Atomic
Energy of Canada Ltd. (AECL) and the Canadian Bronze Company. The objective of the study
was to develop a better understanding of the forms of lead occurring on particles originating
from different sources throughout the city. The study was noted as being partially funded by the
Canadian Bronze company. The study was completed as follow-up to remedial activities
completed in 1981 and 1982.
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Methodology

The method was developed by AECL using scanning electron microscopy (SEM)/energy
dispersive x-ray spectrometry to fingerprint lead emissions by source. Twenty (20) samples
were collected from eighteen (18) locations throughout Winnipeg including the three (3)
secondary lead smelters with emphasis on the Weston area, NAPS sites, Weston Elementary
School, and three other schools in north-central Winnipeg (Lord Nelson School, Dufferin School,
Tyndall Park School). Follow-up surveys of soil were taken at Weston Elementary School in the
north yard adjacent to Logan Avenue where remediation was conducted.

Results

The highest rates of lead accumulation were observed to be alongside major traffic arteries,
notably near Lord Nelson School, Dufferin School, and Weston School. The study indicates that
SEM/energy dispersive x-ray spectrometry is a useful technique to fingerprint lead smelter
emissions.

The study concludes that the major source of lead was motor vehicle exhaust rather than
smelter emissions. The report states that “Secondary smelters may be significant contributors
to very localized high lead concentrations, and although elevated concentrations of lead were
found in the Weston school yard, one year after clean-up, the major source is believed to be the
exhaust of motor vehicle traffic”.

Initial microanalysis identified a close association between lead and zinc in samples from the
Canadian Bronze smelter stack. Lead and zinc were found at elevated concentrations and in
close association in soils at sites closest to the Canadian Bronze facility. Lead and zinc were
not found in association with soil samples at other schools or smelters in north-central
Winnipeg.

The report suggested that other schools in Winnipeg may also have high lead levels due to their
close proximity to major traffic arteries. The report also notes that very localized, high soil lead
concentrations, for example at 2126 Logan near Smelter B and 1476 Wellington near Smelter
C, suggest that the smelters may be significant contributors.

2.25 Kucera, E. 1983. Lead Distribution in Winnipeg as Reflected by City Area
Dogs. Manitoba Department of Environment and Workplace Safety and
Health, Environmental Management Division, Terrestrial Standards and
Studies Section. Report 83-10.

As a follow-up to elevated BLLs being identified in children and secondary smelter workers, a
study of lead in the blood of dogs was conducted in Winnipeg in 1981. Normal and toxic
concentrations of lead in the blood of children and dogs were considered to be similar,
therefore, dogs were used as biomonitors of lead exposure.

Methodology

Blood samples of dogs from participating veterinary clinics from across Winnipeg were collected
in August 1981. The age and breed of the dog, along with its residential address to the nearest
block, was recorded. Four hundred and eighty (480) blood samples were analyzed for lead.
The report noted that the individual upper limit of 35 pg lead/100 mL (equal to 35 pg/dL) blood is
the same for dogs and children.
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Results

The BLLs ranged between 0.04 and 28.35 pg/dL. The second highest concentration was 15.45
po/dL. It was determined that 95% of dogs sampled had BLLs less than 8 pug/dL which was
considered to be within the normal range. Air lead concentrations ranged between 0.18 and
0.38 pug/m3.

The results showed that dogs from areas with heavy traffic were found to have the highest
BLLs, with blood lead proportionally increasing per km to traffic areas. The findings indicated
that although traffic significantly contributed to lead exposure, BLLs found in dogs did not
exceed recommended medical limits.

Limitations and Uncertainties

A correlation between air lead concentrations at air monitoring stations and BLLs of dogs
nearby was not identified. The sample size was not considered to be large enough for a proper
comparison given the variability. The report also notes that it is possible that dogs “sample” a
different component of the lead emissions then the air monitors.

The study noted that a disadvantage of using dogs was that some areas may not be adequately
covered since this study depends on the dog population in a given neighbourhood. Additionally,
a large sample size would be required to obtain credible results.

2.2.6 Jones, D.C. and D.L. Wotton. 1983a. Lead Program Report. Boulevard
Sod/Soil Removal and Replacement in the Weston Area of Winnipeg. 1983.
Manitoba Department of Environment and Workplace Safety and Health,
Environmental Management Division, Terrestrial Standards and Studies
Section. Report 83-16.

In 1981, an intensive soil survey was conducted in the vicinity of the Canadian Bronze smelter
located at 15 Bury Street to identify levels of lead in soil. The 1981 survey identified
exceedances of the applicable guidelines of the time (2,600 pg/g) on thirty-one (31) private
properties, on the picnic site of the smelter facility, and on twenty-seven (27) 15-meter sections
of boulevard in the Weston area. As such, the Environmental Management Division
recommended the removal and replacement of soil and sod from these impacted sites. The
removal and replacement took place in June 1982 at twenty-six (26) residential properties and
at the Canadian Bronze picnic site. Work on the impacted boulevard began on June 23, 1983
by Lach Brothers Landscaping Limited of Winnipeg.

Methodology

Sections of impacted land in the Weston neighbourhood included boulevard lands along Bury
Street, Quelch Street, Vine Street, Irysh Avenue, Catherine Avenue, Whyte Avenue, Gallagher
Avenue, and Logan Avenue.

The acceptable background level for lead in soil was selected to not exceed 200 ug/g of lead for
both sod and soil. To ensure that the replacement material was less than 200 pug/g, six (6)
samples were taken from designated piles and submitted for analysis. As indicated in the
remediation program, the soil and sod had to be removed to a minimum depth of 15 cm at the
boulevard sites.
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Results

Concentrations of lead in samples analyzed from the replacement material were all below 50
Mo/g. Lead concentrations pre-and post- remediation were reported. The highest initial
concentration pre-remediation was 6,800 ug/g in a sample located along Irysh Avenue, with the
majority of the samples over 3,000 pg/g. Following replacement, concentrations were reduced
to 150 ug/g or less.

2.2.7 Jones, D.C. and D.L. Wotton. 1983b. A Survey of Lead in Soil from Seven
Schools and Three Residential Areas of Winnipeg. 1983. Manitoba
Department of Environment and Workplace Safety and Health,
Environmental Management Division, Terrestrial Standards and Studies.
Report 83-15.

As a follow up to the report “Wotton, D.L. and F.E. Doern. 1983. Lead Particulate Analysis in Air
and Soil of the City of Winnipeg 1982", a second clean-up was carried out in the north yard of
the Weston school on June 4™, 1983. Additionally, lead was measured in soil and particulate
debris from paved playgrounds at seven (7) additional Winnipeg schools, and in sod and soil
within three (3) Winnipeg residential areas.

Methodology
The following seven (7) schools were included in the survey:
e Lord Nelson Elementary School
o Dufferin Elementary School
e Sacre-Coeur Elementary School No. 2
e Gordon Bell High School
¢ Fort Rouge Elementary School
¢ Archwood Elementary School
e Norberry Secondary School

A sixteen (16)-site sampling network was employed for each school, and sampling was
conducted during the first week of August. Samples of soil, dust, or particulate debris were
collected using a plastic spoon and whisk.

The residential areas included in the survey were EImwood, Riverview, and Wolseley.
Sampling was conducted in July and late August. A series of ten (10) sample cores were taken
at each collection site. Each series of ten (10) cores of both sod and soil were bulked
separately. The soil cores were collected to a depth of 5 cm using a 2 cm diameter Oakfield
corer. Sod and soil samples were collected at the Riverview to Osborne Street area (n=30), the
ElImwood to Henderson Highway area (n=29), and at the Wolseley to Portage Avenue area
(n=26).
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Results
Schools

Samples with elevated soil lead concentrations were hypothesized to be impacted by paint
chips or traffic emissions due to sampling locations. Soil lead concentrations at each school
ranged as follows:

e Lord Nelson Elementary School: 205 to 2,400 ug/g.
e Dufferin Elementary School: 555 to 1,200 pg/g.
e Sacre-Coeur Elementary School No. 2: 125 to 1,100 ug/g.
e Gordon Bell High School: 45 to 1,900 pg/g.
e Fort Rouge Elementary School: 630 to 1,850 ug/g.
e Archwood Elementary School: 70 to 670 pg/g.
¢ Norberry Secondary School: 80 to 910 ug/g.
Residential
Soil lead concentrations in residential areas ranged as follows:
¢ Riverview-Osborne Street area: 36 to 1,044 ug/g.
¢ Elmwood to Henderson Highway area: 10 to 1,600 ug/g.

o Wolseley to Portage Avenue area: 30 to 1,400 ug/g.

2.2.8 Jones, D.C. and D.L. Wotton. 1982. Lead Program Report, Soil Sod Removal
and Replacement in the Weston Area of Winnipeg, 1982. Terrestrial
Standards and Studies, Environmental Services Branch, Environmental
Management Division. Report 82-3.

In 1981, an intensive soil and sod survey was conducted in the vicinity of the Canadian Bronze
smelter in the residential area of Weston. The 1981 survey identified exceedances of the
applicable guidelines of the time (2,600 pg/g) on thirty-one (31) private properties, on 450 m of
boulevard, and on the picnic site of the smelter facility. As such, the Environmental
Management Division recommended the removal and replacement of soil and sod from these
impacted sites. A contract was awarded to McEwen Brothers Landscaping Co. and the
residential removal/replacement program started on June 21 and was completed June 20, 1982.
The Canadian Bronze picnic site was independently contracted to McEwen brothers and the
removal/replacement on this site was completed on July 22, 1982.

Methodology

Of the thirty-one (31) residences, five (5) declined to participate in the replacement program.
Following the replacement of impacted materials, a series of ten (10) sampling cores from each
designated yard location was collected. Each set of ten (10) cores were collected to a depth of
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5 cm. The acceptable background level for lead in soil was selected as to not exceed 200 ug/g
of lead for both sod and soil.

Results

The report concluded that lead in soils from the Weston area are associated with historical
accumulation from smelter emissions, vehicular exhaust, and/or leaded paint.

2.2.9 Jones, D.C. 1985. A Synopsis of the Lead Program at Weston Elementary
School in the City of Winnipeg. Terrestrial Standards and Studies,
Environmental Management Division, Manitoba Environment and
Workplace Health and Safety. Report 85-3.

The report provides background information on the history of lead issues at Weston Elementary
School and an overview of cleanup work completed in 1981 and 1983. The synopsis report
referenced a number of historical reports (Jones and Wotton, 1983a,b; Wotton, 1979; Wotton,
1980; Bezak, 1979; Wotton 1981a; Wotton, 1981b; Wotton, 1981c; Wotton and Bezak, 1980;
Wotton and Doern, 1983). In addition, a description of the monitoring/investigation conducted
by the Environmental Management Division was provided. Remediation was noted to consist of
dry vacuuming and soil loosening.

Summary

Elevated BLLs were found in children at the Weston and Lord Nelson Elementary Schools in
1976 and 1979. Elevated BLLs in workers was noted but no further details were provided.
Emissions from the Canadian Bronze facility located in close proximity to Weston school was
initially suspected as being the source, as well as two other secondary smelters in the area.
However, soil and vegetation studies completed in the 1980s, along with vegetation/foliage
data, was noted as being suggestive of traffic thoroughfares being associated with elevated
concentrations in soils In Winnipeg.

Two (2) 1981 studies were conducted to evaluate the extent of lead contamination in the area
surrounding the Canadian Bronze facility. In the soil survey conducted in April 1981, sixty-eight
(68) residences, 1,400 m of boulevards, and the playgrounds of Weston Elementary School
were identified as areas needing for further study. The soil survey conducted in July 1981
recommended that particulate debris with lead levels greater than 2,600 pg/g be removed from
the paved play area on the north side of Weston school. Remediation occurred between 1981
and 1983. The initial investigation in 1981 indicated that the paved play area at Weston School
had an average concentration of 4,850 ug/g, and remediation was carried out in the affected
area. Following the initial remediation, it was indicated that lead levels were above the guideline
of 2,600 ug/g in newly accumulated migrant dust, resulting in the completion of a second
remediation at the Weston School.

A joint initiative by the Canadian Bronze Company and the Atomic Energy of Canada at Pinawa
investigated lead particulate ‘fingerprints’ for impacted sites in Winnipeg. The report “Lead
Particulate Analysis in Air and Soil of the City of Winnipeg” suggested that traffic emissions
along Logan Ave was the primary contributor to lead concentrations at the Weston school.
Paint chips containing lead were also hypothesized as a possible source of contamination.

Air data that was collected from a sampler on the roof of Weston school in 1984 was found to be
within the Manitoba Air Quality Guideline of 5 pg/m? for lead at the time. Air concentrations

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 49



O
intrinsik

indicated that the 24-hour mean ranged between 0.59 pg/m? and 1.13 pug/m? over a seven (7)
month period.

In 1984, remedial action was taken at the Weston school by removing lead paint on outdoor
walls and by the replacement of soil and sod. A commitment to additional monitoring of lead-in-
air and sod and soil was made for the Weston school. To study the relationship between
exhaust emission and lead levels in soils, further investigation was recommended.

2.2.10 Jones, D.C. 1986bh. A survey of lead-in soil concentrations from seven rural
communities in Manitoba, 1984. Department of Environment and Workplace
Safety and Health, Environmental Management Division, Terrestrial
Standards and Studies Section. Report No. 86-2.

As a follow up to the report “Wotton, D.L. and F.E. Doern. 1983. Lead Particulate Analysis in Air
and Soil of the City of Winnipeg 1982”, the Province initiated a plan to expand monitoring in
rural communities of Manitoba. Initially, Thompson and Flin Flon-Channing were surveyed. In
1984, seven (7) additional rural centres were evaluated for lead in soil. The communities
included in the study were Selkirk, Steinbach, Portage la Prairie, Brandon, Dauphin, Swan
River, and The Pas. The report presents the results for the seven (7) communities evaluated in
1984.

Methodology

A series of ten (10) sample cores were taken at each site to a depth of 5 cm. Each series of ten
(10) cores for both sod and soil were bulked and stored separately. The sample sites were
located adjacent to, and at varying distances from, major traffic thoroughfares.

Results
Concentrations of lead in sod and soil ranged as follows:
e Selkirk: 31 to 568 ug/g.
e Steinbach: 31 to 338 ug/g.
e Portage la Prairie: 57 to 428 ug/g.
e Brandon: 10 to 910 ug/g.
e Dauphin: 53 to 504 pg/g.
¢ Swan River: 15 to 226 ug/g.
e The Pas: 21 to 357 pg/g.

The results indicated that there was no consistent relationship between proximity to roadways
and lead soil concentrations. This was hypothesized to be due to different traffic patterns in
smaller communities. It was noted that there was a slight trend of increased lead
concentrations at sites adjacent to major traffic thoroughfares.

The report concluded that measured soil lead concentrations were within the range of
background concentrations for other Manitoba communities, and were less than 2,600 pg/g (the
guideline of the time).
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2.2.11 Jones, D.C. 1986a. Manitoba Environmental Management Services Branch,
Department of Environment and Workplace Safety and Health. A Survey of
Lead-In-Soil Concentrations at Seven Tot Lots in the City of Winnipeg.
Report 86-3.

In 1984, sod and soil samples were collected by the Environmental Management Division
(Terrestrial Standards and Studies Section) of the Manitoba Department of Environment and
Workplace Safety and Health from seven (7) tot lots that were adjacent to major traffic roads.

Methodology

Seven (7) Winnipeg tot lots were selected for sampling. These included the following:
e Central Park - (Cumberland Ave. at Edmonton St.)
e Home Playground - (Sargent Ave. at Horne St.)
o Notre Dame Park - (Notre Dame Ave. at McGee St.)
e Maryland Tot Lot - (Maryland St. at Wellington Ave.)
e Spence Tot Lot - (Cumberland Ave. at Spence St.)
e Archibald Tot Lot - (Archibald Ave. at Provencher Blvd.)
e Hespeler Park - (Hespeler Ave. at Glenwood Cr.)

In sodded areas, a 2 cm soil corer was used to collect the sod and the upper 5 cm of soil. A
series of ten (10) sample cores were taken at each collection site. Each series of ten (10) cores
for the sod and soil were bulked separately. For areas where the cover was sand, gravel, or
exposed organic soil, a scoop was used to collect a composite sample.

Results

Results indicated that lead concentrations in sod and soil samples were below the acceptable
limit of 2,600 ug/g of the time. Concentrations of lead ranged between 15 pg/g and 740 pg/g. It
was noted that the tot lots immediately adjacent to high traffic volume thoroughfares were found
to have the highest lead concentrations.

Concentrations of lead in sod and soil ranged as follows:
e Central Park: 50 to 680 ug/g.
e Home Playground: 30 to 320 pg/g.
¢ Notre Dame Park: 30 to 165 ug/g.
e Maryland Tot Lot: 30 to 345 ug/g.
e Spence Tot Lot: 40 to 680 pg/g.
e Archibald Tot Lot: 30 to 395 ug/g.

e Hespeler Park: 15 to 330 pg/g.
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The report notes that the soil lead concentrations were consistently lower in the sand box, slide,
and swing play areas where sand and gravel were present. Concentrations of lead in sod were
consistently higher than in sand.

2.2.12 Manitoba Conservation. 2010. Sampling Report: Surface Soil Lead Levels in
Winnipeg, Manitoba: 2007 and 2008. Manitoba Conservation Report No.
2009-03, Winnipeg, MB.

In 2006, Pinchin Environmental conducted a site investigation at the Barber House property in
North Point Douglas which identified concentrations of lead in soil that exceeded the CCME
guideline. Samples collected from the northern portion of the property were comprised of fill
material. Therefore, it is unknown if lead concentrations in these samples may have been
influenced by materials brought on site. This prompted Manitoba Conservation to review
historical data on lead concentrations in the inner city of Winnipeg which indicated that a large
number of sampling sites contained concentrations of lead that exceeded the CCME guideline.

In 2007, the Habitat Management and Ecosystem Monitoring Section of Manitoba Conservation
sampled sites from schoolyards, playgrounds, and boulevards in residential areas that were
previously sampled during the 1980s to determine if lead concentrations in soil had changed
over time. The report notes that the previous studies of Winnipeg soils identified lead soil
exceedances as concentrations above 2,600 pg/g, the criterion in effect at the time of the
previous investigations. Soil removal and replacement had occurred at several locations since
the previous soil survey. This report also refers to an unpublished study conducted by Manitoba
Environment in 1988 in which elevated concentrations of lead were identified in the Point
Douglas area near major roadways as well as two metal scrap yards on Sutherland Avenue.
There is also reference to a 1997 study in which concentrations above the guideline were
identified in soil samples collected from community garden plots in the inner city.

Following the completion of the 2007 sampling and the analysis of the results, an additional
survey was conducted in 2008 which focused on the collection of soil, sand, pea gravel, and
other surface materials from City playgrounds and sports fields in the vicinity of potential current
and historical point sources of lead. The CCME human health guideline of 140 ug/g was the
applicable criterion used in the study.

Methodology

The 2007 study collected samples from six (6) playgrounds (i.e., Archibald Tot Lot, Hespeler
Park, Home Playground, Jacob Penner Park (formerly Notre Dame Park), Maryland Tot Lot, and
Spence Tot Lot), seven (7) school yards, and boulevards in four (4) residential areas. The
report indicates that a representative sub-sample of the sites from the 1980s surveys were
selected for re-sampling in 2007.

For grassed areas from playground sites, separate samples were collected for the sod and the
top 5 cm of the underlying soil. Two (2) to three (3) cores of sod and two (2) cores of soil, sand
or aggregate material were sampled as composites. A composite sample of the top 2.5 cm of
surface soil was also collected for five (5) of the playgrounds, where each composite sample
consisted of a total of twenty (20) soil cores along an “X” pattern. For the school yard sites, a
small whisk brush was used to collect loose soil, dust, and other particulate matter from paved,
concrete, or graveled areas. In addition, twenty (20) cores of the top 2.5 cm of surface material
were collected. Separate samples of sod and the top 5 cm of underlying soil at the Weston
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Elementary School sports field were collected from twenty-one (21) sample sites. The sampling
method from the1981 sampling survey was used in the 2007 sampling survey.

In the Wolseley/Minto, Riverview/Lord Roberts, and Glenelm/Chalmers residential areas,
separate sod and soil samples were collected. In North Point Douglas, the top 5 cm of surface
material was collected. In addition, the top 2.5 cm of surface material were collected at selected
sites in North Point Douglas to compare results from different sampling depths.

A second sampling survey was conducted in 2008 which focused on surface soil, sand, pea
gravel, and other surface aggregate material from City of Winnipeg playgrounds and sports
fields. The report indicates that the 2008 sampling locations were associated with identified
point sources of lead including three (3) secondary lead smelters which previously operated in
the west end of the city, several scrap recycling yards and metal manufacturing operations, and
rail yards and other heavily impacted industrial lands in the inner city. Soil samples were
collected from within a 1500 m radius of each smelter, and a 200 m radius of each metal
scrap/recycling yard. A smelter (Canadian Bronze Co. Ltd) that was located on Bury Street
north of Logan Avenue closed in the 1990s and the property was remediated in 1999-2000.
Two (2) other secondary lead smelters that operated in Winnipeg include the Canada Metal Co.
smelter, which was located at St. James Street and Wellington Avenue in the St. James
Industrial Park area, and the Northwest Smelting Co. smelter, which was located at the west
end of Logan Avenue. The Canada Metal Co. smelter ceased operations in 2002 and the area
was remediated in 2004. The Northwest Smelting Co. smelter also ceased operations in early
2000s.

The 2008 sampling locations included eighteen (18) playgrounds, thirteen (13) baseball
diamonds, twelve (12) soccer pitches, and two (2) football fields. In addition, three (3) surface
soil samples were collected from Westview Park. The sampling methods for the 2008 survey
consisted of collecting separate surface soil, sand, and pea gravel samples. The top 2.5 cm of
the soil profile were taken from grassed areas in playgrounds. Each sample consisted of a
composite of twenty (20) cores which were collected in an “X” pattern. Sand and pea gravel
were collected to a depth of 5 cm and three (3) cores were collected per sample. For the
baseball diamonds, the infield and outfield areas were sampled separately. The infield areas
were sampled to a depth of 2.5 cm and cores were extracted in a “+” pattern, and the outfields
were sampled to a depth of 2.5 cm along two (2) parallel lines. Soccer pitches and football
fields were sampled to a depth of 2.5 cm along two (2) transects forming an “X” pattern. Twenty
(20) soil cores were collected per sample from each baseball diamond, and sports field.

Results

The report concludes that the 2007 and 2008 results, coupled with data collected in 1980s,
show that contamination of lead associated with point sources of lead, such as smelters and
metal scrap yards, are generally localized, while contamination along major roadways
associated with vehicle emissions during the use of leaded gasoline extends to a broader
number of areas.

Most of the sod, soil, and aggregate samples collected in 2007/2008 had lower lead
concentrations than samples collected during the 1980s. The 2007 sampling survey identified a
number of exceedances of the CCME guideline at the Weston Elementary School sports field,
grass-covered areas in a number of playgrounds, and from residential boulevards, including the
boulevard along Sutherland Avenue in North Point Douglas. Overall, lead concentrations in
playgrounds and sports fields in the vicinity of point sources of emissions in the inner city were
below the CCME guideline.
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Table 2-6 summarizes the results from the 2007 sampling survey.

Table 2-6 Lead in Soil Survey Results Summary (2007) (Manitoba Conservation,

2010)
No. of Sample Locations with | Lead in soil (ug/g)
No. of Exceedances of the CCME
Area Sample Residential Guideline of 140 Mean | Max Min
Locations Ha/g (% exceedances in
parenthesis)
Sod 25 7 (28%) 122 712 | 175
Playgrounds (n=6) ion 29 13 (45%) 157 436 | 241
ggregate 16 0 31 | 115 | 18
material
Sod/Soil 37 5 (14%) 84 228 12
School yards (n=7) Aggregate 37 5 (14%) 81 307 3
material
Weston Elementary Sod 20 16 (80%) 429 907 89
School Sports Field Sail 21 19 (90%) 463 | 1,130 | 113
Residential
(Riverview/Lord Roberts, Sod 54 2 (4%) 51 200 9.2
\évlcé'nsglri%'\fl';ltrg ors) Soil 54 9 (17%) 83 | 369 | 9.1
North Point Douglas Sod/Soil 23 17 (74%) 468 | 2,240 | 31.1

Playgrounds

A large degree of variability in soil lead concentrations was found between and within
playground sites. Generally, concentrations at most playground sites were lower in 2007 than
during the previous sampling event in 1984, although there were some exceptions to this trend.
Large decreases observed at some sites were attributed to sod, soil, or aggregate enhancement
or replacement. Despite the overall decrease in concentrations, five (5) of the six (6)
playgrounds sampled in 2007 contained exceedances in sod and/or soil samples from the top 5
cm. No exceedances were identified in areas with aggregate materials, such as sand boxes
and areas below swings and play structures, where toddlers and children are likely to frequent.

In the 2007 data, the maximum concentration of 712 pg/g was measured in the “Spence Tot
Lot” for the surface sod layer, and a maximum concentration of 436 ug/g was measured in the
top 5 cm for soil under sod in the “Maryland Tot Lot”. The average concentrations in sod,
surface soil, and aggregates were 122, 157, and 31 ug/g, respectively. These are lower than
the average concentrations measured in 1984 (253, 210, and 88 ug/g for sod, surface soil, and
aggregates, respectively).

School Yards

Manitoba Conservation noted that concentrations of lead decreased “quite dramatically” in
school yards from the previous sampling event in 1983, with average concentrations decreasing
from 1,125 pg/g in 1983 to 82 ug/g in 2007. These samples were collected from paved,
concrete, or graveled surfaces. Since each of these school yards are bordered by a major
traffic thoroughfare, the historical contamination was assumed to be related to vehicle
emissions. The observed decreases in concentrations were attributed to the phasing out of
leaded fuels by the late 1980s and the replacement of surface materials in several school yards.
No exceedances were identified from paved/concrete/graveled surfaces for three (3) schools
(Archwood Elementary, Weston Elementary, and Tyndal School), and only a single exceedance
was identified for each of two (2) schools (Lord Nelson and Fort Rouge).
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Elevated levels of lead in the sod and the underlying soil continue to be identified in the Weston
Elementary School sports field. Concentrations of lead in sod decreased from 979 ug/g in 1981
to 329 ug/g in 2007. However, concentrations in the top 5 cm underlying the sod increased
from an average of 192 pg/g in 1981 to 463 ug/g in 2007.

Residential Boulevards

Concentrations of lead in sod and soil samples collected from residential boulevards in
Wolseley/Minto, Riverview/Lord Roberts, and Glenelm/Chalmers were notably lower in 2007
relative to 1983, with a small number of sites with concentrations above the CCME guideline.
The previously identified relationship between soil concentrations and proximity to heavy traffic
thoroughfares was less evident in the 2007 sampling results.

Although most sampling sites in North Point Douglas (from a depth of 5 cm) had lower
concentrations in 2007 (average of 468 ug/g) then when originally sampled in 1988 (average of
1,025 pg/g), the majority of the sites (74%, or 17 of 23 samples) still had concentrations that
exceeded the CCME guideline. Ten (10) sampling sites from North Point Douglas included
samples collected from two depths (2.5 cm and 5 cm) as it was suspected that higher
concentrations would be present in the upper surface layers due to the contribution from
atmospheric deposition of particulates. However, for five (5) of the 10 (ten) sites, the
concentration in the sample collected from the 2.5 cm depth was lower than the concentration in
the corresponding sample collected from the 5 cm depth. The overall average concentration
from the 2.5 cm samples (167 ug/g) was lower than the average for the 5 cm samples (202

Ha/Q).
2008 Sampling Program

The 2008 sampling focused on the collection of soil, sand, pea gravel, and other surface
materials from City playgrounds and sports fields in the vicinity of potential current and historical
point sources of lead. With the exception of the three (3) samples collected from Westview
Park, concentrations of lead in sand and sieved dust samples from playground pea gravel were
very low, with no exceedances of the CCME guideline reported. Only one (1) sample collected
from surface soil samples collected from grassed areas in playgrounds exceeded the CCME
guideline. This was the only exceedance found in the ninety (90) samples collected in the 2008
survey (with the exception of the three (3) samples collected from Westview Park). This sample
(161 pg/g) was collected from Stanley Knowles Park located along Logan Avenue
approximately 550 m east of the former Canadian Bronze smelter site.

The Westview Park samples were noted to be elevated in the 2008 sampling, with
concentrations of 208, 356 and 368 ug/g. These concentrations were lower than those reported
in 1988 (concentrations of 560, 850 and 1,265 pg/g) but were still in excess of the CCME
guideline.

Limitations and Uncertainties

The report notes that the sites from the 1980s studies were not geo-referenced and as such, the
locations in the 2007 sampling survey may not be the exact sample locations as the previous
studies. The report also notes that the sampling protocol varied between the 1980s surveys. At
some sites, it was reported to be difficult to distinguish between the sod and soil layers and this
may have contributed to the variability in the results when comparing the data from the 1980s
and the 2007 data.
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2.2.13 Pinchin Environmental. 2006. Phase Il Environmental Site Assessment. 99
& 105 Euclid Avenue, Winnipeg, Manitoba. July 27, 2006 and December 29,
2006.

In June 2006, Pinchin Environmental Ltd. (Pinchin) conducted a Phase Il Environmental Site
Assessment (ESA) of the property located at 99 and 105 Euclid Avenue, Winnipeg, located
within the neighbourhood of North Point Douglas. The Site was vacant at the time of the
investigation and included a derelict, historically significant residential building known as the
Barber House. The objective of the investigation was to assess potential impacts to on-site soil
and groundwater related to potentially contaminating activities on surrounding commercial and
industrial properties, including a service station and a dry-cleaning facility. Concentrations of
lead and other metals in soils exceeded the CCME guidelines in multiple samples. Based on
these findings, Pinchin conducted a supplemental investigation in October and November 2006
to further delineate the extent of impacts of lead and other metals in soils. Concentrations of
lead exceeded the CCME guideline in seventeen (17) of twenty-seven (27) surface soil samples
collected from grassed areas across the site.

Methodology

During the initial investigation in June 2006, soil samples were collected from a depth of 0.75
metres below ground surface (mbgs) from three (3) boreholes advanced along Euclid Avenue.
In addition, six (6) soil samples labelled as surface samples were collected from areas across
the Site.

The supplemental investigation involved the collection of twenty-seven (27) samples in a 10 m
by 10 m grid pattern. Samples were collected from below the sod root zone, generally at a
depth of 0.3 mbgs, with some samples collected from within the root zone at an approximate
depth of 0.1 to 0.15 mbgs. Additional samples were collected from test pits advanced within the
northern portion of the Site in response to the observation of waste materials in landscaped
mounds.

Results

Concentrations of lead exceeded the CCME residential guideline in five (5) of the six (6) surface
samples collected in June 2006, with concentrations ranging from 70.2 to 439 ug/g.
Concentrations of lead in each of the samples collected at a depth of 0.75 mbgs (4.97, 5.19,
and 46.5 ug/g) were below the guideline.

During the supplemental sampling in October and November 2006, concentrations of lead
exceeded the guideline in seventeen (17) of twenty-seven (27) surface soil samples, with
concentrations ranging from 20 to 895 pg/g.

A summary of the concentrations of lead in surface samples collected in 2006 are provided in
Table 2-7. The results for samples collected from boreholes and test pits were not included as
they are not considered to be reflective of soils that the general population may be exposed to
on a regular basis.
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Table 2-7 Lead in Soil ESA Results Summary (Pinchin, 2006)

Area No. of No. of Samples with CCME Guideline Lead in soil (ug/g)
Samples Exceedances (>140 pg/g) Mean | Max | Min

Surface Samples (June

2006) 6 5 226 | 439 | 70.2

Surface Samples (October-

November 2006) 27 17 310 | 895 | 20

Limitations and Uncertainties

The depth of surface samples from the initial investigation in June 2006 was not specified.
During the supplemental investigation, samples collected from the northern portion of the
property were comprised of fill material. Therefore, it is unknown if lead concentrations in these
samples may have been influenced by materials brought on site.

2.2.14 University of Manitoba. 2017. Soil Sampling Results from the St. Boniface
Area (unpublished).

The University of Manitoba conducted a soil study in fall 2017 in the St. Boniface area. A total
of one hundred and seventy-four (174) soil samples were collected from commercial and
residential properties within this neighbourhood, as well as two (2) sediment samples from a
ditch. All soil samples were collected at a depth of 0 to 10 cm from locations that include
residential properties (front and back yards, gardens), parks, vacant lots, and commercial
properties. The sampling locations were generally only described by Street name and did not
include addresses. Overall, less than 15% of samples contained concentrations that exceeded
the CCME guideline, with less than 5% containing concentrations that were more than double
the guideline (i.e., 280 pg/g). The average concentration of all samples was well below the
CCME guideline.

Exceedances were slightly more common in samples collected from front yards and gardens
relative to back yards, although gardens may have been located in either the front or back yard.
Sampling sites located on roadways that are anticipated to have heavier vehicular traffic did not
have a higher frequency of exceedances, however, given that street addresses were not
provided, it is unknown which (if any) sample sites were located on streets that intersected with
major thoroughfares.

The results of this study are proprietary and cannot be presented in detail or summary.

2.2.15 Manitoba Sustainable Development. 2019. Winnipeg Soil Survey, Fall 2018.
Environmental Compliance and Enforcement Branch. January 2019.

A soil survey was conducted by the Manitoba Sustainable Development Environmental
Compliance and Enforcement Branch (ECE) in October 2018 to assess lead concentrations in
soil in the City of Winnipeg. The survey focused on locations that were previously sampled
during the study completed by the Province in 2007-2008. Previous soil studies concluded that
lead contamination in soils near Weston Elementary School was likely a result of its close
proximity to high traffic areas and historical leaded fuel use rather than emissions from the
Canadian Bronze smelter located approximately 280 m north of the school.

The CCME guideline of 140 pg/g protective of human health for lead via soil ingestion was the
applicable criterion used in the study. The 2018 survey identified exceedances of lead in soil at
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Weston Elementary School, Westview Park, North Point Douglas (certain areas), and one
sample from Glenelm/Chalmers. Each of these areas were identified as having exceedances in
previous studies.

Methodology

In total, one hundred and twenty-seven (127) locations were sampled during this survey,
including four (4) residential boulevards (i.e., Wolseley/Minto as Group 1, Riverview/Lord
Roberts as Group 2, Glenelm/Chalmers as Group 3, and North Point Douglas as Group 4);
eighteen (18) schools, and thirty-two (32) parks and playgrounds. Areas in St. Boniface were
also sampled. For the 2018 survey, there were a number of deviations from the sampling
locations selected in the previous studies, including the following:

e Habitat Park was sampled in 2008 but was not in existence for the 2018 sampling
survey;

e Samples were only collected along the edges of the schoolyard at Gordon Bell High
School as the majority of the yard is now paved,;

¢ Point Douglas Park and several schools were added to the 2018 sampling survey;
e Samples were collected at Norquay School; and,
e Samples were collected at a second sample site at Dufferin Elementary School.

The 2018 soil survey followed a similar sampling methodology as employed by the University of
Manitoba in their 2017 St. Boniface soil study and as described in technical documents
prepared by the CCME (2016a,b) and the US EPA (1995). Composite sampling was utilized to
obtain a representative surface soil sample from each location. Discrete samples were obtained
by collecting soil to a depth of 7.5 cm using a 2 cm diameter Oakfield soil sampler. Discrete
subsamples were collected at intervals along an “X” pattern. Each composite sample consisted
of ten (10) discrete soil subsamples. At Weston Elementary School, composite samples were
obtained from each of the twenty-one (21) sample locations that were sampled in 2007; each
composite sample consisted of five (5) discrete subsamples taken 30 cm from each other. One
(1) additional composite sample was obtained in the southeast corner of the schoolyard that
was not previously sampled in the 2007 study. For every tenth sample collected, a field
duplicate was obtained for quality control and quality assurance measures. Sampling teams
collected samples from the residential boulevards, parks and playgrounds from October 9 to 11,
2018, and schools were sampled on October 19, 2018.

Results

Table 2-8 summarizes the results from the 2018 sampling survey.

Table 2-8 Lead in Soil Survey Results Summary (2018) (Manitoba Sustainable
Development, 2019)
No. of Sites No: of .Sltes with CCME Lead in soil (ug/g)
Area Sampled Guideline Exceedances Mean Max Min
(>140 ug/9)

Wolseley/Minto 18 0 37 105 11.3
Residential | RIVerview/Lord 20 0 50.7 125 14.2

Roberts

Glenelm/Chalmers 17 1 57.6 141 14.2
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Table 2-8 Lead in Soil Survey Results Summary (2018) (Manitoba Sustainable
Development, 2019)
North Point 22 9 199.8 885 15.6
Douglas
Parks and Playgrounds 32 2 72.1 439 15.9
Schools
(excluding Weston School) 7 0 505 97.5 115
Weston School 22 18 (locations) 215.9 446.0 96.3

A total of seventy-seven (77) samples were collected in the residential areas, of which there
were ten (10) exceedances of the CCME guideline reported. Although one of these
exceedances was reported in one (1) of the seventeen (17) residential boulevards tested in the
Glenelm/Chalmers area, this concentration (i.e., 141 ug/g at Macintosh Avenue between
Henderson and Brazier) was equal to the CCME guideline of 140 pg/g when rounded to two
significant figures. The remaining nine (9) exceedances were identified in the North Point
Douglas area along Stephens Street, Sutherland Avenue, and Syndicate Street. These
exceedances ranged from 150 to 885 pg/g, with the highest results of 755 to 885 pug/g found on
Sutherland Avenue at the southeast corner of Syndicate Street. It was reported that the overall
lead concentrations in the sampled residential areas were lower than concentrations measured
in the studies from previous years. Areas observed to have new curbs and grass had
significantly lower concentrations.

Two (2) of thirty-two (32) parks sampled were reported to have exceedances. One (1)
composite soil sample collected at Point Douglas Park (i.e., 141 pg/g) was identified as an
exceedance but was equal to the CCME guideline when rounded to two significant figures. One
(1) composite soil sample collected at Westview park (i.e., 439 pg/g) exceeded the CCME
guideline. The 2018 study identifies that Point Douglas Park was not sampled previously but the
2018 results are consistent with the North Point Douglas residential area results. The Westview
Park lead exceedance from 2018 is noted to be less than the concentration from the 1979
sample survey (i.e., 1,265 pg/g). The 2018 study suggests that elevated lead concentrations at
Westview Park may be a result of the previous use of this area as a landfill as concentrations in
four (4) surrounding parks were below the guideline.

Of the eighteen (18) schools sampled, exceedances were only identified at Weston Elementary
School. Eighteen (18) of the twenty-two (22) samples collected from the Weston School
exceeded the guideline, with exceedances found across the school yard. The highest
concentration (i.e., 446 pg/g at WSA2) was found near the school tarmac and play structure in
the northwest corner of the yard. The study noted a significant decrease in concentrations of
lead at the Weston School since the 1981 survey, and that concentrations in 2018 were typically
lower when compared to the 2007 survey results with the exception of a single sample location
(A1). Seven (7) parks surrounding the school that were sampled had concentrations below the
guideline.

Limitations and Uncertainties

Overall, it was acknowledged that the 2018 lead survey was not an exhaustive study of lead in
soil in the City of Winnipeg. The intention of the survey was to identify any changes in
concentrations over time in areas that were included in previous investigations. As the survey
results are compared to results of the previous studies, the survey did not investigate possible
sources of contamination or any additional areas that may have elevated concentrations of lead.
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Although geo-referencing information was collected as part of the 2007/2008 sampling survey,
this information was not available during the 2018 survey. As such, the sampling locations were
approximated to replicate those from 2007/2008 and are anticipated to be in close proximity of
the previous locations. Differences in the sampling locations are not likely to have a significant
impact on the overall interpretation of trends in soil lead concentrations between the two
surveys.

2.2.16 Environmental Site Assessment Reports on File with the
Contaminated/Impacted Sites Program

A review was conducted of the complete list of all sites on file with the contaminated/impacted
sites program. This list was first reduced to only include those sites located within the City of
Winnipeg. It was further reduced to focus on those sites that were considered to have the
potential to provide relevant soil lead data based on the site description listed within the
database, as well as features observed by identifying the site on online satellite maps. Reports
for nineteen (19) sites were selected for an initial review which indicated that these
investigations were primarily conducted to characterize contamination related to petroleum
hydrocarbons due to the presence of underground storage tanks or the use of the sites as retalil
fuel outlets or for bulk storage. Lead was included in the analysis of soil samples in a limited
number of investigations, with the shallowest sample depth for each site being 0.75 mbgs. Soil
concentrations at these depths are unlikely to be representative of conditions across a larger
area or neighbourhood and are not generally reflective of soils that the general population would
be exposed to on a frequent or prolonged basis. Given the nature of the investigations for many
of the sites in the contaminated/impacted sites program, these data may not significantly
contribute to the understanding of the distribution of lead in surface soils at a neighbourhood
level. The exception was for a Phase Il Environmental Site Assessment (ESA) completed by
Pinchin for the Barber House property located within the neighbourhood of North Point Douglas
(99-105 Euclid Street) as previously described.
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3.0 TASK 2: IDENTIFICATION OF POTENTIAL CURRENT AND HISTORICAL
SOURCES OF LEAD CONTAMINATON IN WINNIPEG

Canadians are exposed to lead from various natural and anthropogenic sources. Natural
sources may include erosion of lead deposits and volcanic activity (Health Canada, 2013b). In
Canada, the background concentration of lead in soils is estimated to be 9.65 pg/g, based on
the mean concentration of 7,398 glacial till samples collected from across the country (Health
Canada 2013a; 2013b; 2019a). Anthropogenic sources of lead may include primary (e.qg.,
smelting and refining) and secondary (e.g., the use of lead-containing products and its
incineration and/or disposal) sources (Health Canada, 2013b). Due to several desirable
properties, including the ability to resist corrosion, lead has historically been used in a wide
variety of products in both industrial applications and residential uses, particularly lead-storage
batteries for vehicles, and general industrial products (e.g., piping, cable covering, bearing
metals for machinery, and sheet lead, etc.) (ATSDR, 2007; Health Canada, 2013a). Lead, in its
various forms, has also been used in paints and as gasoline additives. The diverse
anthropogenic uses of lead have made it ubiquitous in the environment (Health Canada,
2013a).

Particulate-bound lead emitted from mining operations, smelters, and combustion sources
occurs primarily in the form of lead-sulfur compounds; however, in the atmosphere, lead exists
primarily in the form of particulate-bound lead sulphate and lead carbonate and has a residence
time of approximately 10 days (Corrin and Natusch, 1977; NAS, 1980; US EPA, 1986; Spear et
al., 1998; MOE, 2006; ATSDR, 2007). Waste incinerators are known to be sources of lead, with
the lead content varying in association with the waste stream. Coal combustion is also a major
source of lead emissions on a global level, with emission levels peaking during months of high-
power consumption. The burning of wood, most significantly during forest fires, can also
release lead historically deposited in trees (US EPA, 2012). Once in the environment, lead may
transform, but does not degrade and cannot be destroyed (ATSDR, 2007).

The amount of lead in soil in urban areas with light-industrial operations has been found to
correlate with the size of the city (ATSDR, 2019). The resuspension of lead from brownfield
sites and historical industrially impacted areas has been identified as a source of lead emissions
in urban areas (US EPA, 2012).

According to Canada’s Air Pollutant Emissions Inventory (APEI), annual lead emissions have
decreased by 1.1 kilotonnes (kt), an 86% reduction, between 1990 and 2017. Currently, non-
ferrous refining and the smelting industry is the major contributor to lead emissions in Canada
(ECCC, 2019) (Figure 3-1).
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Figure 3-1 Lead Emissions in Canada by Industrial Sector, 1991 to 2017 (ECCC, 2019)

Soil is a major sink for lead deposited from the atmosphere. Generally, lead is immobile in soil
due to the complexes it forms with organic matter; however, pH, mineral composition, microbial
activity, ion exchange capacity, and the presence of inorganic colloids and iron oxides also
influence transport and bioavailability (WHO, 1995; CCME, 1999b; US EPA, 2006; ATSDR,
2007). The mobility of lead in soil also varies with the different forms of lead released to the
environment (CCME, 1999b). Soil properties also affect the speciation of lead within soil. In
aerobic soils, lead compounds undergo weathering and may become more stable over time
(CCME, 1999b). In anaerobic soils, much of the sulphate is reduced to sulphide which is a
highly stable, insoluble, and a relatively non-reactive species of lead. Generally, lead does not
bioaccumulate in terrestrial or aquatic food chains (ATSDR, 2007). Given the widespread uses
of lead and its physical and chemical characteristics, it is typically found in upper soil layers,
often through deposition of air emissions or direct releases to the soails.

Lead concentrations in Canadian soils are generally higher in cities and in close proximity to
roads, industrial sources, weapon firing ranges, and buildings with deteriorating leaded paint
(Health Canada 2013a; 2013b; 2019a; US EPA, 2012). Studies of lead in residential and
parkland soils in several areas of Canada were evaluated between 2003 and 2010, with mean
lead concentrations ranging from 35.6 to 766 ug/g, with most samples having concentrations
below the CCME guideline of 140 ug/g (Health Canada, 2019a). Near point sources, lead
concentrations in soil have been reported to have mean concentrations ranging from 13 to 750

Ha/g.

A summary of the findings of Task 2 is provided in Section 3.1. Additional details on the
identification of potential sources of lead in Winnipeg is provided in Section 3.2.
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3.1 Summary of the Findings of Task 2

Several investigations were conducted in the City of Winnipeg in the 1970s and 1980s to
characterize lead content in soil, sod, dust, and vegetation. Studies conducted by the Province
indicated that several older neighbourhoods in the inner city had elevated concentrations of lead
in soil that were primarily attributed to the presence of high traffic arteries (Manitoba Sustainable
Development, 2019). Studies of on-road sources of lead found that approximately 75% of lead
additives in fuels were emitted within the exhaust, while the remaining fraction was retained
within the engine compartment. Due to the larger size of vehicle exhaust particles, the majority
of emitted lead may have settled within 25 m of a roadway, however, elevated concentrations
have been noted up to 100 m away.

In addition to emissions from the historical use of leaded gasoline, several point sources have
also been identified as contributing sources within Winnipeg. Specifically, the three (3)
secondary lead smelters previously operating in the west end of the City. Lead concentrations
in soil in close proximity to these secondary lead smelters was frequently 10-fold those
concentrations found to accumulate from normal vehicle emissions (Wotton, 1979).

Numerous additional point sources of lead have also been identified throughout the City. Soll
samples collected by the Province in the 1980s and 2007 from boulevards and residential
properties in the North Point Douglas neighbourhood were found to contain elevated lead
concentrations within a zone of 60 m from scrap yards located along Sutherland Avenue
(Manitoba Conservation, 2010). Similar facilities have been identified throughout the inner city.
Although these facilities may not have emissions of lead from industrial processes, it is
anticipated that airborne particulates created during physical manipulation of lead-containing
products results in localized deposition to surrounding properties. Proximity to rail lines or
industrial areas may also result in the accumulation of lead within surface soils. In general,
areas closer to industrial sites with lead emissions have higher concentrations of lead in soil and
vegetation.

Although lead-based paint is no longer utilized, older neighbourhoods in the City of Winnipeg
may still be impacted by its historical use. Lead-based paint from older buildings may
deteriorate and peel or chip from painted surfaces, accumulating in soils surrounding the
buildings. Areas considered to be hot spots of high lead contamination in soils typically occur
within 1 to 2 m of the painted surface (NZ MOH, 2012). Lead paint particles within interior and
exterior dust can represent a significant source of lead exposure.

Based on information available in the investigations conducted by the Province, searches of
various databases, and background information provided in the primary literature, various
potential sources have been indicated to be contributing to concentrations of lead in soils
throughout Winnipeg. The largest contributors are anticipated to be the former secondary lead
smelters and vehicle emissions from major roadways due to the historical use of leaded
gasoline. Given that the smelters have ceased operations, and leaded fuels have been phased-
out from use in on-road vehicles, the historical primary sources of lead emissions for
neighbourhoods in Winnipeg are no longer present.

Several neighbourhoods throughout the City were identified as being of potential concern due to
elevated concentrations reported in the investigations described in Task 1. Based on the
identification of numerous additional point sources of emissions, there are a number of areas
that were not included within any of the soil investigations which may have received elevated
historical rates of deposition. This includes the northeast area of the City where the Griffin
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Canada Inc. facility was identified as having notable lead emissions, and in the neighbourhoods
surrounding the airport (Figure 3-2). Given that major roadways are identified as a significant
source of historical lead emissions, any neighbourhood that includes major traffic arteries may
also represent areas of potential concern (Figure 3-3).
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Figure 3-2 Point Sources of Lead Contamination in Winnipeg Presented with the
Neighbourhoods Included in Soil Investigations
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Figure 3-3  Sources of Leaded Gasoline Emissions Presented with the
Neighbourhoods Included in Soil Investigations
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3.2 Detailed Review of Potential Sources of Lead Contamination in Winnipeg

3.2.1 Secondary Lead Smelters and other Point Sources of Lead in Winnipeg

Following the phasing out of lead in fuels, the primary sources of lead in the environment are
associated with mining, smelting, and industrial releases from facilities that use lead, lead
alloys, and lead compounds (Health Canada, 2019a). Although several studies conducted by
the Province and other researchers indicate that vehicle exhaust, due to the use of leaded
gasoline, is the primary source of lead in soils in the City of Winnipeg, several point sources
have also been identified as contributing sources. Specifically, the three (3) secondary lead
smelters previously operating in the west end of the City. According to the 1984 status report
on compliance with secondary lead smelter regulations (Environment Canada, 1985), a
secondary lead smelter is defined as including one or more of the following operations:

@) Smelting of lead scrap and lead-bearing material in a blast furnace or cupola.
Emissions of lead-bearing particulates occur from materials handling, from charging
of the furnace, in the flue gas from the furnace operation, and from metal or slag

tapping.

(b) Melting and refining of lead scrap, lead pig and/or other lead bearing materials in a
reverberatory furnace. Emission sources are similar to (a) above.

(©) Melting and refining of lead or lead alloy in a holding furnace or kettle furnace.
Emission sources are similar to (a) above.

(d) Production of lead oxide from lead or lead compounds. Particulate emissions are
greater than (c) above, and the lead concentration in the particulate is also greater.

(e) Receipt, handling or transfer of lead, lead alloys or lead bearing materials associated
with the operations in (a), (b), (c) and (d) above.

Based on the 1984 report, the secondary lead producers specifically identified in Winnipeg were
the Canada Metal Co. and Northwest Smelting and Refining smelters. The Canadian Bronze
facility was identified as a facility whose primary operational purpose was to provide an
intermediate material for further processing (Environment Canada, 1985). All three (3) smelters
in Winnipeg ceased operations between the 1980s and early 2000s. Lead concentrations, in
proximity to these secondary lead smelters, was frequently 10-fold the lead concentrations
found to accumulate from normal vehicle emissions (Wotton, 1979).

In addition to the identified smelters, other activities such as metal scrap recycling yards, rail
yards, and manufacturing operations were also identified as representing potential sources of
lead (Figure 3-4) (Manitoba Conservation, 2010).

3.2.1.1 Smelters

Under the Secondary Lead Smelter National Emission Standards Regulation, which was issued
under the Federal Clean Air Act in July 1976, regulations are provided which specify the
maximum concentration for lead and particulate matter for various operations (Environment
Canada, 1985) (Table 3-1).
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Table 3-1 Emission Standards for the Secondary Lead Industry for 1984

(Environment Canada, 1985)
Operations

Blast Furnaces

Cupolas

Reverberatory Furnaces
Holding Furnaces
Induction Furnaces
Kettle Furnaces

Lead Oxide Mills

Scrap Handling
Crushing

Furnace Tapping
Furnace Slagging
Furnace Cleaning
Casting

Lead All operations 63% of particulate matter @

a Percentage may exceed 63% if concentration of particulate matter specified above is reduced to an
equivalent of 63% lead contained within that particulate matter.

Parameter Maximum Concentration

Particulate Matter

0.046 g/m?3

Particulate Matter

0.023 g/m?3

Each of the three (3) secondary smelters in the neighbourhood of Weston were identified to be
subject to these regulations (Environment Canada, 1985). These three (3) facilities were
exempted from the Clean Environment Act by a Provincial Order in Council as the
Environmental Protection Service (EPS) in Manitoba implemented the regulations directly and
routinely informs the provincial agency of its activities (Environment Canada, 1985). According
to the 1984 status report on compliance with secondary lead smelter regulations, Canada Metal
(at the Toronto, Winnipeg, and Calgary locations) and the Northwest Smelting and Refining
smelter had an estimated full production capability of 34,000 tonnes and 10,000 tonnes of lead,
respectively (Environment Canada, 1985). The results of the emission testing of particulate
matter and lead at each of the three (3) facilities in Winnipeg are presented in Table 3-2.

Table 3-2 Performance Summaries of Facilities under Regulation in Winnipeg,
Manitoba (Environment Canada, 1985)

i Results (ma/m?3 Furnace Type .

Facility Location .lE_m'tSB'Otn (mg/m?) and Other PaCrtlctuIalte
est Date Particulate Lead Sources ontro
Canada Metal Winnipeg 0.49 0.09 1) Lead oxide Unit
Co. Ltd. May 1984 1.48 0.04 2) Reverberatory Baghouse
0.62 0.04 3) Kettles

Northwest Winnipeg May 1982 14.11 4.11 1) Blast
Smelting and Baghouse
Refining Co. Ltd. August 1981 2.63 0.04 2) Kettles
Canadian Bronze | Winnipeg September . .
Co. Ltd. 1982 0.37 0.05 Electric Induction Baghouse

Currently, reporting to the National Pollutant Release Inventory (NPRI) inventory is a

requirement by Environment and Climate Change Canada (ECCC) under the Canadian
Environmental Protection Act, 1999 (CEPA) (ECCC, 2016). According to the 2016 and 2017
guide for reporting to the NPRI, the reporting threshold for lead (and its compounds) was noted
to be 50 kg manufactured, processed or otherwise used (MPO) lead, where "manufactured,
processed or otherwise used" refers to the amount of the substance produced, prepared or
used in any other way at a facility (ECCC, 2016). Further discussion on the NPRI inventory and
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search results is presented in Section 3.2.2.1 and Appendix A. Details for the three (3) smelters
are presented below.

Canadian Bronze Company Ltd.

The Canadian Bronze smelter was located on 15 Bury Street, north of Logan Street, adjacent to
a residential area approximately 280 m north of the Weston Elementary School (Jones and
Wotton, 1983b; Manitoba Conservation, 2010; Manitoba Sustainable Development, 2019;
Wotton, 1979). This smelter operated for several years before it was closed in the 1990s and
remediated between 1999 and 2000 (Manitoba Conservation, 2010).

Soil data collected in the vicinity of the Canadian Bronze smelter in 1978 and 1979 identified
concentrations as high as 450 pg/g and 780 pg/g at distances of approximately 700 m from the
smelter to the southwest and west, respectively (Krawchuk, 1980; Manitoba Conservation,
2010). In 1981, the Province collected soil samples in transects extending from the smelter and
noted that concentrations of lead fluctuated but that the results showed a general trend of
decreasing concentrations with increasing distance from the smelter. Concentrations of lead as
high as 1,000 pg/g were noted at the terminus of these transects (Manitoba Conservation,
2010). Overall, elevated concentrations of lead were identified within a radius zone of at least
450 to 500 m from the smelter (Manitoba Consumer and Corporate Affairs and Environment
1981 unpublished data). These elevated concentrations were noted to be likely influenced by
multiple point sources, including vehicle exhaust due to leaded gasoline (Manitoba
Conservation, 2010).

To further characterize lead impacts in the inner city, the study conducted by the Province in
2007/2008 initially identified the known and suspected point sources of lead, including the three
(3) smelters, several metal scrap recycling yards and metal manufacturing operations, rail
yards, and other heavily impacted industrial areas. Sample sites selected for the sampling
program near playgrounds and other recreational areas were limited to a radius zone of 1,500 m
from each of the smelters, and 200 m radii to the other identified point sources of lead. The
results indicated that soil concentrations from point sources were very localized (Manitoba
Conservation, 2010).

Canada Metal Co. and Northwest Smelting Co.

The Northwest Smelting facility was located at the west end of Logan Avenue at 2185 Logan
Avenue. Operations at this smelter were discontinued in the early 2000s (Manitoba
Conservation, 2010). The Canada Metal smelter was located at St. James Street and
Wellington Avenue in the St. James Industrial Park area (ECCC, 2016; Manitoba Conservation,
2010; Wotton, 1979). It operated from 1954 to 1976, and between 1954 to 2002 the facility also
included battery storage and smashing for the purpose of lead removal. Operations at the site
ceased in 2002 and the area was remediated in 2004. The 1984 status report (Environment
Canada, 1985) identified that compliance stack emission testing conducted at Canada Metal in
June 1980 demonstrated that the facility’s lead oxide production was not in compliance with the
lead emission regulations. Environment Canada filed a case for the alleged violations against
Canada Metals in February 1981. However, the case was tried in 1984 and the company was
acquitted on all charges due to unreliable test results (Environment Canada, 1985).

In several studies completed in the area, lead soil concentrations in the immediate vicinity of the
Canada Metal smelter were elevated (Krawchuk, 1980; Wotton,1979; Manitoba Environment,
1989 unpublished data), with concentrations (n=3) decreasing to 180 to 230 pg/g at a distance
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of 300 to 600 m from the facility (Krawchuk, 1980). An analysis of lead particulates in air and
soil in 1982 indicated that the major source of lead deposition in the Weston neighbourhood was
likely motor vehicle exhaust from Logan Avenue rather than emissions from the smelters
(Wotton and Doern, 1983).

3.2.1.2 Metal Scrap Recycling Yards and Metal Manufacturing Operations

Soil samples collected by the Province in 1988 and 2007 from boulevards and residential
properties in the North Point Douglas neighbourhood were found to contain elevated lead
concentrations within a zone of 60 m from scrap yards located along Sutherland Avenue
(Manitoba Conservation, 2010; Manitoba Environment 1989 unpublished data). These results
are consistent with the results of a Provincial investigation in Brandon, Manitoba in 2005 which
identified elevated concentrations of lead in soil within a zone of approximately 75 m of a battery
recycling scrap yard. Although these facilities may not have emissions of lead from industrial
processes, it is anticipated that airborne particulates created during physical manipulation of
lead-containing products results in localized deposition to surrounding properties. Figure 3-4
presents the locations of a number of identified scrap metal yard/lead acid battery waste
transfer or manufacturing facilities which may have the potential to affect soil quality in the
surrounding areas.

3.2.1.3 Rail Yards and Other Heavily Impacted Industrial Areas

Proximity to rail lines or industrial areas could also result in the accumulation of lead within
surface soils (Manitoba Sustainable Development, 2019). In general, areas closer to industrial
sites with lead emissions have higher concentrations of lead in soil and vegetation. Proximity to
railroads can also influence soil lead concentrations as historical coal burning and diesel
exhaust from railroads may be contributing factors. A study in Alabama indicated that for each
100 m increase in the distance from the railroads, a 3.6% decrease in soil lead concentrations
was evident (Ha et al., 2016).

The Canadian Pacific Railway (CPR) Weston Yards, CPR Winnipeg Yards, and the Fort Rouge
Yard were identified as being potential point sources of lead (Manitoba Conservation, 2010). In
addition, several schools that were historically sampled (Jones and Wotton, 1983b) (e.g.,
Archwood School, Weston Elementary School, and Fort Rouge School) are in the vicinity of
railway lines and yards. Although the available reports presented in Section 2.2 do not discuss
potential impacts of railways on the surrounding areas, railyards and rail lines may be potential
contributors to the elevated concentrations of lead identified in soils.
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Figure 3-4  Point Sources of Lead Contamination in Winnipeg
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3.2.2 Database Searches for Possible Emission Sources

Several searches were conducted to identify potential current and historical sources of lead in
Winnipeg. These searches primarily focused on the following databases:

e The National Pollutant Release Inventory (NPRI); and,
e Manitoba Environmental Assessment and Licencing Public Registry Search.

Further details on search strategies, criteria, and results are presented in Appendix A.

3.2.2.1 NPRI Search

The NPRI is Canada’s publicly accessible database of facilities and pollutants. The inventory
allows for the identification and monitoring of sources of pollution from facilities across Canada
and is mandated under the Canadian Environmental Protection Act, 1999 (CEPA) (ECCC,
2016). The reporting requirements for 2016 and 2017 reporting years identified lead (and its
compounds) to be a Part 1B substance with a reporting threshold of 50 kg (ECCC, 2016). The
NPRI online query tool was utilized to identify any current and historical facilities that are
releasing lead or have released lead in large quantities to the environment by filtering by
substance, reporting year, and location (ECCC, 2018). Table 3-3 presents the search query
inputted in the online tool.

Table 3-3 Search Query for NPRI Inventory

Search information Inputted Search Criteria
Reporting Year 2017 to 1994

Substance (First Query); CAS Number Lead (and its compounds); NA-08
Substance (Second Query); CAS Number Tetraethyl lead; 78-00-2

Location Community of Winnipeg (MB)
Facility All Facilities

Industrial Sectors All Sectors
Release/Disposal/Transfer Categories All Types

Between 1994 and 2017, two facilities (i.e., Griffin Canada Inc. and Canadian Pacific Railway -
Weston Powerhouse) in the City of Winnipeg were identified to have air emissions greater than
the 50 kg reporting threshold. The Griffin Canada Inc. facility is located in north-eastern
Winnipeg at 2500 Day Street, and the Canadian Pacific Railway (Weston Powerhouse) is
located in the Weston neighbourhood at 478 McPhillips Street. The highest on-site releases of
lead to air between reporting years 1994 and 2017 at Griffin Canada Inc. and Canadian Pacific
Railway - Weston Powerhouse were reported to be 80 kg and 52 kg, respectively. Three (3)
additional facilities (PPG Phillips Industrial Coatings, Howden Alphair Ventilation System Inc.,
and SNC Lavalin Profac) were reported to have lead air emissions, however, releases were
below the reporting threshold. Details of releases by reporting years and facilities are presented
in Table 3-4 (with additional information provided in Appendix A).
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Table 3-4 Applicable Facilities with On-Site Air and Land Releases
NPRIID | Facility Address City Province
1344 | Griffin Canada Inc. - GRIFFIN CANADA - WINNIPEG é?r%%tDay Winnipeg | MB
2454 ggxflrggle Paint Inc. - Guertin Coatings div. of Cloverdale 50 Panet Road Winnipeg | MB
26120 quglen AIDhg{r Ventilating Systems Inc. - Howden Aliphair - | 1221 Sherwin Winnipeg | MB
Winnipeq Facility Road
762 PPG PHILLIPS INDUSTRIAL COATINGS INC - PPG 95 Paquin Winnioe MB
PHILLIPS INDUSTRIAL COATINGS - WINNIPEG Road Peg
22943 | SNC LAVALIN PROFAC - RCMP D DIVISION i?/zﬁuzortage Winnipeg | MB
CANADIAN PACIFIC RAILWAY - WESTON 478 McPhillips _—
10826 | 5oWERHOUSE Street Winnipeg | MB
5268 | CANADA METAL (WESTERN) LIMITED g21 St.James | \vinnipeg | MB

Given that the NPRI database only provides data from 1994 to 2017, it will not capture many of
the historical point sources of lead emissions (e.g., the secondary smelters). Only one (1) of the
three (3) known secondary smelters (i.e., Canada Metal Smelter) was identified in the NPRI
data search, and entries were only from reporting years 1998 to 2002. As a result, other
potential methods for identifying historical sources of lead were required, including a review of
the Manitoba Public Registry for lead air emissions.

Figure 3-5 presents locations of facilities with on-site releases to air and land. Secondary lead
smelters were assumed to have a zone of influence of 500 m. Facilities identified within the
NPRI database with air emissions are anticipated to have a zone of influence of 200 m. Scrap
metal yard/lead acid battery waste transfer or manufacturing facilities are anticipated to have a
zone of influence of 60 m. These facilities are identified in relation to neighbourhoods that were
included in one or more of the soil investigations described in Task 1.
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3.2.2.2 Environment Assessment and Licencing Public Reqistry

A search of the Environmental Assessment and Licencing Registry resulted in the identification
of three (3) non-ferrous foundry facilities in the City of Winnipeg, including the Canadian Bronze
smelter, Nuwest Alloys, and Dixon Group Canada. Canada Metal smelter was not identified
through this registry search. Several other potentially applicable facilities were identified,
including:

¢ Waste lead acid battery transfer facilities,

¢ A lead-acid battery manufacturing plant;

e Scrap processing and auto wrecking facility
e Shell Oil refinery, and,

e Other manufacturing activities.

It is anticipated that this Registry would capture the major contributors to lead emissions as it is
a reporting requirement under the Environment Act (which dates to 1988) and the Clean
Environment Act (which was enacted in the 1970s). The Registry indicates that several facilities
have requirements for emission monitoring, however, emission reports for facilities listed in the
Registry could not be located or obtained. Facilities identified through the Registry search are
further described in Appendix A and have been presented on Figure 3-4.

3.2.3 Urban Sources of Lead Emissions

Historical use of lead in gasoline is a potential source of lead exposure in modern urban
environments due to the lack of mobility and degradation of lead in soils (ATSDR 2019; Health
Canada 2019a). The use of lead in various fuels and automotive parts has contributed to the
deposition of lead into soils, particularly in proximity to roadways and urban environments.

3.2.3.1 On-Road Sources of Lead

The use of tetraethyl and tetramethyl lead in fuels started to decline worldwide in the 1970s,
with the complete phase-out in fuel for on-road vehicles in Canada taking place after 1989
(TCLTF, 2001). Between 1970 and 2011, a 99.6% decline in national lead emissions within the
US was observed (ATSDR, 2019). This reduction (along with the reduction of lead in other
sources) has contributed to substantial declines in BLLs observed in children from the 1970s to
the 1990s in the US and Canada.

Unleaded fuels (i.e., gasoline, diesel) and lubricating oils may still contain lead as an impurity
originating within crude oil, resulting in the continued identification of lead in automobile tailpipe
emissions (US EPA, 2012). Vehicle parts, including wheel weights and metallic brake pads and
tires, can also contain lead which can be released as particulates to the surrounding
environment. Although the use of lead-containing wheel weights has been banned in several
US States, they are still currently in use. It has been estimated that in the US, 480 tonnes of
lead are deposited onto roadways each year (US EPA, 2012).

Studies by the US EPA of on-road sources of lead found that approximately 75% of lead
additives in fuels were emitted within the exhaust, while the remaining fraction was retained
within the engine compartment. Due to the larger size of vehicle exhaust particles (e.g. greater
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than 10 um), emitted lead patrticles likely settled locally (US EPA, 2012). The ATSDR (2019)
notes that particles with diameters of more than 2 um are deposited rapidly and within 25 m of a
roadway. However, lead bound to smaller particles could be transported longer distances.
Lead concentrations in soils adjacent to roadways have been reported to contain 30 to 3,000
Hg/g more lead than soils considered to be reflective of background conditions (ATSDR, 2019).

At a distance of 500 m from an interstate highway with heavy traffic in Los Angeles, California,
lead concentrations in air have been found to be comparable to local urban background
conditions (US EPA, 2012). A study of surface soils along roadways in Baltimore, Maryland,
observed that concentrations within 100 m of a roadway were significantly higher than soils
beyond 100 m, with the highest median concentrations identified in samples from freeways in
residential areas (112 pg/g), followed by samples from residential arterial roadways (98 ug/g)
and industrial freeways (90 ug/g) (ATSDR, 2019). A recent study of a major roadway in Europe
observed that lead concentrations were highest in soils approximately 5 m from the roadway
and were lower immediately adjacent (within 1 m) and beyond 10 to 15 m of the roadway
(Jankowski et al., 2018). The soil lead attributable to historical vehicle emissions is noted to
vary within urban areas in relation to the potential for surface runoff with precipitation, vegetation
cover, wind, and degree of soil turnover (US EPA, 2012).

Several studies completed by various researchers and the Province in the City of Winnipeg
indicate that the primary source of lead in soils is vehicle exhaust due to leaded fuels. Jones
and Wotton (1983) concluded that the highest concentrations of lead in soil were generally
found on residential streets which intersected with major roadways, with concentrations
observed to decrease with increasing distance from the thoroughfare. This relationship was
less evident during the 2007 Provincial investigation following the phase-out of leaded fuels in
soil samples collected from several residential boulevards (i.e., boulevards in Wolseley/Minto,
Riverview/Lord Roberts and Glenelm/Chalmers). At the Weston Elementary School sports field,
a slight decrease in concentrations of lead in the sod layer and the top 5 cm of soil under the
sod layer was noted in 1981 as the distance from Logan Avenue increased; however, this trend
was not observed in the 2007 data (Manitoba Conservation, 2010).

To identify areas within Winnipeg that may have been significantly impacted by historical vehicle
emissions, roads with four (4) lanes or greater were identified as major roadways. In addition, a
traffic report from 2018 by the City of Winnipeg was utilized to determine which roadways are
most frequently used (City of Winnipeg, 2019a). Figure 3-6 presents the major roadways in the
City with a buffer of 100 m indicating the potential area of deposition from vehicle emissions.

3.2.3.2 Non-Road Sources of Lead

In Canada, lead in gasoline is restricted to use for piston aircrafts and competition racing
vehicles as per the Gasoline Regulations under the Canadian Environmental Protection Act,
1999 (Canada, 1999; Health Canada, 2013b). As such, airports and racetracks may continue to
be contributing to lead exposure (Health Canada, 2019a).

Aviation fuels for piston-engine aircraft have been identified as a key source of lead emissions
in the US as well, and several forms of lead have been identified in these fuels, including
tetraethyl lead, lead bromide, and lead oxybromide (the latter formed as by-products).
Emissions from the use of these fuels have been reported to contain both particulate and
aerosolized lead. Lead emissions from piston-engine aircraft can vary with fuel consumption
rate, the type of engine and airframe combination used, and the mode of operation (US EPA,
2012). Elevated BLLs have been reported in children living within 500 m and 1000 m of an
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airport in North Carolina where leaded aviation fuel was used (Health Canada, 2019a; Miranda
et al., 2011). The largest impact was on children living within 500 m of an airport which used
aviation gasoline (Miranda et al., 2011). Figure 3-6 presents the airport and a buffer zone of
500 m.

B

A

N ) Legend
Airports

Google Earth # Buffer Zone for Winnipeg International Airport (500m) and Major Roadways (100m)
<o Major Roadways

10 km

Figure 3-6  Sources of Emissions from Leaded Gasoline.

3.2.4 Lead Paint

Until the 1960s, lead, in the form of lead (llI) chromate, was added to paints as a pigment and
drying agent (Health Canada, 2013; 2019a). Although the use of lead in paints has declined or
been eliminated, older homes and other buildings may still be sources of lead exposure to the
surrounding environment (Health Canada, 2019a). Lead-based paint from older buildings may
deteriorate and peel or chip from painted surfaces, accumulating in soils surrounding the
buildings. Areas considered to be hot spots of high lead contamination in soils typically occur
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within 1 to 2 m of the painted surface (NZ MOH, 2012). Lead paint particles within interior and
exterior dust can represent a significant source of lead exposure.

Several investigations conducted in the City of Winnipeg have indicated that soil lead
concentrations at some sites may be significantly influenced by the weathering of lead-based
paint (Pinchin Environmental, 2006; Manitoba Conservation, 2010). At the Weston Elementary
School, lead-based paint was suspected to be contributing to elevated concentrations of lead in
soil and surface dust (Jones, 1985; Manitoba Sustainable Development, 2019). Remedial
action included the removal of lead paint on outdoor walls of the school and the replacement of
soil and sod (Jones, 1985). Samples collected from seven (7) additional schools in 1983
indicated that samples which were suspected to have been contaminated with paint chips
generally had the highest concentrations of lead in soil (Jones and Wotton, 1983Db).

Although lead-based paint is no longer used, older neighbourhoods and buildings in the City of
Winnipeg may still be impacted by its historical use and as such may represent areas of
concern.

3.2.5 Lead in Drinking Water

Concentrations of lead in municipally supplied drinking water are typically low. Exposure to lead
in drinking water may be sourced by lead plumbing/service lines, solders and fittings (Health
Canada, 2019a). Until 1975, lead service lines were utilized in drinking water systems across
Canada; lead solder was used until 1986 (Health Canada, 2019a). Although the use of lead in
plumbing systems has been prohibited in Canada in the past decades, many drinking water
systems may still be a source of lead, especially in older neighbourhoods where houses were
constructed prior to the 1990s. Factors which contribute to lead leaching into drinking water
include the age of the lead plumbing lines, the amount of time that the water remains stagnant
in the service lines, and general water chemistry (e.g., temperature, pH, alkalinity, chloride
levels) (Health Canada, 2019a). Corrosive waters with higher chloride levels and a higher
chloride-to-sulfate mass ratio may lead to higher lead concentrations in drinking water. As lead
is usually introduced to drinking water after it leaves the treatment facility, corrosion control is
one of the primary treatment measures for lead (Health Canada, 2019a).

Based on lead sampling conducted at sixty-five (65) sites in all provinces and territories for the
National Survey of Disinfection By-Products and Selected Drinking Water Contaminants in
Canadian Drinking Water, the average lead concentrations in Canadian drinking water have
been determined to be 0.9 pg/L in winter, with a range <0.5 to 8.2 pg/L, and 1.27 pg/L in
summer, with a range <0.5 to 24 ug/L (Health Canada, 2019a).

In Winnipeg, it is anticipated that most homes are not impacted by lead in drinking water due to
non-detectable lead concentrations in the City’s source water, and the implementation of lead
control programs (City of Winnipeg, 2019b). As of June 2000, the City of Winnipeg has an
ongoing program which involves the addition of orthophosphate to drinking water as a corrosion
inhibitor to control the release of lead from pipes (City of Winnipeg, 2019b). Monthly testing has
confirmed that concentrations of lead have consistently met the previous Federal Drinking
Water Guideline of 10 pg/L. As of March 2019, Health Canada has reduced this drinking water
guideline to 5 pg/L (Health Canada, 2019a). In response to this decrease, the City will be
conducting a program in which drinking water samples are collected from a few hundred homes
between June and Fall 2019 since many homes continue to have lead pipes and fixtures.
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The City of Winnipeg distribution system water quality test results are available online (City of
Winnipeg, 2019c). The City monitors water quality at Shoal Lake before it enters the treatment
facility, and after the water has passed through the treatment processes (City of Winnipeg,
2019d). The average concentration of lead in treated water from January 1 to December 31,
2018 was reported to be 0.17 pg/L, with a range of <0.05 to 1.8 pg/L (City of Winnipeg, 2019d).
Since lead is typically introduced in drinking water through leaching from the distribution system
components, the basis of the compliance for many provinces and territories is often based on a
flushed sample. However, it is important to note that this sampling protocol may not be a true
representation of the exposure to lead in drinking water and may provide an indication of the
minimum concentrations of lead (European Commission, 1999; Health Canada, 2019a).

It is estimated that approximately 87% of homes in the City of Winnipeg do not have lead pipes
(Figure 3-7) (City of Winnipeg, 2019b).

Figure 3-7  Areas Within the City of Winnipeg Which may have Lead Water Pipes (City
of Winnipeg, 2019d)
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3.2.6 Other Sources of Lead Exposure

In addition to the sources presented above, there are various additional sources which may also
contribute to lead exposure. These include consumer products, food, and indoor house dust.
Consumer products such as art supplies (e.g., paints, crayons, modeling clays), inexpensive
jewelry, and products utilized for recreational activities (e.g., casting fishing weights, stained
glass components, miniature soldiers and other collectors’ figurines) may be a source of lead
exposure (Health Canada, 2013b).

Lead is not permitted to be used in food products in Canada, but it has been detected in various
foods as a result of processing, preparation, or exposure to lead during transport, and past use
of lead arsenate as a pesticide in some areas. Lead shot from hunting is also a source of
exposure in populations that consume wild game (Health Canada, 2019a).

For children, indoor air and dust may be a major source of lead exposure (Health Canada,
2019a). Household dust is a major source of exposure to lead in children due to frequent hand-
to-mouth contact and crawling. Household dust levels are impacted by exterior soils, lead paint
deterioration, tobacco smoke, and activities such as welding, pottery, and stained-glass crafting
(Health Canada, 2019a).

For the purposes of this report, it is not anticipated that the sources presented in this subsection
will significantly be contributing to historical and/or present sources of lead contamination in
Winnipeg soils.
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4.0 TASK 3: REVIEW OF APPROACHES TO ADDRESS LEAD IN SOIL

Task 3 included a review of the approaches used by Canadian and Western International
jurisdictions for addressing concerns related to lead in soil. This review focused on those
agencies that have utilized the current understanding of the toxicological effects of lead as a
non-threshold contaminant. This review also considered risk management strategies
implemented at the federal, provincial, and municipal levels, as well as those recommended by
international agencies such as the US EPA and the WHO. A focused search of the peer-
reviewed published literature was also conducted, identifying studies published after Health
Canada’s preparation of their “Final Human Health State of the Science Report on Lead”
(Health Canada, 2013a), that relate to the assessment of lead in soil and the potential human
exposures and health risks. A summary of the findings of Task 3 is provided in Section 4.1. A
more detailed discussion is provided in Section 4.2.

4.1 Summary of the Findings of Task 3

The general objectives of this review were to:
e Identify the current levels of exposure to lead in Canada;

e Consider the current weight of evidence with respect to the potential effects of lead
exposure in humans, with a focus on identifying a level of exposure or risk that various
jurisdictions are currently using as the basis for intervention and risk management;

e Describe the available human health-based toxicity reference values from jurisdictions
for lead and their basis;

¢ Identify and compare available soil quality guidelines for lead for the protection of human
health, including approaches used in their derivation and best practices related to
sampling for lead in soil, and how these relate to the current state of science; and,

e Compare risk management approaches employed by various jurisdictions with respect to
lead exposure.

The key findings of this review were as follows:

e There is consistent evidence of adverse effects in children with BLLs less than 5 pg/dL,
and there is no clear BLL or exposure threshold that is completely protective;

e The weight of evidence suggests that the dose-response curve for lead has
characteristics of a non-threshold response. Most jurisdictions have withdrawn or are
reviewing their non-carcinogenic toxicity reference values for lead as a result;

¢ A number of organizations have taken an incremental approach to evaluating health
risks associated with lead, and response-levels associated with a 1 pug/dL increase in
BLL in relation to potential changes in 1Q levels in children have been developed. The
most recent organization to take this approach is Health Canada (2019a) in the
derivation of their revised drinking water guideline for lead;
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e Health Canada has recently derived a non-threshold, blood lead model-based point of
departure (POD) of 0.4 pg/kg-bw for lead, which is the basis of the revised Canadian
drinking water guideline for lead;

e The Canadian residential soil quality guideline of 140 pg/g (or ppm) is based on pre-
2000 science and on the surface does not reflect changes in the scientific evidence with
respect to lead and health effects. Several soil quality guidelines from other jurisdictions,
including the US EPA, also are affected by this issue. While the current Canadian
residential guideline is more protective than comparable values from other jurisdictions,
such as the US EPA soil screening level, Australia and several European countries, it is
less conservative than guidelines from British Columbia and Ontario (both have
residential guidelines of 120 ug/g for lead), as well as guidelines from California
(residential guideline of 80 pg/g), and Michigan (residential clean-up of 40 ug/g). The
current CCME guideline is also above lead guidelines derived for the protection of
garden produce consumers by both the US EPA (gardening soil screening level of 100
pg/g) and Toronto Public Health (TPH) (soil screening values of 34 and 340 pg/g for lead
in garden soil, with varying exposure reduction strategies suggested);

e An analysis by Wilson and Richardson (2013) and SNC Lavalin (2012), which included
the use of Canadian-based exposure data and consideration of the current state of the
science on lead toxicology, indicates that the current CCME guidelines for lead are
adequately conservative; and,

e Lead exposure is considered a reportable disease in the Province of Quebec and all
physicians are required to report the results of blood lead testing. Currently, no other
Province or Territory in Canada has these requirements. However, in British Columbia,
mandatory reporting of blood lead analyses is being considered. Overall, elevated lead
exposure in Canada is infrequently reported. In several parts of the US, childhood blood
testing is mandatory, as is the reporting of all blood lead results. Those States that
require testing as part of surveillance and prevention programs also have approaches for
managing elevated BLLs.

Various case studies indicate that the reduction or elimination of emissions are the most
effective methods for reducing BLL in children residing in areas impacted by point-sources.
This is consistent with the results of the systematic reviews and literature regarding intervention
efficacy which indicate that education on lead exposure and the benefits of good hygiene, and
interventions to control dust within households, may influence BLLs when used as part of a
larger strategy that includes environmental reduction. However, when used on their own,
education and household cleaning may have a limited to not effect on BLLs in children.

4.2 Detailed Review of Approaches to Address Lead in Soil

42.1 Lead Exposure in Canada and Other Western Jurisdictions

Lead exposure can have significant health and economic consequences. The WHO (2010a)
notes that the costs associated with childhood lead toxicity are both direct (e.g., medical costs)
and indirect (e.g., burden to society resulting from irreversible neurological effects). The WHO
(2010a) estimated that each pg/dL increase in BLL is associated with a decrease in 0.25 1Q
points, and that each point decrement in 1Q results in a lifetime loss of economic productivity of
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2.4%. Another analysis by WHO (2010b) noted that lead exposure on an international level, in
2004, was responsible for 143,000 deaths and 0.6% of the overall global burden of disease
(expressed in disability-adjusted life years) through its contribution to the development of
cognitive developmental deficits and adverse cardiovascular outcomes (WHO, 2010Db).

More recently, the US EPA (2019) has completed an economic analysis associated with the
proposed reductions in lead exposure in relation to the reductions in the dust-level hazard
standards. The estimated benefits of reducing lead exposure via lower house dust standards
range from $58 million to $2.3 billion per year in US dollars (USD). Further, the overall level of
environmental protection for all populations within the US would be enhanced, without any
disproportionately high impact on any minority or low-income group.

Children, especially those less than 5 years of age, are the most vulnerable to the effects of
lead. It has been estimated that young children absorb approximately 4 to 5 times more lead
than non-pregnant adults from the gastrointestinal tract. In addition, the overall intake of lead
per unit body weight is higher for children, the blood-brain barrier is not yet fully developed, and
adverse effects have been reported in children at exposure concentrations lower than in adults
(WHO, 2010b). Boys have been observed to be more affected by the effects of pre-and post-
natal lead exposure on neurological outcomes than girls (Desrochers-Couture et al., 2018).
Breast milk is a significant source of lead exposure for infants (Health Canada, 2019a).

There is limited information available regarding the current levels of lead exposure within the
City of Winnipeg. Overall, BLLs in Canadians have decreased over time, with reductions of
more than 70% having been achieved since 1978-1979 (a time where the average BLL was
4.79 pg/dL). Blood lead levels are measured regularly as part of the Canadian Health Measures
Survey (CHMS) — a national survey that represents 96% of the Canadian population and
provides information regarding a number of different health measures. In the most recent cycle
for which data are available (2016-2017, n=4,517, ages 3-79 years) the geometric mean BLL
was determined to be 0.93 pg/dL for all ages combined (Health Canada, 2019b). In general,
BLLs decreased from ages 3 to 19, and then increased with age, with the highest BLLs reported
in older individuals (60-79 years). BLLs were generally higher in males than in females. In the
2016-2017 CHMS, the geometric mean BLLs for the various age groups were: 0.56 pg/dL (ages
3-5), 0.54 pg/dL (ages 6-11), 0.48 pg/dL (ages 12-19), 0.78 ug/dL (ages 20-39), 1.0 ug/dL (ages
40-59), and 1.4 ug/dL (ages 60-79). Within neighbourhoods with distinct sources of lead (e.g.,
smelter emissions, areas with high lead shot consumption), the geometric mean BLLs have
been reported to range from 1 to 5.6 pg/dL in children and 1.7 to 3.9 pg/dL in adults, with
maximum reported BLLs in impacted areas recorded at 40 and 50 pg/dL in children and adults,
respectively (Health Canada, 2019a).

An assessment completed in 2014 by the British Columbia Centre for Disease Control (BC
CDC) evaluated the results of all blood lead samples collected and analyzed in British Columbia
during the 2009 and 2010 period (excluding samples from the Trail blood lead screening
program, workplace investigations, and workers compensation tests). A total of 6,770 blood
lead test results were included. Five hundred and twelve (512) children ages 0 to 5 years of
age in British Columbia had blood samples analyzed for lead. The 95" percentile for this age
group during the 2009-2010 period was determined to be 3.9 ug/dL. A total of twenty-one (21)
children (approximately 4%) were identified as having BLLs greater than 5 pg/dL, with eight (8)
(1.6%) of those children having levels between 5 and 10 upg/dL, eleven (11) (2.1%) having BLLs
between 10 and 15 pg/dL, and only two (2) children with BLLs measured between 15 and 34
pg/dL. The children with BLLs over 5 pg/dL were most frequently identified as residing in the
Interior Health region of British Columbia (24% of children ages 0-5 years). All young children
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residing within the Northern Health region presented BLLs less than 5 pg/dL (BC CDC, 2014).
Older children in British Columbia (ages 6-18 years) were identified as having the lowest BLLs
out of all of those evaluated in the study (BC CDC, 2014).

A review by British Columbia CDC (2017) concluded that the effect of incremental increases in
BLLs are likely to be the most pronounced at the lower BLLs (less than 5 pg/dL), and further
reduction is likely to maximize positive neurodevelopment. School and daycare lead exposures
via drinking water were noted to be potential exposure pathways for children in British
Columbia, suggesting that certain buildings or areas may benefit from targeted intervention (BC
CDC, 2017).

Similar trends in lead exposure have been reported in other Western countries, including the US
and Australia. The US National Health and Nutritional Examination Survey (NHANES) is an on-
going program of studies completed by the CDC that evaluate the health and nutritional status
of children and adults within the US through data collected from interviews and physical
examinations (CDC, 2019). Data from NHANES collected between 2015 and 2016 (n=4,988)
revealed geometric mean BLLs of 0.758 ug/dL for ages 1-5 years, 0.571 ug/dL for ages 6-11
years, 0.467 pg/dL for ages 12-19 years, and 0.920 pg/dL for ages >20 years. The current CDC
reference level for BLL is 5 pg/dL corresponds to the 97.5 percentile of BLLs in children, as
observed by NHANES between 2007 and 2010 (CDC, 2019).

The ‘background’ BLL in Australia is estimated to be less than 5 pg/dL based on limited
available data in children (NHMRC, 2015). Studies in pre-school children in the cities of Sydney
and Fremantle have identified geometric mean BLLs of 2.1 pg/dL and 1.83 pg/dL, respectively,
in 2005-2006 (NHMRC, 2014). There are limited studies of individuals who do not live or work
near lead mines, smelters, or occupational environments that involve lead exposure. Itis
considered to be uncommon for individuals in Australia to have BLLs of 10 ug/dL or greater.
Further research and monitoring have been recommended by the NHMRC (2015) with respect
to BLLs across Australia. Suspected sources of lead exposure in Australia include the historical
use of leaded fuels (phased out after 2002), leaded paint, drinking water, consumer products,
and environmental exposures (e.g. near mining and smelting operations) (NHMRC, 2014).

4.2.2 Jurisdictional Review of Approaches to Address Lead in Soil with Respect
to Human Health Risks

At the basis of environmental quality guidelines is the determination of an exposure
concentration that is considered to be reasonably safe. With respect to lead, the weight of
evidence with regard to what is considered to be a safe level of exposure has evolved over time,
with the BLL intervention level (a measure of total lead exposure) being gradually reduced, and
environmental quality guidelines shifting downward as well.

A search for grey literature published by agencies and organizations in Canada, the US, New
Zealand, Australia, and Europe was completed, with a focus on documents published within the
last 10 years. An overview of the findings of this review is provided in Section 4.2.2.1.

More detailed summaries of the current weight of evidence regarding the health effects of lead
in humans as summarized in these reports (as they relate to BLL), as well as the available
toxicity reference values (TRVs) from various jurisdictions, are provided in Appendix B.
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4.2.2.1 Blood Lead Levels and Health Effects — State of the Science

Several recent reviews (within the last 10 years) of the health effects of lead exposure as
measured by BLLs were identified from regulatory agencies and organizations with respect to
non-occupational exposures. The key findings that emerged from the identified reviews with
respect to the current weight of evidence of the health effects of lead, with a focus on BLLs less
than 10 pg/dL, are summarized in Table 4-1.
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Table 4-1

Key Findings of Jurisdictional Reviews Related to Adverse Health Effects at Blood Lead Levels Less than 10 pg/dL,
2009-2019

Agency/Organization

Key Conclusions

Australia National Health
and Medical Research
Council (NHMRC, 2014;
2015)

Adverse health effects in children, particularly cognitive effects (e.g., IQ decrements) are associated with BLLs less than or equal to 10 pg/dL.

BLLs less than 10 pg/dL were associated with adverse behavioural effects in children, delays in sexual maturation or puberty onset in
adolescent girls and boys, and increased blood pressure and risk of hypertension in adults and pregnant women.

Agency for Toxic
Substances and Disease
Registry (ATSDR, 2019)

Several studies observed significant neurological and behavioural effects in children in association with BLLs less than 5 pg/dL, following
prenatal or environmental exposures to low levels of lead.

Adverse immunological, hematological and reproductive effects have been observed in several studies of adults with BLLs of 10 pg/dL and
above.

No clear evidence of a threshold or safe level of exposure is evident, and a minimal risk level (MRL) was not derived for lead.

US Center for Disease
Control, Advisory
Committee on Childhood
Lead Poisoning
Prevention (ACLPP,
2012)

Available weight of evidence suggests that BLLs of less than 10 pg/dL are associated with adverse effects on neurocognitive development in
children, behavioural effects, cardiovascular, immunological and endocrine effects. These effects appear to be irreversible.

The term ‘blood lead level of concern’ should no longer be used, as no level of exposure is without concern.

Any child with a BLL above 5 pg/dL is likely exposed to lead via one or more pathways. Exposures to lead in homes or child-occupied
facilities significantly contribute to BLLs above this level.

United Nations
Environment Program
(UNEP, 2010)

No clear threshold for critical lead-induced effects were apparent.

Benchmark-dose models were used (using a non-threshold approach and a level of 1% extra risk) to identify for neurodevelopmental effects
in children (0.50 pg/kg-day), chronic kidney disease in adults (0.64 pg/kg-day), and increased systolic blood pressure (1.5 pg/kg-day).

The estimated lead exposure to children ages 0 to 7 years in Europe was found to exceed the BMDLo: intake of 0.50 pg/kg-day. It was also

concluded that women of reproductive age (20-40 years) had lead intakes associated with some risk of adverse effects to a developing fetus.

Health Canada (2013a)

Significant evidence of adverse health effects has been observed at BLLs below 10 pg/dL and as low as 1 to 2 ug/dL for developmental
neurotoxicity in children. The adverse effects of lead from childhood exposures can persist into late adolescence.

Dose-response modelling does not support the identification of a threshold for developmental neurotoxic effects. For some effect endpoints,
namely IQ deficits, the dose-response relationship seems to be curvilinear, with a steeper slope at the lower levels of environmental lead
exposures.

Health Canada (2019a)

A significant number of studies have associated low BLLs (<10 pg/dL) with neurodevelopmental effects in children. In addition, there is
evidence that suggests that lead exposure is associated with attention-related deficits, including attention deficit hyperactivity disorder
(ADHD) at BLLs less than 5 pg/dL. It is hypothesized that effects on attention may be an underlying cause of deceases in 1Q. BLLs as low
as 0.8 pg/dL have been associated with neurodevelopmental effects in children (1Q).

There is consistent evidence in humans of delayed puberty in females at BLLs as low as 1.2 pg/dL and suggestive evidence of lead being
associated with earlier menopause.

The lowest BLL associated with adverse neurodevelopmental effects cannot be identified; a non-threshold approach using low-dose linear
extrapolations should be used to evaluate points of departure for risk estimates.
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Table 4-1 Key Findings of Jurisdictional Reviews Related to Adverse Health Effects at Blood Lead Levels Less than 10 pg/dL,
2009-2019

Agency/Organization

Key Conclusions

New Zealand Ministry of
Health (NZ MOH, 2012)

There is evidence of decreases in 1Q in children with BLLs less than 10 pg/dL, and also evidence of a lack of reversibility of these effects.
However, the NZ management strategy is based on the 10 ug/dL intervention level. At the time, the US CDC had not yet reduced their BLL
intervention level to 5 pg/dL.

US National Toxicology
Program (NTP, 2012)

NTP concluded that there is sufficient evidence that BLLs less than 10 ug/dL are associated with adverse neurodevelopmental effects in
children (including attention related behavioural problems and decreased cognitive performance), delayed puberty, and decreased postnatal
growth. Sufficient evidence was also found of an association between BLLs less than 5 pg/dL with adverse reproductive effects in adult
females and reduced fetal growth.

US Environmental
Protection Agency (US
EPA, 2012)

The US EPA identified a causal relationship between lead exposure and cognitive function decrements and attention-related behavioural
problems in children. At BLLs less than 4 pg/dL, there is no evidence of a threshold for these effects in young children (ages 4 to 11 years).
Increases in attention-related problems were found in populations of children ages 7-17 years or young adults ages 19-24 years with prenatal
cord or lifetime average mean BLLs between 6.8 and 14 pg/dL.

A causal relationship between lead exposure and cancer, hypertension and coronary heart disease were identified, as well as developmental
effects and male reproductive function.

US Environmental
Protection Agency (US
EPA, 2019)

Based on internal review by the US EPA and conclusions reached by other US agencies (ACLPP, CDC, NTP), the US EPA proposes to
reduce the dust-level hazard standard (DLHS) for lead in floor dust from 40 ug/ft? to 10 ug/ft?, and the DLHS for lead in windowsill dust from
250 pg/ft?to 100 pg/ft2.

World Health
Organization (WHO
2010a,b; 2016)

The most critical health effects are the incidence of neurodevelopmental effects in children.

There is no clear threshold level below which lead is not without adverse effects.

WHO withdrew its previous tolerable weekly intake guideline value for lead on the basis that it was no longer adequate for the protection of
cognitive effects in children. There is consistent evidence of adverse effects in children down to and below BLLs of 10 pg/dL.

Low-level lead exposure in utero and during childhood in association with BLLs less than 10 pg/dL is associated with adverse
neurobehavioral effects in children that can persist into adulthood and be irreversible in nature. These effects may occur at BLLs less than 5
pg/dL.

It is estimated that more than 80% of daily lead intake arises from the ingestion of food, dirt, and dust in most areas.

Adverse effects on infant and child development have been associated with BLLs less than 10 pg/dL (range 6 to 9.5 pg/dL).
Lead-associated decrements in IQ may be markers for other neurobehavioural effects (attention deficit hyperactivity disorder, reading delays,
executive dysfunction, fine motor deficits).
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4.2.2.2 Available Toxicity Reference Values and Hazard Classifications for Lead

A toxicity reference value (TRV) represents an exposure concentration or a dose of a
contaminant that is used as a benchmark for characterizing the risk of the occurrence of an
adverse effect. In general, chemicals may be categorized into two groups based on the
characteristics of their toxic responses — threshold and non-threshold toxicants. In some
instances, chemicals may cause both threshold and non-threshold effects. The concept of a
threshold implies that there is a dose or level of exposure below which adverse effects are not
expected to occur. For non-threshold chemicals, adverse effects may occur at any level of
exposure, with the likelihood or magnitude of the effect increasing with increasing exposure.
The development of health-based environmental quality guidelines typically includes
consideration of TRVSs.

Tabulated summaries of the available TRVs provided by various agencies included in the
search are provided within Appendix B. The majority of the regulatory agencies included in this
review do not currently list TRVs for lead. This is in part due to the evolution in the
understanding of the toxicity of lead, where previously developed TRVs are no longer
considered to be applicable and the body of evidence is under review by regulatory agencies.
Also, lead exposure is most effectively evaluated by total exposure from all routes combined
(e.g., as assessed by biomarkers such as BLLS) as opposed to route-specific approaches (e.qg.,
distinct TRVs for oral and inhalation routes of exposure).

Limits developed by agencies and organizations that evaluate workplace and occupational
exposures have not been included in this review to allow for a focus on information relevant to
public health. Further, the discussion is also focused on oral-based values rather than
inhalation. A select number of recently derived values that are based on evaluating lead on an
incremental basis are discussed below.

The Joint Expert Committee on Food Additives and Contaminants (JECFA) of the WHO
concluded in 2011 that their previous threshold-based approach to evaluating lead was no
longer supported and withdrew their provisional weekly tolerable weekly intake (TWI) (JECFA,
2011). Based on a review of the literature pertaining to lead intake from foods (EFSA, 2010),
JECFA (2011) concluded that a chronic lead dose of 0.3 pug/kg-day is associated with a 0.5-
point population decrease in 1Q in children. It was also noted that a chronic dose of 1.9 pg/kg-
day is associated with a population decrease of 3 1Q points, and a 1-point decrement in IQ may
reasonably be associated with a BLL of 2 ug/dL. Population-based decrements were
considered to be more applicable than individual-based decrements, as an overall shift of the
population 1Q would result in notable changes in the percentage of individuals within the
population with 1Q scores below 100 (i.e., equivalent to the population average).

The California Office of Health Hazard Assessment (OEHHA, 2007) has developed a child-
specific health guidance value for lead, where an incremental change in blood lead of 1 pg/dL
does not necessarily represent a safe exposure level, but represents a lead exposure that would
result in a decrease of 1 1Q point. The California Department of Toxic Substance Control has
developed a spreadsheet-based model that can be used to estimate BLLs from various routes
of exposure, using the child-specific benchmark of an incremental change in blood lead of 1
pg/dL (CDTSC, 2019, CDTSC and HERO, 2019).

Wilson and Richardson (2013) and SNC Lavalin (2012) recommended that based on the
chronic lead dose of 0.3 pg/kg-day identified as being associated with a 0.5 decrement in
population 1Q by JECFA (2011), and the use of 1 1Q point (rather than 0.5 1Q point) as

demonstrated by the California OEHHA (2007), that a daily lead dose of 0.6 pg/kg-day is
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associated with a decrement of 1 I1Q point in the population. It is noted by SNC Lavalin (2012)
that this value should be considered as a de minimis population level effect which could likely
never be detected in an individual child. For the protection of women of childbearing age, the
de minimus dose of 0.6 ug/kg-day based on IQ effects was adjusted based on differences in
absorption between adults and children following oral exposure to a value 1.5 pg/kg-day (to
ensure cord blood lead concentrations remain below 2.0 pg/dL) (Wilson and Richardson, 2013;
SNC Lavalin, 2012). For adults, SNC Lavalin (2012) and Wilson and Richardson (2013)
identified that a chronic lead dose of 1.3 pg/kg-day is associated with a population increase in
systolic blood pressure (the most sensitive health indicator in non-childbearing adults) of 1 mm
mercury (Hg).

One of the most recently derived TRVs arose from a review by Health Canada in support of the
revised lead drinking water quality guideline (Health Canada, 2019a). Health Canada (2019a)
states that the lowest BLL associated with adverse neurodevelopmental effects cannot be
identified, and as a result, a non-threshold approach using low-dose linear extrapolations should
be used. Specifically, Health Canada (2019a) identified a benchmark dose (BMD) of 0.4 ug/kg
bw-day (representing an external oral dose). This value was obtained from physiologically-
based pharmacokinetic (PBPK) and blood lead modelling completed by the EFSA (2010) as
part of an assessment of lead in food. Data from Lanphear et al. (2005) were analysed by
EFSA (2010) and the BLL associated with a 1% response threshold from BMD analysis was
identified as 1.2 pg/dL. This 1% response threshold corresponds to a change in population 1Q
equal to 1 point (after 1Q tests were normalized to a mean of 100). The EFSA (2010) then
employed blood lead models and determined that a BLL of 1.2 pg/dL was associated with a
daily intake ranging from 0.4 to 0.6 pg/kg bw-day (depending on the model used). Health
Canada (2019a) notes that it selected the lowest value in the range as a point of departure
(POD) for the drinking water guideline derivation, which was based on the US EPA'’s Integrated
Exposure, Uptake, and Biokinetic (IEUBK) model. As a linear extrapolation was used, no
uncertainty factors were applied to the POD (Health Canada, 2019a).

Several uncertainties have been noted in the use of 1Q scales as a means of evaluating
developmental lead neurotoxicity:

o Global tests, like IQ scale tests, may not adequately capture deficits in certain types of
brain function as they were not developed for the purposes of neurotoxicity assessment
(EFSA, 2010). It has been estimated that there is an approximate error rate resulting in
a plus or minus 3-point 1Q variability in child 1Q tests (Wilson and Richardson, 2013).

e There are numerous potential environmental confounding factors that can also impact IQ
in children, including: socioeconomic status (+12 IQ points), parental education (+15 1Q
points), attendance at an enriched pre-school (+15 IQ points), breast feeding (+3 to +5
IQ points), iron deficiency (-6 1Q points), elevated iodine in drinking water (-9 1Q points),
iodine deficiency (-12 IQ points), methyl mercury exposure resulting in 10 ppm hair
concentrations (-2 I1Q points), and organophosphate insecticide exposure resulting in
urinary levels of 10-times normal levels (-1 to -6 1Q points) (Wilson and Richardson,
2013).

Further, the design of the epidemiological studies that comprise the human evidence for lead
toxicity are of varied design (observational, cross-sectional, retrospective or prospective) and
can contribute significant variability to the overall dose-response data for lead (EFSA, 2010).
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Thus, the use of a benchmark dose based on a 1-point decrement in I1Q is associated with a
potentially high degree of variability, which must be considered in the interpretation of potential
lead exposure risks.

4.2.2.3 Lead in Soils — Comparison of Soil Quality Guidelines Across Jurisdictions

Lead is relatively immobile in soils and has been observed to accumulate in the shallow soil
layers, with limited to no degradation (UK DEFRA, 2014). Sections 4.2.2.3.11t0 4.2.2.3.3
describe guidance from various jurisdictions regarding lead soil quality guidelines. Strategies
used by jurisdictions to evaluate and mitigate elevated exposures are discussed in Section
4.2.3.

42231 Soil Quality Guidelines in Canada

The available lead guidelines from Canadian Provinces and Territories were searched and
compared. In many instances, Canadian jurisdictions rely on the current guidelines for lead in
soil from the CCME. The only identified exceptions included British Columbia and Ontario.
Summaries of the available soil quality guidelines for the protection of human health for various
land uses from different Canadian jurisdictions that are not based on the CCME guidelines are
provided in Table 4-2. Residential soil quality guidelines from British Columbia and Ontario
(both 120 ug/g) are both lower than the CCME (1999) value of 140 ug/g. The technical basis of
the British Columbia guideline is not clear. Due to the current lack of Provincial regulatory
guidance in Ontario surrounding the selection of an appropriate TRV for lead, there is
uncertainty regarding the suitability of the Ontario Ministry of the Environment, Conservation,
and Parks (MECP) health-based guidelines for lead in soil. Due to these uncertainties, the
MECP has deemed it appropriate to compare concentrations of lead in soil to the Ontario
background soil concentration of 120 pg/g to provide a qualitative assessment of risks to human
health. Under the contaminated sites regulation (Ontario Regulation 153/04), risk assessments
are generally required to recommend that capping measures are implemented to prevent direct
access to impacted soils when concentrations of lead in surface soils exceed 120 pg/g.

The current soil quality guidelines from the CCME were derived in the mid-1990s by Health
Canada and Environment Canada and were considered to be reflective of the science available
at the time. The values for the protection of human health are based on a provisional Tolerable
Daily Intake (TDI) level, which was derived based on the assumption of a safe threshold level of
exposure (which has now been withdrawn, as the weight of evidence indicates that there is no
safe threshold). The State of the Science Review on Lead (Health Canada, 2013a) and the
recently released revised drinking water guideline for lead (Health Canada, 2019a) both clearly
state that adverse health effects have been reported at low levels of lead exposure, equivalent
to BLLs less than 5 pg/dL, and even as low 1-2 pg/dL. Health Canada (2013) concluded that
there is currently no clear threshold for developmental neurotoxicity. While the CCME (1999)
residential soil quality guideline of 140 pg/g has not been revised and thus still remains in effect,
it is clear that the current understanding of the health effects of lead has evolved, and that the
guideline must be used with a degree of caution until further review is completed. Health
Canada (2013b) noted in its summary of risk management actions for lead that the soil quality
guidelines for lead are under review. As of 2019, no draft or final documents have been issued
outlining any proposed changes.
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Table 4-2 Soil Quality Guidelines — Canada

Agency* Value Basis Reference
British Columbia, |e 120 ug/g (residential, NA Gov BC, 2019
Contaminated agricultural, wildlands)?
Sites Regulation e 150 pg/g (commercial)
4,000 pg/g (industrial)
Canadian Council | e 70 pg/g (agricultural) Soil and food ingestion CCME, 1999
of Ministers of the e 140 pg/g (residential, (agricultural); soil ingestion
Environment parkland) (residential/parkland,
(CCME) e 260 Hg/g (commercial) commercial), off-site migration
e 600 pg/g (industrial) (industrial)
Ontario Ministry of | e 45 ug/g (agricultural) Ontario background OMOECC, 2011
the Environment, e 120 ug/g (all property concentration (representative
Conservation, and uses other than of typical anthropogenic
Parks (MECP) agricultural) influences)
NA Information is not available.
* Only jurisdictions that have derived values other than the CCME (1999) values for lead are presented in this
Table.
a The residential land use standards (both 120 pg/g) are based on the assumption that the use of the land to

grow plants for human consumption and to be used as a children’s playground, sports field, picnic area or
any use by children is prohibited.

As noted previously, doses associated with population-level changes in 1Q or systolic blood
pressure have been identified and described by Health Canada (2019a), SNC Lavalin (2012),
and Wilson and Richardson (2013). To date, the BMD of 0.4 pg/kg-day identified by Health
Canada (2019a) as being associated with a change in IQ of 1 point has not been used in the
derivation of a soil quality guideline for lead. At this time, Health Canada does not have an
available TRV for lead for use at contaminated sites.

As described previously, Wilson and Richardson (2013) identified a de minimus daily exposure
of 0.6 pug/kg-day as being associated with a 1-point decline in population IQ. Using this value
and various assumptions regarding the absorption of lead from ingested soils, receptor
characteristics, exposure frequencies, and background exposures, the authors derived soil
quality guidelines for different land uses using an approach that is consistent with the CCME
guidance for non-threshold contaminants:

¢ Residential land use (for protection of toddlers): 180 ug/g;

¢ Commercial land use with play areas (for protection of toddlers): 260 ug/g;

¢ Commercial land use without play areas (for protection of adults): 8,800 ug/g;
¢ Industrial land use (for protection of adults): 8,800 ug/g.

The lowest risk-based soil concentration derived by Wilson and Richardson (2013) of 180 ug/g
for the residential land use scenario is higher than the current CCME soil quality guideline of
140 pg/g. The work by Wilson and Richardson (2013), based on the concept of an incremental
decrease in population 1Q identified by JECFA (2011), suggests that the current CCME
guidelines are conservative in their protection against detrimental neurotoxic effects in children
and blood pressure changes in adults.
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42232 Soil Quality Guidelines in the United States

Given the limited number of Canadian jurisdictions with available guidance for lead in soils, the
review was expanded to include agencies in the US. While a comprehensive review of all State
soil quality guidelines was beyond the scope of this assessment, a selection of US State
agencies was evaluated for available soil quality guidelines for lead. The states identified in
Raymond and Brown (2017) as having elevated BLLs were included in this review. The US
regions identified as having the greatest number of children with BLLs greater than 10 pg/dL in
2014 included the Eastern North Central region (n=3,157 children, with the States of Illinois and
Ohio both having more than 1,000 affected children), the mid-Atlantic Region (n=2,865, with the
States of Pennsylvania and New York having more than 1,000 affected children), and New
England (n=1,152, with the States of Massachusetts and Connecticut having the most affected
children). Children with BLLs >10 pg/dL were identified in other regions of the US as well, but at
lower numbers (e.g. Western North Central, South Atlantic, Eastern Couth Central, Western
South Central, Mountain, and Pacific) (Raymond and Brown, 2017).

While several State governments have developed their own positions on lead in soils, many
follow the US EPA soil screening level (SSL) guidance (e.g. a residential soil value of 400 ug/g).
The US EPA residential SSL value is based on evidence of developmental neurotoxic effects in
association with BLLs in the 2 to 8 pug/dL range. The current weight of evidence suggests that
adverse neurological effects in children may occur within this BLL range. It is evident from the
variation in the available guidelines that some agencies are ahead of others with respect to re-
evaluating soil guidelines in association with the weight of evidence regarding lead health
effects (US EPA, 2016; 2019). Of those included in this review (Appendix B, Section 1.3), the
States that have residential soil quality or remediation guidelines that are lower than the US
EPA residential SSL include California and Michigan.

California has derived a residential lead soil guideline of 80 ug/g, and an industrial soil guideline
of 320 ug/g (both to be compared with the 95% upper confidence limit of the mean (UCLM) for
exposed areas). These values were calculated using the LeadSpread-8 tool developed by
California DTSC (2019), which has separate worksheets for evaluating residential and industrial
land uses. If a UCLM cannot be determined, it is recommended that the PRG90 values derived
by the DTSC (representing soil concentrations that will result in a 90" percentile estimate of a 1
po/dL incremental BLL increase in a child or a fetus of a pregnant adult worker at an industrial
site) be used from LeadSpread8 (CDTSC, 2019). The LeadSpread8 maodel for children includes
a number of exposure parameters that are modifiable, and the model is capable of estimating
percentile estimates of BLLs. For adults, LeadSpread8 is a modified version of the US EPA
Adult Lead Model (ALM) (CDTSC, 2019).

The Michigan Department of Environmental Quality (MDEQ) has developed a residential clean-
up value of 40 pg/g for lead, and a non-residential clean-up value of 90 pg/g. The residential
value is based on a BLL of 5 ug/dL or less and is protective of prenatal and postnatal
exposures. The non-residential exposure clean-up value of 90 pg/g is intended to be protective
of a pregnant worker (MDEQ, 2018).

Additional information regarding the available US soil quality guidelines and associated
resources are provided in Appendix B.
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42233 Soil Quality Guidelines - International

Australia and New Zealand have developed guidelines that differentiate between high-density
residential and low-density residential, and level of consumption of garden produce.

The current Australian soil guidelines for lead are based on the protection of a 10 pug/dL BLL,
with the guidelines for residential areas being 300 ug/g. It is apparent that the evidence
evaluated by the Australian NHMRC (2014, 2015) is still under review with respect to the
modification of the soil quality guidelines. In contrast, the New Zealand Ministry of Health (NZ
MOH) released a document outlining environmental case management of lead-exposed
individuals. Within this document are several risk-based soil contaminant standards, with the
lowest value of 160 pg/g derived for rural residential areas with a higher level of local garden
produce consumption (NZ MOH, 2012). Additional information regarding the guidelines from
Australia and New Zealand is provided within Appendix B.

A summary of the available European guidelines for lead is presented in Appendix B.

In many instances, it was not possible to identify the technical basis of the values, nor is it
particularly clear what the differences are between ‘warning SSLs’ and ‘unacceptable SSLs’ or
how they should be applied. It does appear that some jurisdictions (e.g., Denmark, Germany)
have adopted the US EPA SSL of 400 ug/g. Many other European countries have residential
soil quality guidelines higher than 400 pug/g. However, some of the more recently derived values
are reflective of the conclusion that there is no clear threshold of effect for lead. The United
Kingdom Department of Environment Food and Rural Affairs (DEFRA 2014a,b) derived soill
guality guidelines for several land uses based on probabilistic modelling that incorporated
different exposure parameters, different BLLs (1.6, 3.5 and 5 pg/dL), and different blood lead
models (IEUBK, ALM, Carlisle and Wade). A BLL of 3.5 pg/dL was selected as being the most
defensible basis for a soil guideline. The DEFRA (2014a,b) soil quality guidelines are as
follows:

e 80 ug/g (allotments/community gardens);

e 200 ug/g (residential, with home produce consumption);

e 310 ug/g (residential, no home produce consumption);

o 630 ug/g (parks/open spaces, tracking distance to residential);

e 1,300 pg/g (parks/open spaces, negligible tracking to residential); and,
e 2,300 ug/g (commercial).

The bar graph within Figure 4-1 highlights the variability in the available soil quality guidelines
for lead across various jurisdictions. Within this Figure, the current Canadian guidelines are
presented in blue, guidelines from various US States in green, New Zealand and Australia in
orange, and various European nations in yellow. Several US States appear to have adopted
the US EPA SSL of 400 ug/g as a soil quality guideline for lead, as have some European
countries. As the US EPA SSL represents a remediation target that is associated with a BLL of
2 to 8 pg/dL, not with an incremental change or a non-threshold approach, use of this value
should be interpreted with caution.
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Figure 4-1  Comparison of Available Lead Soil Quality Guidelines

4.2.3 Soil Quality Management and Sampling Strategies for Lead

The influence of deposited lead particles on soil concentrations is typically limited to depths of
less than 5 cm due to binding of lead within the soil matrix. Surface soils containing lead pose
the greatest hazard to children as they may stick to hands and be ingested through typical
hand-to mouth activity. Surface soils may also stick to footwear, toys, and pets and contribute
to lead content in household dust (NZ MOH, 2012).

Several strategies for evaluating lead in gardens have been developed by various
organizations, and these are presented in Appendix B. Recommended protocols for general
soil sampling for the purposes of characterizing lead content are described in Sections 4.2.3.1
to 4.2.3.3.

4.2.3.1 Available Guidance - Canada

Although the CCME outlines generic soil sampling strategies for all contaminants, certain
contaminants, such as lead, require different approaches to adequately characterize potential
human health risk. In general, current guidance from the CCME (2016) notes that the definition
of surface soil includes soils from 0 to 1.5 metres below ground surface (mbgs). However,
when assessing direct contact pathways in HHRAS, the most relevant soil depth tends to be
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less than 5 cm provided that soils are not subjected to gardening, tilling, or excavation (where
soils of greater depths may be more applicable) (CCME, 2016).

Toronto Public Health (TPH) (2011, 2012) has developed guidance for assessing soils within
urban gardens (including allotment gardens where parcels are cultivated individually, and
community gardens where the entire area is tended to collectively by a group of people). Their
approach consists of four steps: establishing a level of concern, sampling and testing of soll,
interpretation of soil results using certain soil screening values, and risk mitigation. The level of
concern of the site (low, medium, high) is based on the findings of a site visit and a review of the
site history (current and past use, any requirements necessary under existing contaminated site
frameworks), with soil testing recommended for medium or high levels of concern (see
Appendix B for additional information).

The TPH developed a short-list of common soil contaminants, of which lead is one, and derived
urban gardening soil screening values and a risk management framework based on the
concentration in soil relative to these screening values. For lead, the two screening values are
34 ug/g and 340 ug/g. Within the TPH framework for urban soils, this indicates that for soils
with lead concentrations less than 34 ug/g, only good gardening practices are recommended
(hand washing, produce washing). However, if soil lead concentrations are between 34 ug/g
and 340 ug/g, various exposure reduction strategies are suggested (see Appendix B). At soll
concentrations above 340 ug/g, it is recommended that in addition to good hygiene practices
and dust reduction measures, exposure opportunities be eliminated through the construction of
raised bed gardens or containers with the addition of clean soil and organic matter on a regular
basis, or restricting crop types to only nut and fruit trees (TPH, 2011).

4.2.3.2 Available Guidance — United States

The US EPA (2003) Superfund program has developed a handbook for evaluating lead-
contamination at residential sites. It outlines details regarding recommended hazard
communication, education and remediation, as well as sampling protocols.

According to these guidelines, composite samples should be of equal amounts of soil, and be
collected at 6-inch (approximately 15 cm) depth intervals (e.g., 0 to 6 inches, 6 to 12 inches, 12
to 18 inches, and 18 to 24 inches). Initial sampling for lead contamination should be completed
to at least a depth of 18 inches (45 cm) but less than 24 inches (60 cm). In addition to these
composite samples (which define the vertical extent of lead contamination), surface soll
composites should be collected from the 0 to 1 inch (0 to 2.54 cm) depth for HHRA purposes
from every area within the identified zone of contamination (US EPA, 2003). The top inch of soil
“best represents the current exposure to contaminants”, while the depth intervals are useful for
planning soil remediation (US EPA, 2003).

For residential properties with a total surface area of less than 5,000 ft?, five-point composite
samples should be collected from each of the following areas: front yard, backyard, and side
yard. Four-point composite samples should also be collected along the drip zone? of each
residence. Additionally, discrete soil samples should be collected from play areas, gardens,
unpaved driveways, and minimal use areas (crawlspaces, under porches). The locations of
each aliquot should be as evenly spaced as possible (US EPA, 2003). For larger properties (>
5,000 ft?), the property should be divided into four (4) equally sized quadrants (with respect to

! Drip zone is the area, typically within 1-2 m of a house, where rainwater may run off structures onto the soil.
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surface area), with five-point composites collected from each quadrant, in addition to four-point
composites of the drip zone around the building structure (US EPA, 2003). When evaluating the
potential for lead exposure at a property, the US EPA (2003) recommends that exposures via
drinking water and household dust also be evaluated, in addition to outdoor sails.

The US EPA Superfund Program Technical Review Workgroup for Metals and Asbestos (US
EPA, 2007) has also released a guidance document for using the IEUBK for lead in soils. The
IEUBK is a commonly used model for evaluating BLLs in association with environmental
exposures. Within this document (US EPA, 2007), it is noted that soil lead exposure point
concentrations used to estimate BLLs should be focused on soil samples collected from the O to
1 inch (0 to 2.54 cm) depth range, unless future use scenarios involve potential excavation of
deep soils (e.g., basements) in which case additional depths should be added (US EPA, 2007).

A recent memorandum from the US EPA (2016) outlined several recommendations regarding
the management of lead in soils, including the following:

¢ The IEUBK model should be used for determining soil screening levels for residential
areas, while the most current version of the Adult Lead Methodology (ALM) model be
used for identifying soil screening levels for commercial and industrial sites. It is
emphasized that soil screening levels are not remediation goals or clean up levels and
should not be used to designate sites. As of May 2019, the SSL for lead is 400 pg/g, a
concentration identified by the US EPA as being associated with a hazard index (HI) of 3
for a child, and represents an upper, target risk level (US EPA, 2019).

e Any variations within the models or the incorporation of site-specific bioavailability should
be noted. If lead bioavailability is evaluated, the EPA in vitro bioaccessibility assay
should be consulted, particularly when deriving site-specific clean up levels.

e Multiple sources of lead should be considered at sites with lead impacts, and
governments should work together to reduce exposure to lead.

¢ Resources should be prioritized for the investigation and assessment of lead at federal
sites, using a risk-based approach, and in collaboration with local, state and federal
agencies.

In 2014, a US EPA guidance document for soils used for gardening was developed based on
the potential need for mitigation measures for soils with lead concentrations below the SSL of
400 pg/g. Concentration ranges were derived, taking into consideration:

¢ Direct ingestion of lead within the matrix of garden produce;

¢ Ingestion of lead in soil on the surfaces of garden produce;

¢ Incidental ingestion of soil during gardening; and,

e Incidental ingestion of lead after being tracked into a residence.

Additional information regarding the US EPA (2014b) guidance for gardening is provided in
Appendix B.
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4.2.3.3 Available Guidance — International

The New Zealand Ministry of Health (NZ MOH) has developed a protocol for lead sampling in
various media in relation to environmental case management. With respect to soil sampling, it
is recommended that samples be collected from the following areas:

e Outdoor play areas;

e Sand pit/sand boxes;

e Vegetable gardens;

e Areas of soil readily tracked into house;

o Areas most likely to be contaminated (e.g. lead paint hot spots);

¢ Bare soil within one metre of lead-painted surfaces and areas from current or past
renovation; and,

¢ Dusts from paths, patios, or concrete strips adjacent to the house (particularly if located
adjacent to past or present lead-based paint hazards).

Hot spots of lead contamination in soils typically occur within 1 to 2 m of the painted surface,
although past dumping or burning of building materials containing lead-based paints can occur
at distances from the structure. Exterior dusts may also be impacted with lead from these
sources (NZ MOH, 2012).

The NZ MOH (2012) recommends that multiple samples should be collected for each location
and made into a composite. Unless core samples are taken and analyzed, all samples should
be taken from the top 3 to 5 cm of soil. However, older soil layers of lead may be buried
beneath the top 5 cm of lead. It is recommended that core samples be checked for lead
variability at various depths (NZ MOH, 2012).

4.2.4 Blood Lead Intervention Strategies

Blood lead is the most widely used biomarker of short-term lead exposure and is used to identify
individuals with elevated exposures. The US CDC's current recommended intervention level is
5 pg/dL (US CDC, 2019). In adults, the measurement of lead in bone by X-ray fluorescence
(XRF) is used for a more accurate estimate of long-term exposures (ATSDR, 2019).

Lead exposure is an issue that affects all countries and represents a significant public health
challenge. Brief summaries of strategies used by various governments to address public health
concerns are outlined below, along with examples of existing approaches used by different
agencies for the surveillance of lead. The approaches identified in a review of available
documents from jurisdictions in Canada, the US, and international agencies are summarized in
Sections 4.2.4.1t0 4.2.4.3.
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42.4.1 Approaches to Blood Lead Intervention in Canada

In 2013, Health Canada completed a comprehensive review of the most recent state of the
science on lead; however, it has not updated the blood lead intervention level of 10 pg/dL since
that time. The supporting documentation for the recently revised drinking water guideline for
lead developed by Health Canada (2019a) noted that adverse neurodevelopmental effects in
children have been reported in association with BLLs less than 5 pg/dL.

No information regarding mandatory blood lead reporting and tracking was identified during this
review for Canadian jurisdictions, other than Quebec. This is consistent with a presentation
made by Public Health Ontario in 2016, where it is noted that Quebec is the only province with
such programs for non-occupational exposures (Public Health Ontario, 2017). It is also noted
within a jurisdictional review completed as part of a study by the City of Hamilton (2011b) that
this is due to the relative infrequent reporting of lead intoxication in Canada and cost-benefit
implications.

In Quebec, lead exposure is considered to be a reportable disease of chemical origin.
Physicians are required to report the results to regional public health authorities in order to help
identify and reduce sources of exposure (Government of Quebec, 2018). As noted previously,
blood lead data are collected along with various other details across Canada as part of the
Canadian Health Measures Survey assessment. However, the intent of this sampling is to
determine baseline levels of chemicals in the Canadian population, to aid in the setting of future
priorities, and to evaluate the effectiveness of health and environmental risk management
activities (Health Canada, 2019b).

The British Columbia CDC (BC CDC, 2014) is considering making the reporting of blood lead
analysis mandatory for all laboratories operating in the province as part of the notifiable disease
provisions outlined in the Public Health Act. In a recently released document, the British
Columbia CDC (2014) notes that making reporting of blood lead analysis mandatory would have
the following benefits:

¢ Promote understanding of the circumstances under which blood lead tests in the
province are being requested,;

¢ Permit analysis of patterns in blood lead testing frequencies by age, time and area, and
also in patterns of atypically high levels of lead in blood; and,

e To identify individuals who require further assessment and exposure management, and
to help identify other individuals with atypical exposures.

Some recommendations that were made by the British Columbia CDC (2014) with respect to
lead surveillance activities included:

¢ Evaluation of historical blood lead data from the same laboratories included in the study
(specifically 2005-2008 and after 2010) to evaluate trends over time;

e To examine the blood lead data with a finer level of detail with respect to geographical
locations, particularly within the region with the greater number of elevated BLLs (e.g.,
Interior Health region);

e To incorporate environmental monitoring data in effort to identify areas where people
may be more likely to be exposed to lead in the environment, and to compare these
environmental data with blood lead data;
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e Incorporate socio-demographic data with blood lead data to identify potential
vulnerabilities and risk factors;

e To explore linkages with other data sources, including the establishment of an
administrative cohort using health services data utilization where BLLs are elevated, in
order to evaluate the burden of lead exposure on provincial health care services;

e Compare blood lead test results and population testing rates between billing sources
(e.g., provincial health insurance vs. occupational programs vs. existing targeted
screening programs);

e Compare results with the British Columbia Drug and Poison Information Centre Data to
examine BLLs in specific areas where calls to the Centre originate; and,

e To follow up on elevated BLLs and mitigate exposure.

Blood lead monitoring within municipalities is conducted in response to concerns from public
health personnel. A complete search of all urban studies of blood lead was not completed.
However, certain recent reports of potential interest to the Government of Manitoba were
identified in other jurisdictions (Sections 4.2.3.2 and 4.2.3.3). In addition, several case studies
conducted in urban and industrial areas that included blood lead monitoring and various types of
interventions are described in Section 4.2.5.

4.2.4.2 Approaches to Blood Lead Intervention in the United States

In December 2018, the US issued an Executive Order accompanied by an action plan regarding
the reduction of childhood lead exposures and associated health impacts (Gov US, 2018). lItis
intended to serve as a ‘blueprint’ for exposure reduction and requires collaboration between all
levels of government as well as property owners, businesses and parents. The action plan
document was authored by a Presidential Task Force following an in-depth stakeholder
consultation effort. Four (4) primary goals were set by the group (additional information
regarding these goals are provided in Appendix B):

1. Reduce children’s exposure to lead sources;
2. ldentify lead-exposed children and improve their health outcomes;

3. Communicate more effectively with stakeholders, promoting lead prevention and
monitoring education; and,

4. Support and conduct critical research to inform efforts to reduce lead exposures and
related health risks.

In April 2019, a status report on the Federal Action Plan was released, outlining the various
actions that have taken place in relation to each goal. Revisions to the existing dust level
standards for lead were announced on June 21, 2019 (i.e., reduce the dust-level hazard
standard (DLHS) for lead in floor dust from 40 pg/ft? to 10 ug/ft?, and the DLHS for lead in
windowsill dust from 250 ug/ft? to 100 pg/ft? (Gov US, 2019).

The US CDC Childhood Lead Poisoning Prevention Program (CLPPP) recommended that all
children be tested at least once for blood lead, which resulted in the analysis of data provided
voluntarily by several different State governments. In 2012, the ACCLP recommended that all
children who have a BLL of 5 pg/dL or more undergo further monitoring and intervention
(ACCLP, 2012). It was recommended that historical information on where children with

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 98



O

intrinsik

elevated BLLs live or have lived is shared with authorities so that resources for environmental
testing and evaluation can be deployed. The CDC (2019) provides a summary of actions for
various BLLs in children (Table 4-3). A key component of effective BLL surveillance is the
mandatory requirement for laboratories to report all BLL results to state health departments.
Also important are intensive efforts to identify and provide services to children with elevated
BLLs, such as appropriate medical, nutritional, environmental and educational interventions.
Primary prevention strategies such as controlling or eliminating sources of lead are noted to be
the only effective means of preventing adverse neurodevelopmental and behavioural effects
associated with lead exposure (ACCLP, 2012). It was recommended that children with
cognitive or behavioural problems associated with lead exposure receive support that is aimed
at improving academic performance.

Table 4-3 Summary of Current US CDC Recommendations for Follow-up and Case
Management of Children Based on Confirmed Blood Lead Levels
Confirmed Blood Lead Level®P
<5 ug/dL 5—-9 ug/dL 10 -19 ug/dL 20-44 ug/dL 45 — 69 pg/dL >70 pg/dL
Routine Routine Routine Complete medical Complete Hospitalization,
assessment of | assessment of | assessment of history and physical | medical history commencement
nutritional and | nutritional and | nutritional and exam. and physical of chelation
developmental | developmental | developmental exam. therapy in
milestones milestones milestones. Neurodevelopmental consultation
assessment. Complete with a medical
Anticipatory Environmental | Environmental neurological toxicologist or a
guidance assessment of | assessment of Environmental exam, including | pediatric
about detailed detailed history investigation of the neuro- environmental
common history to and home and lead developmental health speciality
sources of identify environmental hazard reduction. assessment. unit.
lead exposure | potential investigation
sources of including home Lab work for iron Environmental Proceed with
Follow up lead exposure. | visit to identify status, hemoglobin investigation of additional
blood lead potential sources | or hematocrit. the home and actions
testing at Nutritional of lead lead hazard according to
recommended | counselling exposure. Abdominal X-ray reduction. interventions for
intervals related to (with bowel the 45-69 pg/dL
based on calcium and Nutritional decontamination if Lab work for iron | category.
child’s age®. iron intake. counselling indicated). status,
related to hemoglobin or Lab work for
Follow up calcium and iron | Follow up blood lead | hematocrit. iron status,
blood lead intake, consider monitoring at hemoglobin or
testing at lab work to recommended hematocrit.
recommended | evaluate iron intervals®. Abdominal X-ray
intervals status. (with bowel
based on decontamination
child’s age®. Follow-up blood if indicated).
lead monitoring
at recommended
intervals®.
a Confirmed BLL is defined by the CDC as being one venous blood test or two capillary blood lead tests
drawn within 12-weeks of each other (CDC, 2019).
b Recommended schedules for obtaining a confirmatory venous sample: BLL 5-9 pg/dL — 1 to 3 months;

BLL10-44 pg/dL — 1-week to 1-month; BLL 45 — 59 pg/dL — 48-hours; BLL 60-69 pg/dL — 24-hours; BLL >

70 urgently (CDC, 2019).

¢ Recommended schedules for follow up blood testing: BLL 5-9 pg/dL —6 to 9 months; BLL 10-19 pg/dL — 3
to 6 months; BLL 20-24 — 1 to 3 months; BLL 25 — 44 — 1-month; > 45 pg/dL — as soon as possible. Due
to seasonal variation in BLL in colder climates, greater exposure potential in warm months may require
more frequent follow-up samples. For new patients, it may be of value to repeat blood tests within 1-
month for BLL < 25 pg/dL but > 5 pg/dL to ensure that BLL is not rising (CDC, 2019).
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Several US States have implemented their own BLL testing programs. In California, testing of
children is not mandatory, however, the reporting of all blood lead results (for adults and
children) by laboratories (along with personal details) is mandatory. California has established a
Childhood Lead Poisoning Prevention Program, which is charged with compiling all test data,
and analyzing this information with respect to prevalence, causes, and geographic occurrence
of elevated BLLs (Leg Cal, 2019a). It is also required that every health care service plan that
provides group coverage for hospital, medical, or surgical expenses must offer comprehensive
preventative care for children 17 years and under, including blood lead screening for children at
risk of lead poisoning (Leg Cal, 2019b). In addition, the State has requirements for lead-safe
housing, accredited service providers for lead testing and abatement, occupational standards,
and standards for the presence of lead in plumbing, food and consumer products (CDPH,
2018). As noted previously, the California OEHHA (2007) has developed a child-specific health
guidance value for lead — an incremental change in blood lead of 1 pg/dL in relation to
exposures from a specific location, which is used as an alternative to the 10 pg/dL used
previously. However, a change in blood lead of 1 pg/dL does not necessarily represent a safe
exposure level, but rather is based on a lead exposure that would result in a decrease of 1 1Q
point (OEHHA, 2007). The California Department of Toxic Substance Control has developed a
spreadsheet-based model that can be used to estimate BLLs from various routes of exposure.
Using the child-specific benchmark of an incremental change in blood lead of 1 pg/dL, risk-
based soil quality guidelines were derived (CDTSC, 2019, CDTSC and HERO, 2019).

In the State of New York, public health law and regulations require that all health care providers
test all children 1 year of age for blood lead, and again at 2 years of age. Using standardized
guestionnaires, all health care providers must assess children ages 6 months to 6 years at
every routine visit for lead exposure potential (NYSDOH, 2019). Additional blood testing is
conducted if there are positive responses regarding potential lead exposure sources. It was
also recommended that all foreign-born children less than 16 years of age be tested upon arrival
in the US and again during a period of three to six months after they obtain permanent
residency status. In the event that lead exposure is suspected, regardless of the answers to the
guestionnaire, blood lead testing should be completed. For children with BLLs between 5 and 9
Ho/dL, additional testing within three to six months is recommended, especially if the child is
less than 2 years of age, or if BLLs have increased or the child is considered to be high-risk.
The child should also be monitored for developmental and behavioural problems. For children
with BLLs above 10 pg/dL, various additional interventions are recommended, including
exposure assessment, nutritional assessment, educational efforts, or hospitalization (NYSDOH,
2019).

In Michigan, in response to a high rate of lead toxicity cases in children, a Plan of Action was
developed by a Commission and presented to the legislature (CLPPCC, 2007; 2009). The first
priority identified by the Michigan Childhood Lead Poisoning Prevention and Control
Commission was to eliminate lead hazards from all Michigan homes and daycares used by
children under the age of 6 years. The emphasis of this effort was on lead paint remediation in
buildings constructed before 1978. A recommendation was made for all children residing in ZIP
codes with a history of high BLLs to be tested on a mandatory basis (CLPPCC, 2007). By 2009,
the number of BLL tests in children increased by over 1,000, however, testing decreased in
some of the high-risk communities (MCLPPCC, 2007). Blood lead data for children in Michigan
are available for those covered by Medicaid, as children in this program must be tested for lead
exposure at ages 1 or 2 years, or 3 through 5 years (Gomez et al., 2019).
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In light of a recent drinking water contamination event in the City of Flint, Michigan?, BLLs of
children are being closely evaluated and the Governor of Michigan created the Child Lead
Poisoning Elimination Board by way of an Executive Order in 2016 to develop a ‘roadmap’ to
eliminate childhood lead poisoning (State of Michigan, 2016). A study by Gomez et al. (2019)
determined that between 2006 and 2016, there was an overall 72.9% decrease in the
percentage of children with BLLs greater than 5.0 pug/dL, suggesting that public health efforts to
reduce lead exposure had been successful. However, a key finding of the Child Lead Poisoning
Elimination Board was that overall blood lead screening rates for children in the State were low,
and the Michigan Department of Health and Human Services (MDHHS) lacked the infrastructure
and funding to adequately manage workload and follow-up services. The Board made several
recommendations to the State Governor regarding improved childhood lead management
including (but not limited to) improved testing rates for all children ages 9 to 12 months and 24
to 36 months, reporting of all BLLs greater than 5 pg/dL, improved communication, coordination
and information management between agencies, and promotion of public education to the
public and health care providers (State of Michigan, 2016). It is not clear at this time how many
of the recommendations have been adopted by the State Government as law or policy.

The State of Alaska recommends and provides universal blood testing to all Medicaid-eligible
children in the State, and all blood lead test results must be reported to the Alaska Section of
Epidemiology which monitors test results in a database. Follow-up telephone interviews are
also completed as required to identify exposure sources. These measures were implemented
to help identify at-risk children and exposure sources within communities (Bressler et al., 2019).
For example, between 2011 and 2018, it was identified that the exposure sources associated
with elevated BLLs in Alaska (children ages 0-72 months) included: parental occupation, food
and water consumption, pre-1978 housing or current home renovations, pica or mouthing
behaviours, and exposure to fishing weights, lead ammunition or firearms and household
objects (Bressler et al., 2019).

All children within the State of Maine who are eligible for Medicaid are required to have a blood
lead test (venous or capillary) between the ages of 1 and 2 years, and children without Medicaid
are required to have blood testing if they are identified as being at risk. All children with BLLs of
5 pg/dL or above receive a phone call from the Maine Childhood Lead Poisoning Prevention
Unit to collect additional information, and to set up licenced environmental lead inspections of
homes. Lead paint-related dust hazards were identified in 79% of the homes with children who
had elevated BLLs in the State between September 2016 and March 2018. For BLLs above 10
Hg/dL, exposure was not clearly related to one source, but identifiable lead sources were noted
in these households. In children with BLLs between 5 and 9 pg/dL, the lead hazards were
found to be generally less severe and fewer in number, and consisted primarily of dust-related
hazards (Cluett et al., 2019).

In Washington State, the Governor recently made a Directive to the Department of Health with
several recommendations for improvement based on the recognition of there being no safe level
of lead exposure (WSDOH, 2016 — see Appendix B for additional details). As of October 2018,
it is recommended by the Washington State Department of Health (WSDOH) that all healthcare

2 Approximately 140,000 individuals within the City of Flint Michigan were exposed to lead and other contaminants
in drinking water as a result of a change in water source without proper corrosion control treatment to prevent
lead release. The Flint crisis triggered the involvement of the US government, and follow-up activities by multiple
levels of government. The situation also highlighted the necessity of risk communication, environmental health
infrastructure, improved surveillance and primary prevention (Ruckart et al., 2019).
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providers educate the parents of children ages 6 months to 6 years regarding lead exposure
during routine check-ups and complete blood lead testing at 12 and 24 months of age based on
risk level (additional information within Appendix B). In the event of a positive response, or
where the answer was not known, it was recommended that blood lead testing be completed.
Testing might also be recommended if parents have concerns, if children live within a kilometer
of an airport or lead-emitting industry or orchard, if a child has pica behaviour, or if a child is
affected by neurodevelopmental disabilities (such as autism, attention-deficit hyperactivity
disorder or learning delays) (WSDOH, 2018). Follow-up testing is recommended after 1 year of
the first test for children with BLLs less than 5 pg/dL, within 1 to 3 months if the first result is
between 5 and 14 pg/dL, within 1 to 4 weeks if between 15 to 44 ug/dL, and within 48 hours if
the BLL was greater than 45 pg/dL (WSDOH, 2018). Venous samples are preferred over
capillary samples, unless adequate care is taken to clean and prepare the finger before testing.
Initial samples that are capillary should be followed up with venous samples (WSDOH, 2018).

4.2.4.3 Approaches to Blood Lead Intervention - International

Outside the US, the approach for intervention varies. In New South Wales, Queensland,
Tasmania and Victoria, laboratories must notify public health authorities when BLLs exceed 10
Hg/dL. Elevated BLLs were not considered to be notifiable conditions within the Australian
Capital Territory, the Northern Territory or South Australia as of the 2015 NHMRC report.
However, in the event that an elevated BLL is identified by a doctor, referral to a public health
practitioner or environmental health office is recommended in these areas. In Western
Australia, the approach is less clear, with medical practitioners only having to notify public
health authorities in cases of ‘lead poisoning’ (NHMRC, 2015).

From the available information, blood lead monitoring is not mandatory in the United Kingdom or
mainland Europe.

425 Case Studies of Lead in Urban and Industrial Areas

Several case studies where historical or current lead emissions have been identified in
association with elevated BLLs in children are described in this Section, with an aim of
identifying the most effective strategies used to mitigate lead exposure to children. Focus was
given to communities in Canada, the United States, or Australia.

4.2.5.1 Flin Flon, Manitoba

The Hudson Bay Mining and Smelting Co. (HBMS) operated a fully functional mine and base
metal smelting complex in Flin Flon, Manitoba commencing in the 1930s. As a result of
historical activities at the HBMS facility, various government agencies and independent
researchers completed numerous studies considering the content of smelter-related metals in
the environment within the surrounding area. In August 2006, Manitoba Conservation
conducted soil sampling to determine the concentration and potential distribution of metals and
other elements in the surface soils of Flin Flon and the adjacent community of Creighton,
Saskatchewan. The Manitoba Conservation report “Concentrations of Metals and Other
Elements in Surface Soils of Flin Flon, Manitoba and Creighton, Saskatchewan, 2006” was
published in July 2007 (Manitoba Conservation, 2007). This report recommended further study
to better understand potential health risks for people living in the Flin Flon Area related to the
HBMS smelter emissions. The Flin Flon Soils Study arose out of this recommendation.
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The Flin Flon Soils Study, initiated by HBMS in July 2007, included several components
designed to better understand the nature of facility emissions and soil conditions in the area,
and to determine if exposure to these metals and elements posed an increased health risks to
residents and visitors. The components of the study included:

e supplemental environmental data collection (residential soil, indoor dust, drinking water,
ambient air, fish, surface water, sediment, blue berries, snow);

e an extensive HHRA conducted in 2008; and,

e an evaluation of children’s exposure (through biomonitoring) to lead, inorganic arsenic,
and inorganic mercury conducted during Fall 2009. Blood lead data from this study are
provided in Table 4-4.

Based on the findings from the HHRA and the evaluation of exposure, recommendations were
made in 2010 to undertake efforts to reduce children’s exposure to lead. Based on these
recommendations, further efforts were made by HBMS and governmental authorities. This
included a public health awareness campaign that targeted (i) parents and children to improve
the frequency and quality of handwashing among children; and, (ii) homeowners and
contractors undertaking renovations to ensure proper training, procedures and clean-up
(including making high-efficiency particulate air (HEPA) vacuums available for rental/borrowing
as needed). Other efforts included continuation of an HBMS program of progressive
remediation and re-vegetation of the area in and around the Flin Flon metallurgical complex, as
well as a sustained effort by HBMS to continue with operating practices and procedures aimed
at minimizing dust emissions from the Flin Flon Metallurgical Complex. These reduction efforts
were emphasized in areas such as the metallurgical operations, tailings facility, etc. HBMS
continued to make other environmental improvements within its operations, such as the paving
of in-plant roads and material handling upgrades to help improve ambient air quality. There
were operational changes in the three (3) years following the original exposure study, including
the closing of the Copper Smelter in 2010. A follow-up blood lead monitoring program was
conducted in 2012 to determine the extent to which the community BLLs of children living in the
Flin Flon Area have changed since the original exposure study. Results of this study are
provided in Table 4-4.

Table 4-4 Comparison of Child Blood Lead Levels in Flin Flon, Manitoba and
Creighton Saskatchewan in 2009 and 2012 (Intrinsik, 2013)
2009 2012 ch ]
- - - ange in
Characteristics Geometric Geometric Meang(bly
mean N Std mean N Std pg/dL)
(ug/dL) (Hg/dL)
All 2.73 202 1.84 1.41 118 1.93 -1.32
Sex
Female 2.34 93 1.63 1.23 62 1.86 -1.11
Male 3.12 109 1.96 1.65 56 1.95 -1.47
Age at Interview
Less than 24 months |5 35 48 1.94 111 30 2.17 121
(age 1)
24 to 35.99 months 3.08 33 152 1.98 17 1.64 -1.10
(age 2)
36 to 47.99 months 2.24 23 167 157 10 1.70 -0.68
(age 3)
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Table 4-4 Comparison of Child Blood Lead Levels in Flin Flon, Manitoba and
Creighton Saskatchewan in 2009 and 2012 (Intrinsik, 2013)
2009 2012 ,
Characteristics Geometric Geometric C,i;]::ng?b?
mean N Std mean N Std pg/dL)
(ng/dL) (ug/dL)
E‘:gteo j’)g'gg months 252 43 1.85 1.43 19 1.52 -1.08
?;gt:g)l'gg months 2.89 28 1.72 1.43 24 1.68 -1.46
ggfgagg months 4.04 27 1.98 1.43 18 2.44 261
Region of Residence
East Flin Flon 2.29 84 1.83 1.32 75 2.03 -0.98
West Flin Flon 3.64 43 1.67 2.11 18 1.50 -1.53
Channing 1.99 12 1.67 -- -- --
Creighton 3.02 63 1.84 1.30 24 1.75 -1.72

Comparison of the Flin Flon datasets from 2009 and 2012 revealed the following:

e All metrics of blood lead were lower in 2012 relative to 2009:

o Statistically significant decreases were noted across all subgroups evaluated,
including age, gender and region;

o0 Geometric means, upper percentile and maximum BLLs were lower; and,
0 The number of children with BLLs greater than 5 ug/dL decreased.

Mean and upper percentile BLLs for all subgroups in the 2012 dataset were less than
the intervention level established by CDC (5 pg/dL);

The geometric mean BLL (1.41 ug/dL) of all children studied in the Flin Flon area in 2012
was higher than the national (Canadian) geometric means for children in the 3-5 year
and 6-11 year age groups (geometric means of 0.77 pg/dL and 0.71 pg/dL,

respectively). Similarly, the overall geometric mean in the Flin Flon area of 1.41 ug/dL
was higher than comparable values from the US NHANES (2011-2012) data, where the
geometric mean BLLs for children ages 1-5 years and 6-11 years were 0.970 and 0.681
Mg/dL, respectively.

Other than housing age, personal factors were not associated with children’s lead
exposure levels in 2012. This included knowledge of previously implemented
intervention strategies (the hand washing campaign). This indicated limited impact of
these personal factors and intervention strategies.

Environmental factors were found to be poor indicators of BLL. It is likely that additional
factors commonly linked to BLL in children, such as socioeconomic status, represent a
greater influence on BLLs in children in the Flin Flon Area.

Consideration of the Flin Flon dataset and the available regulatory and scientific information
regarding lead intervention levels and strategies led to the conclusion that operational changes
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to the HBMS facility had resulted in a significant decrease in the levels of lead exposure for
children in the Flin Flon Area (Intrinsik, 2013).

4.2.5.2 Trail, British Columbia

A major lead and zinc smelting facility has been located in the City of Trail, British Columbia for
over 100 years. In 1975, elevated BLLs were identified in children. A follow-up study in 1989
noted that, while BLLs had declined since 1975, over 39% of the children within the community
presented BLLs above 15 pg/dL. These findings resulted in the formation of a Trail Community
Lead Task Force (TCLTF) in 1990, a group made up of representatives from provincial and
municipal governments, industry, the general population, the school district, environmental
groups, and the United Steelworkers of America. This task force was funded by the British
Columbia Ministries of the Environment and Health, Cominco Ltd. (now Teck), and the City of
Trail (TCLTF, 2001).

The report entitled “Identification, Evaluation and Selection of Remedial Options” was finalized
in 2001 and represented the conclusion of more than a dozen detailed reports and four peer-
reviewed journal articles written by staff and consultants of the Trail Community Lead Task
Force (TCLTF, 2001). This report examined the sources and pathways of lead exposure,
community blood lead trends, and provided recommendations for remedial programs.

Lead sampling inside and outside residential properties was commenced in the mid-1990s by
the Task Force. Lead concentrations in house dust and soil were found to be generally higher
in homes closer to the smelter. There was considerable evidence that the lead in air was
predominantly from current stack and fugitive emissions, rather than re-entrainment of
historically deposited emissions. The tracking-in of dust was a dominant mechanism for
transferring lead into houses, where the rate of track-in may be at least four times greater than
settling from air (TCLTF, 2001).

Interior house dust and yard soil were the dominant sources of lead exposure for children. For
children less than 18 months of age, interior house dust was the most significant source of
exposure to lead. For children aged 18 to 35 months, time spent outdoors on a daily basis and
lead concentrations in yard soil were significant predictors of their BLLs. The ingestion of dust
and soil was a greater contributor to BLLs than the inhalation of airborne lead. Drinking water,
locally grown produce, and lead paint did not appear to be significant sources of lead exposure
(TCLTF, 2001). Blood lead levels did not appear to differ between children with parents that
worked in a lead industry and those children with parents that did not; however, children with
parents who smoked cigarettes or had a dog or cat as a pet, tended to have higher BLLs.

A new lead smelter using improved technology was installed in May 1997 and reduced lead
emissions from the stacks by approximately 75%. Since the new smelter commenced
operation, the average outdoor dustfall lead loading, the average street dust lead loading, and
the indoor dustfall lead loading all decreased by 50%. After 1997, the average lead
concentration in street dust decreased by approximately 20% (TCLTF, 2001).

From 1989 to 1996, the average BLLs of children aged 6 months to 4 years (being tested for the
first time) declined at an average rate of 0.6 ug/dL/year, from 14.8 pug/dL to 11.0 ug/dL. From
1996 to 1999, the average BLL of children tested for the first time fell by 54%, from 11.0 pg/dL
to 5.1 pg/dL. The average annual rate of decline during this period was 1.9 pg/dL/year and
appeared to be attributable to the replacement of the old lead smelter in May 1997. In 2000, the
average BLL of children (being tested for the first time) increased to 6.3 pg/dL, which appeared
to be related to weather conditions (TCLTF, 2001).
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The recommendations from the Trail Community Lead Task Force (TCLTF, 2001) were for the
following actions:

Public Health Unit (Kootenay Boundary Community Health Services Society): Continue
blood lead testing of children 6 to 36 months of age, continue counseling and services
for families with children who have elevated, or risk of elevated BLLs, and continue
community and pre-school education programs about preventing and reducing exposure
to lead;

Cominco (now Teck): Pursue further reductions in facility emissions with increased
reporting to the public on plans and progress, continue greening around the Cominco
property and the community, continue environmental monitoring of air and street dust,
continue addressing soil on a case-by-case basis, and implement a new program to
advise and assist people that are doing excavation, construction, demolition or
renovation;

City of Trail: Flush and sweep the streets, continue dust control on alleys and other
unpaved areas, and continue greening of bare public areas; and,

Establishment of a Trail Health and Environment Committee to monitor, coordinate, and
advise on the implementation of the Task Force’s recommendations.

The Trail Area Health & Environment Program (THEP) is a continuous adaptive management
program that is managed by the Trail Area Health and Environment Committee (THEC), a sub-
Committee of the City of Trail, and is comprised of community members, Teck, British Columbia
Interior Health, and the British Columbia Ministry of the Environment. Public consultation
exercises were completed in 2000, 2010 and 2016 with respect to the goals of the program.

The THEP includes several program areas, with an overall aim of reducing childhood BLLs:

1.

Air Quality — includes initiatives to reduce stack, fugitive and dust emissions from the
Teck Trail operations, dust control within the community (e.g., street sweeping, dust
suppressant), on-going air quality monitoring and reporting.

Family Health — provides information and education for parents on preventing lead
exposure, and in-home visits for families with children under 12 months and expectant
families, blood lead testing for children ages 6 to 36 months of age, and support for
families with children above the typical BLL range. All programs are free and voluntary
(THEP, 2019b).

Home & Garden — includes in-home visits to expectant families and families with children
less than 36 months of age, including soil testing and recommendations on reducing
potential lead exposure, soil management plan (including replacement of residential soil
with lead concentrations above 5,000 pg/g or vegetable garden soil with concentrations
above 1,000 ug/g) (THEP, 2019b,c).

Eco-System Management — collaborative approach within the Lower Columbia region to
assess, rehabilitate, conserve and enhance terrestrial ecosystems. This program
included remediation and risk management of potential ecological risks from lead
exposure (THEP, 2019d).

Property Development Program — includes a Lead Safe Home Renovation plan, where
any homeowner or tenant in Trail or Rivervale or in the Lower Columbia Region with pre-
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1976 homes can obtain free equipment, supplies and information regarding safe
practices and waste disposal (THEP, 2019c).

Feedback from the most recent public consultation regarding THEP was collected during
September 2016 (THEP, 2016). The draft program goals presented during the 2016
consultation process for activities until 2020 included:

¢ To obtain an average (geometric mean) BLL of 3.5 pg/dL or lower for children ages 6 to
36 months in the communities of Trail and Rivervale by 2020;

e To have at least 95% of BLLs in children ages 6 to 36 months below 10 ug/dL by 2020;

¢ To achieve an annual average lead concentration in air (as measured in total suspended
particulate) in the community of 0.2 pg/m?3, with continuous improvement, by 2020;

e To have at least 75% of children ages 6 to 36 months in the communities in Trail and
Rivervale participate in voluntary blood lead testing clinics each year;

e To have continuous improvements made in the number of home renovation service
providers in Trail and Rivervale, with renovators of pre-1976 homes through the Trall
area using the Lead Safe renovation free and voluntary program; and,

e To have at least 95% participation by eligible families in the ‘Healthy Families Healthy
Homes’ voluntary program each year.

A total of 258 residents in the Trail area participated in the 2016 consultation program, which
included a 30-question survey administered via SMS text message, a website, or on paper. Of
those surveyed, 80% fully supported the draft THEP goals listed above. Approximately 79% of
respondents supported the Family Health Program goals of having an average BLL of 3.5 ug/dL
or less, and the blood lead clinic participation goal. Overall, 83% of the respondents supported
the lead air quality goals, 85% supported maintaining the residential soil testing program
priorities, 78% supported the established action levels for soil remediation with others
recommending that these action levels be lower, and 83% fully supported improvement to
participation in the Lead Safe renovation program. The 2016 consultation revealed that increase
in participation in THEP occurred between 2010 and 2016, and that many individuals had
positive experiences with the Family Health and Home and Garden programs.

With respect to the effectiveness of the various intervention programs on BLLs, the average BLL
in the affected areas had decreased since the commencement of the THEP after the release of
the task force report in 2001. A map of the three (3) sampling areas included in the follow-up
BLL monitoring is presented in Figure 4-2.

The greatest decreases in BLLs appear to have occurred over the 1990s, a period which
included the phase-out of leaded gasoline in Canada (1989) and the installation of the updated
smelter (1997), with some further reductions evident in the areas closest to the smelter (areas 2
and 3, representing the City of Trail and community of Riverdale) following the implementation
of recommendations from the TCLTF (2001) report, Figure 4-3.

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 107



O
intrinsik

OGS'Sﬁ [ ] Areal
Rivervale |:I AreO 2

Sunningdale -
/Q_ Area 3
/.-’ \ ..\\\
/ tadanac \ fhaven
A\
4

East Trail

Glenmerry

3 km
Upper
Warfield
45
= Waneta
3
West Trail O
Lower
Warfield 2 — 5 Casino

~
Lo lame LA O

Figure 4-2  Childhood Blood Lead Sampling Program Areas (Interior Health, 2019)
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Figure 4-3  Trend of Blood Lead Levels (Geometric mean) in Children Ages 6-36
months in Trail and Rivervale (Areas 2 and 3, closer to smelter) and in
Warfield, Oasis, Casino and Waneta (Area 1, further from smelter), 1991 to
2018 (Interior Health, 2019)
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In 2019, the THEP announced an expansion to the soil testing and remediation program (that
has been in place since 2007). Under this modified program, the focus will be on properties in
areas selected in previous assessments (i.e., those closest to the smelter operations), with
priority given to properties where children under the age of 12 years have access. Based on the
results of the testing, the THEP will then prioritize properties for further soil management
actions, taking into consideration the age of children who may be present at the sites, the
presence or absence of ground cover, and the measured lead concentrations. This program will
be overseen by the British Columbia Ministry of Environment and Climate Change Strategy (BC
Environment). Further work is in progress between Teck and BC Environment to develop a
wide area remediation plan and a related public consultation process (THEP, 2019a)

4.2.5.3 Hamilton, Ontario

In 2008, Public Health Services in the City of Hamilton, Ontario initiated a study of lead
exposure in children. Children (n=643) from North Hamilton under the age of 7 years were
included in the study. Blood samples, parent interviews, and samples of drinking water, dust,
and soil from the selected properties were collected. This particular area was selected as it was
known to have been affected by historical and current industrial activities involving lead, it had
older housing and infrastructure, and it included areas with known social and economic
disadvantages relative to other areas in the City (City of Hamilton, 2011a,b).

The Hamilton study consisted of four (4) components:
e Community awareness campaign and study recruitment;
e Establishment of community clinics for blood lead testing;
¢ Questionnaires and household interviews; and,
¢ Collection and analysis of environmental data (drinking water, dust, and soil).

A ‘threshold’ level of 0.19 pmol/L (equivalent to approximately 3.9 pg/dL) was established. An
algorithm was developed for follow-up with the parents of the affected child. These children
were then contacted by a public health nurse to review results and to have the child re-tested for
blood lead, as well as additional blood parameters (hematocrit and hemoglobin). Depending on
the BLLs, the child was referred to a family doctor as needed. A home visit was completed by a
public health inspector when required, and results were provided in letters with the child’s blood
results and any other sampling results along with suggested actions to reduce environmental
lead exposure (City of Hamilton, 2011b).

Less than 1% of the children included in the study presented BLLs above 10 ug/dL, and results
for Hamilton were similar to other North American jurisdictions with available blood lead data.
The geometric mean BLL for children in the Hamilton study was determined to be 2.2 pg/dL. No
single exposure source of lead was identified. The recommendations to City Council included
measures for free inspection and replacement of water service lines, the provision of on-tap
water filters to low-income households, and the development of an environmental lead
awareness program that targets high risk groups, including children, pregnant women and
women of reproductive age (City of Hamilton, 2011a).
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4.254 Montreal, Quebec

In 2005, it was determined that moderate concentrations of lead were present in the tap water of
residences in the City of Montreal, Quebec. This resulted in the completion of a study by
Levallois et al. (2013), who examined lead exposure via drinking water, indoor dust, and paint,
and the relationship with BLLs in children living in four (4) areas of Montreal. The study was of
cross-sectional design. Households with children between the ages of 1-5 years were randomly
selected from the pre-determined boroughs of Montreal. At the time of blood sample collection
by a pediatric nurse, an environmental technician completed a house inspection, collected
samples of dust and tap water, and assessed the potential lead-content of interior walls using
and x-ray fluorescence (XRF) analyser. From each residence, five one-litre samples of cold tap
water were collected, with the first sample collected after a 5-minute flush, and the others after a
30-minute stagnation period. Floor dust samples were collected from three (3) different rooms:
a child’'s room, another room frequently used by the child, and the entrance way to the home. In
addition, samples of dust from windowsills were collected.

A statistically significant association was identified between elevated BLLs in children (defined
as being greater than the 75" percentile of the BLL measured in the study — 1.78 pg/dL) and
both indoor windowsill dust loading greater than 14.1 ug lead per square feet (adjusted Odds
Ratio (OR): 3.2, 95%CI 1.3-7.8) and tap water lead concentrations greater than 3.3 ug/L
(adjusted OR: 4.7, 95%CI 2.1-10.2). In general, non-Caucasian children presented higher BLLs
than Caucasian children, with the means for both groups being determined to be 1.53 pg/dL and
1.27 pg/dL, respectively. Parental education levels also were associated with significant
differences in BLLs between children, with children of parents who did not have a university
diploma (mean 1.52 pg/dL) having higher BLL compared to children of parents with at least one
parent having a university diploma (mean 1.3 pg/dL).

Ngueta et al. (2016) completed further analysis on the data for 298 children (ages 1-5 years)
collected from Levallois et al. (2013), focused on lead in drinking water in the Montreal area. In
this study of the data, Ngueta et al. (2016) used a cumulative water lead exposure index
(CWLEI), which represented calculated values that took into consideration the lead
concentrations in the households where each child resided, water consumption patterns, daily
elimination rate, and other blood lead pharmacokinetics. A statistically significant (p<0.0001)
association between CWLEI and BLL was identified. For each 1 unit increase in the CWLEI,
regression analysis of the data suggested that the expected value of BLL should be multiplied
by a factor of 1.10 (95%CI: 1.06-1.15); in other words, a 0.10 pg/dL increase in BLL would be
expected (approximately 10%). A positive association between CWLEI and BLL was evident at
dose levels of 0.7 ug lead per kg body weight (Ngueta et al., 2016). It was concluded that lead
exposure from tapwater in Montreal, while within the Canadian drinking water guidelines, was a
source of long-term lead exposure in children.

The publication of these studies resulted in a review by the City of Montreal, who concluded that
the health risks were generally low and limited to young children (under the age of 6 years) and
pregnant women who lived in homes built before 1970 that had less than eight (8) living units.
Several mitigation measures that could be implemented at home that were recommended by
the City of Montreal included:

¢ Incorporating the use of a pitcher water filtration system or a tap- filter that is certified for
lead reduction;
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e Use of bottled water (particularly for infants consuming formula that needs to be mixed
with water);

¢ Allowing water to run for a few minutes after the water has turned cold, particularly if
water has been standing in pipes for hours to days;

¢ Limiting water consumption to cold, not warm or hot water from the tap; and,

¢ Regular cleaning of screens and aerators to remove debris (City of Montreal, 2019).

4.2.5.5 St. John's, Newfoundland

The City of St. John’s Newfoundland was identified by Bell et al. (2010) as having elevated lead
concentrations in various environmental media in the absence of significant industrial point
sources. The study of residential exposures to lead was triggered initially by the discovery of
elevated lead concentrations in sediment layers collected from urban lakes in Newfoundland.
Potential sources of lead were noted to include lead-based paint from existing and demolished
structures, historical fire activity, the previous use of coal combustion for heating and
transportation, and historical leaded-gasoline emissions.

A total of 1,231 soil samples were collected by Bell et al. (2010) from a total of 311 different
residential properties during the years 2004-2005. Some housing in the areas was quite old,
dating back to before 1926. The City was divided into 95 distinct neighbourhood areas, with at
least three (3) homes from each neighbourhood included in the study. On each property, soil
samples were collected within 5 m of a roadway, within 1 m of the house, and also from an open
area of the property that was not adjacent to the house or roads. Samples of household dust
were also collected from a sub-group of the residential properties from which soil samples were
collected. In these residences, dust samples were collected from the most frequently used
floor, the kitchen floor, and the windowsill of a frequently opened window.

Of the soil samples collected, 51% were identified as have concentrations of lead that exceeded
the CCME residential guideline of 140 ug/g, with approximately 10% of all samples having lead
concentrations above 1,000 pg/g. The majority of the samples with elevated concentrations
were collected from the dripline of houses (maximum of 24,447 ug/g), along with open areas
(ambient) further within residential yards (maximum of 12,738 pg/g). Roadside soil samples
were typically lower, with a maximum concentration of 1,765 pg/g. On a spatial basis at the
neighbourhood level, a clustering of high lead concentrations was evident in the downtown core.
The 50" percentile for all soil samples combined was determined to be 148 pg/g, with the 50"
percentiles for the ambient (open area), dripline, and roadway samples identified as 138 ug/g,
194 pg/g, and 136 pg/g, respectively.

Concentrations of lead in dust samples collected from windowsills were three-times higher than
samples collected from entrance floors, and six-times higher than samples collected from
kitchen floors. The highest dust loadings were identified from housing built before 1948,
primarily in houses built before 1926. For housing built after the 1970s, there is no apparent
decline in dust lead loadings despite the general trend towards less lead paint use during this
time. Bell et al. (2010) suggested that this lack of decline may be due to renovations and
remodelling activities.

Blood lead levels in St. John's were predicted by Campbell (2008) from the soil and dust data
published in Bell et al. (2010) using the US EPA IEUBK model. For housing built before 1926,
the predicted geometric mean BLL was estimated to be 6.5 pg/dL, with the geometric mean BLL

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 111



O
intrinsik

declining in relation to property age down to 2.8 pg/dL or less. Similarly, the probability of
exceeding the Canadian reference level at the time of 10 pug/dL was estimated based on age of
housing, with 21.3% of children living in houses built before 1926 identified as likely to have
BLLs above 10 pg/dL. A follow-up biomonitoring study determined that the geometric mean
BLL in children (less than 7 years of age) living in St. John’s was 1.12 pg/dL (Health Canada,
2013b). Itis not evident what, if any, interventions were implemented in St. John’s to reduce
lead exposure beyond the provision of information on the City website (City of St. John’s, 2019).

4.2.5.6 Butte, Montana

The City of Butte, Montana was an area of copper mining beginning in the 1870s, with the
Anaconda Copper Mining Company (later acquired by Atlantic Richfield) creating a mine
consolidation on Butte Hill. Nearby Walkerville became the highest silver producing mine camp
internationally in 1890. The adjacent Silver Bow Creek was used as a conduit for mining,
smelting and both industrial and municipal wastes, and large waste and mine tailings areas
were present along the creek. The US EPA designated the Silver Bow Creek area as a
Superfund Site in 1983. In 1987, this Superfund site area was expanded to include the
communities of Butte and Walkerville, Montana, and the name of the site was changed to the
Silver Bow Creek/Butte Area.

In 1990, an exposure study was completed in seven (7) different neighbourhoods within Butte.
All seven (7) neighbourhoods were among the oldest in Butte. The geometric mean BLL in
children ages 0-72 months (n=294 children) was 3.5 pg/dL, with a 95" percentile BLL of 10.5
po/dL and a maximum BLL of 25 pg/dL. In children and adolescents ages 72 months to 18
years (n=53), the geometric mean BLL was also 3.5 pg/dL, with a 95" percentile BLL of 13.6
pg/dL, and a maximum of 18 pg/dL. The BLL in nursing and pregnant women (n=11 and 24
respectively) were lower, with geometric means of 2.4 and 2.1 ug/dL and maximums of 5.0 and
3.5 pg/dL. Potential exposure sources within each neighbourhood were noted, including age of
housing, presence of lead paint and pipes, and the potential exposure to waste rock or mill
tailings within the community. Several priority areas for clean-up were identified (Environ,
2014). Inthe 1990 exposure assessment, residence location (i.e., neighbourhood) and house
age were found to be the strongest predictive factors of lead in paint, soil, and dust. Lead paint
was significantly associated with lead contaminated soil, which was associated with lead
household dust. Only lead in household dust was found to be associated with blood lead.
Gardening and home-grown produce were not found to significantly contribute to BLL (Schoof et
al., 2016). Following the 1990 exposure study, the University of Cincinnati recommended the
development of a program to identify and address residential lead exposure from all sources,
resulting in the creation of a multi-residential metals abatement program and the
commencement of a free blood lead testing program for children. Any child with an elevated
BLL (greater than 10 pg/dL in this study) was referred for a home evaluation including sampling
and possible abatement and prevention education. The soil lead cleanup criterion applied in
Butte was 1,200 ug/g, a value based on risk assessment and bioavailability studies (Schoof et
al., 2016).

Clean-up activities were commenced between 1988 and 2004, focusing on mine-impacted lands
and included removal and capping of sources of lead. It was noted that mining waste dumps
and overburden piles were prevalent in the area and were known to be used as playgrounds by
children. The Butte Citizen Technical Environmental Committee (CTEC) was formed in 1989
with funding from a technical assistance grant from the US EPA. A community planning
process was commenced in 1990 to gather input from residents as to the goals of the clean-up
efforts. In 1994, a Butte-Silver Bow Lead Intervention and Abatement Program was initiated
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(later renamed to Residential Metals Abatement Program in 2010). Between the 1990s and
2013, areas within the Superfund site boundaries for Silver Bow Creek/Butte were remediated
into recreational areas (parks, playgrounds, athletic complexes, trails) and the construction of
memorials and historic sites. Stormwater management improvements were also implemented
during this time, as were ground water treatment and institutional controls to prevent the use of
contaminated groundwater. Contaminated sediments were removed from areas in and around
Silver Bow Creek (US EPA, 2014a).

A study by Schoof et al. (2016) and Environ (2014) evaluated BLL trends in children ages 1 to 5
years (n=2,796) between the years 2003 and 2010. Results were compared in relation to a
population from a reference database from the NHANES program (n=2,937, age, sample date
and body weight matched). The objective of the study was to evaluate the effectiveness of the
source and exposure reduction efforts after a 25-year period of remediation.

Weighting factors were applied to the data for sex, age, season of blood test, house age,
poverty level, and race as Butte to NHANES ratios based on the percentage of records in each
dataset. A summary of the BLL results by sample year in Butte are presented in Table 4-5
(Environ, 2014). By the years 2009 and 2010, BLLs in the Butte area were no longer
statistically significantly higher than the NHANES reference data (Environ, 2014), suggesting
that the intervention programs were successful.

Table 4-5 Comparison of Measured BLLs in Children (Ages 1-5 Years) in Butte in
Comparison with a Matched Reference Group from the National Health
and Nutrition Evaluation Survey (NHANES) 2003 - 2010

Butte Group NHANES
. . Percent Percent reference,
Sample Year v e Child BLL, Child BLL, 95 |~ ilen | Children with | Geometric
eometric Mean Percentile with BLL > BLL > 10 mean
(Mg/dL) (ng/dL) 5 ug/dL (%) ugldL (%) (Mg/dL)
2003 351 3.49 9.10 33.6 3.4 2.05
2004 319 4.36 9.51 44.8 4.4 (n=753)
2005 312 3.35 8.60 24.7 2.6 1.8
2006 326 2.63 7.03 16.0 1.8 (n=806)
2007 342 2.44 7.90 16.1 2.0 1.72
2008 324 2.55 9.15 20.1 4.0 (n=676)
2009 361 2.01 6.80 10.8 1.4 1.51
2010 461 1.55 6.60 9.5 1.5 (n=702)

Shaded cells represent data significantly different from the Butte geometric means for the same time period, as identified by Schoof
et al. (2016).
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Significant differences in BLLs between neighbourhoods within Butte were also identified by
Schoof et al. (2016). The Uptown region (which included the city center — an area located on
top of former mine workings) and the Flats region (which included lower elevation areas located
further from past and present mining areas, with newer housing) were considered separately.
However, the differences in the rate of BLL decline over the 2003 to 2010 period were not
statistically significant between the Uptown and Flats areas of Butte. As of 2010, 498
abatements have been completed (288 for soil and 210 for lead) in the Uptown neighbourhood,
compared with only 47 abatements in the Flats neighbourhood (6 for soil, 41 for paint). Schoof
et al. (2016) concluded that community-wide remediation measures rather than lead-
interventions within homes and improved screening efforts contributed to the overall decline in
BLLs over the 2003-2010 period. A proportion of children with BLLs greater than 5 pg/dL was
identified in Uptown; however, in addition to proximity to mine waste, children in this area were
more likely to reside in pre-1910 housing with a high proportion of property rentals (Schoof et
al., 2016).

While the BLLs in Butte achieved parity with the NHANES reference group by 2009/2010,
additional BLL screening was recommended, with improved detection limits and data collection
practices. It was also recommended that additional community participation in the program be
promoted, in addition to further education and outreach regarding exposure reduction programs
(including lead-paint abatement) (Environ, 2014).

Some of the ‘lessons learned’ regarding the US EPA Superfund work in the Silver Bow
Creek/Butte area were noted in a summary report by the US EPA (2014a), and included the
following:

¢ Community-led development of land reuse plans were useful to the clean-up process.
Community feedback resulted in historic preservation of the area’s mining activity and
helped to identify other use priorities for former mine waste areas. These aspects
helped encourage investment and provide social, economic, and ecological benefits.

e Local governments are key to engaging stakeholders for the purposes of discussing site
reuse opportunities, to host various reuse projects, and to establish planning tools and
resources.

e Successful redevelopment requires the protection of human health. The long-term
clean-up plan incorporated a comprehensive testing and clean-up program for
residential yards and attics. Governmental organisations and industrial proponents work
together to ensure that residents are protected from any residual contamination within
the reclaimed areas.

e Cooperation and Communication between stakeholders and the community, creativity
and pragmatism are key to the alignment of reuse goals with clean-up plans. State and
intergovernmental organisations are important to supporting cleanup and
redevelopment.

e Partnerships with various organizations are important for achieving goals. The Silver
Bow Creek/Butte project involved collaborations with Habitat for Humanity and the
National Affordable Housing Network, and the Montana Economic Revitalization and
Development Institute.
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4257 Herculaneum, Jefferson County, Missouri

The Herculaneum lead smelter is located 40 km southwest of St. Louis, Missouri. The smelter
operated for over 100 years and was owned and operated by the Doe Run Company.
Operations ceased in 2013, and the site is being modified to provide infrastructure for
transportation (rail, road, river) as the Riverview Commerce Park LLC Mississippi River Port
(Doe Run Co., 2019).

The facility historically included a smelter plant, a 24-acre slag storage pile, and a sulphuric acid
plant, encompassing approximately 52 acres of land. The facility processed lead ore which
contained roughly 80% lead sulphide and was transported via truck from various mines and
milling operations located southwest of Herculaneum. Residential areas have been built up
around the smelting facility, with several homes within 200 feet of the smelter plant and slag
piles (ATSDR, 2002a,b).

The elementary and high schools within Herculaneum at the time were located about 0.5 miles
(approximately 800 m) north of the smelter. The middle school was located about one mile (1.6
km) north-northwest of the smelter, and the primary school (grades kindergarten to 3) was
located about 2 miles (3.2 km) to the northwest (ATSDR, 2002a).

A complaint concerning the spillage of lead concentrate on the streets of Herculaneum was
made in August of 2001. The Missouri Department of Natural Resources (MDNR) investigated
and confirmed that lead concentrate was being spilled along the haul routes within the Town of
Herculaneum. An exposure investigation conducted by ATSDR in 2001 indicated that lead in
paint and water did not appear to be significant contributors of lead exposure among children
living in these homes (ATSDR, 2002a). The Missouri Department of Health and Senior
Services (DHSS) also released the results of a blood lead sampling program conducted in 2001
involving 935 people. Using these data, the DHSS characterized the prevalence of elevated
BLLs (using the reference level valid at the time — 10 pg/dL or above) among children (6 years
of age and younger) with proximity to the smelter. A map of this study is provided as Figure 4-4.
Of the 935 people tested, 118 were children under the age of 6 years. Of these young children,
a total of 33 out of 118 (or 28%) had a BLL = 10 pg/dL. For those children living closest to the
smelter, 30 of 67 (or 45%) of children tested (under the age of 6 years) had a BLL = 10 pg/dL
(ATSDR, 2002c). The average BLL for all children (under the age of 6 years) tested in
Herculaneum during 2001 was 8.0 ug/dL (range 2 — 31 ug/dL), significantly greater than the
national average of 2.0 pg/dL at the time, as cited by ATSDR (2002c).

Sampling and analysis of soil, air, interior dust, and street dust confirmed that significant lead
contamination was present throughout the community, with concentrations of lead in yard soil
and street dust reaching maximum levels of 33,100 pg/g and 300,000 pg/g, respectively
(ATSDR, 2002a).
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The Doe Run Company was instructed by various governmental authorities to expedite on-
going clean-up efforts and to reduce or eliminate future contamination of the town. In
consultation with stakeholders, the Doe Run Company took additional intervention measures
(beyond those stipulated in an earlier Abatement and Cease and Desist Order), including:

¢ Reduction of emissions (both smelter and fugitives) through the installation of equipment
up-grades and process changes to meet National Ambient Air Quality Standards
(NAAQS) for lead emissions of 1.5 ug per dry standard cubic meter;

¢ The removal and replacement of soil from public and private property including parks,
school grounds, backyards, and along roadsides where lead concentrations exceeded
400 pg/g with first priority given to those yards where children under 6 years old resided;

e The removal and cleaning of in-house dust as per US EPA-developed protocols in
residential homes along the haul route;

o HEPA filter vacuum offered to all residents to assist in controlling interior dust levels;

o Further modifications to the methods used by the Doe Run Company when handling and
transporting lead ore concentrate in an effort to eliminate spillage during transport; and,

e Voluntary property acquisition of residential properties within approximately 600 m of the
smelter where children (younger than 6 years of age) were residing (i.e., high-risk
families).

In addition to the intervention measures above, a health education program for residents and
physicians was initiated to increase the general awareness regarding public health issues
surrounding lead. In September of 2002, a voluntary community-wide venous blood lead testing
program was offered to the residents of Herculaneum. This testing was intended to serve as a
follow-up to the 2001 blood lead program. In total, 340 people participated, 58 of which were
children under the age of 6 years. The mean BLL of children (under the age of 6 years) tested
in 2002 was 6.4 pg/dL (range 2 to 28 pg/dL) with 14% (8 of 58) having a BLL = 10 pg/dL. This
represented a 50% reduction in the prevalence of children with a BLL= 10 pug/dL compared to
2001 (ATSDR, 2003). For those children under the age of 6 years living in close proximity to
the smelter (i.e., living east of Highway 61/Commercial Blvd.; approximately ¥4 of a mile from the
smelter), the results of the 2002 testing indicated that 17% (8 of 46) of children had a BLL = 10
pg/dL. This represented a 62% reduction in the prevalence of children living in close proximity
to the smelter with a BLL = 10 ug/dL compared to the 2001 dataset (ATSDR, 2003). A
summary of blood lead data collected for young children (under the age of 6 years) within
Herculaneum is presented in Table 4-6.
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Table 4-6 Summary of Blood Lead Levels for Children (Less than 6 Years of Age),
Herculaneum, Missouri, 2001 and 2002 (ATSDR, 2003)

Parameter 2001 2002
Total number of children tested 118 58
Range of BLLs for children tested ND - 31pg/dL 2 pg/dL — 28 pg/dL
Mean BLL of children tested 8.0 ug/dL 6.4 ug/dL
Number of children with BLLs =10 ug/dL 33 of 118 (28%) 8 of 58 (14%)
Number of children living in close proximity of the smelter who were

67 46
tested?®
Number of children living in close proximity of the smelter with BLLS 30 of 67(45%) 8 of 46 (17%)
=210 pg/dL

a Close proximity refers to individuals living east of Highway 61/Commercial Blvd.

By November 2005, a total of 407 residential yards with soil lead concentrations above 400 pg/g
in Herculaneum had been remediated, and Doe Run purchased the majority of residential
properties within 3/8 mile (approximately 600 m) of the smelter (City of Herculaneum, 2006).

Several intervention strategies that ranged from the reduction of smelter emissions to the roll
out of an educational program were employed between 2001 and 2002 and were successful in
reducing BLL among children. However, BLLs still remained = 10 pg/dL for 14% of children
under 6 years of age, with many of those children living in close proximity to the smelter.
However, the re-location of high-risk families living in close proximity to the smelter was likely a
significant contributor to the reduction in BLLs between 2001 and 2002 observed in the cohort
living east of Highway 61/Commercial Blvd (ATSDR, 2003).

More recent blood lead or monitoring data could not be identified in 2019 for Herculaneum to
evaluate the effect of the facility closure on lead exposures or long-term trends in BLLSs.

4.2.5.8 Broken Hill, Australia

Lead has been mined in Broken Hill, New South Wales, Australia for more than a century. In
response to increasing public concern over mining activities and increased awareness of the
effects of higher BLLs, a blood lead survey of the city’s children was conducted in 1991. The
results of the survey indicated that nearly 25% of the children included in the study had BLLs
greater than the National Health and Medical Research Council level of concern at the time (25
pg/dL), and approximately 86% of children had BLLs greater than 10 pg/dL (Lyle et al., 2001,
Boreland et al., 2008, 2009). By 1994, a government funded program was formally initiated in
an effort to reduce BLLs among pre-school children (Lyle et al., 2001).
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The program aimed to reduce BLLs among the young children of Broken Hill to levels observed
in non-contaminated areas throughout Australia (Lyle et al., 2001). The program included five
(5) components:

1. Blood lead monitoring targeting all pre-school aged children;

2. Case management of children with high BLLs (including home remediation services);
3. Public education and health promotion;

4. Remediation of public land; and,
5

Evaluation, research, and development.

Uncovered mine tailings dumps were capped at the end of the 1990s to reduce lead exposure
via soil and dust (Dong et al., 2019). In addition, the use of leaded gasoline was eliminated
entirely by 2002 within Australia (Dong et al., 2019).

The overall geometric mean BLL among children (ages 1 to 4 years) in Broken Hill dropped
from 16.3 pg/dL to 5.8 pg/dL (representing a 64% decline) between 1991 and 2007, following
the implementation of the government-funded program. In the highest risk zone (i.e., areas
closest to the mines), the geometric mean BLL dropped by 70% (from 27.3 pg/dL in 1991 to 8.3
pg/dL by 2007). Boreland et al. (2008) indicated that children closest to the mine site were likely
to benefit most (i.e., see the greatest reductions in BLLS) as a result of extensive remediation of
contaminated lands adjacent to the mine site. Dust fall measurements (in high, medium-high,
medium and medium-low risk areas) before and after remediation efforts were presented to
support this hypothesis.

Due to the nature of the multi-layered approach used in Broken Hill (e.g., a combination of large
scale remediation, individual home remediation, health promotion, etc.), it was not possible to
attribute the impact of any single intervention with respect to the efficiency in reducing BLLs
(Boreland et al., 2008). However, according to the literature cited by Boreland et al. (2008),
zonal remediation within communities with wide-spread contamination was likely more effective
at reducing BLLs than other interventions. Boreland et al. (2008) suspected that the most likely
explanation for the reduction in BLLs among children living within the high-risk zone of Broken
Hill was the extensive remediation of contaminated lands on and adjacent to the mine site,
rather than the other approaches.

To help clarify this hypothesis, Boreland et al. (2009) examined, through the use of a
randomized control trial (RCT), whether or not the remediation of individual homes would lower
BLLs among young children living in Broken Hill. Boreland et al. (2009) also examined whether
or not childhood BLLs were correlated with changes in indoor lead loading following the
completion of lead remediation work. Home lead remediation was included in the case
management for those children who had BLLs >15 pg/dL (children with BLLs > 30 pg/dL were
offered immediate home remediation). In addition, a subset of eligible children with BLLs
between 15 and 29 pg/dL participated in the RCT, where 10 intervention activities involving
internal improvements (e.g., ceiling dust removal, sealing of ceiling and cornices, removal of
contaminated soil, replacement of floor coverings, replacing windows, cleaning floor coverings,
etc.) were applied. The overall intent was to provide each home with the same level of ‘lead
safety’ (Boreland et al., 2009). A total of 88 children (or 44 pairs) participated in the RCT (each
pair including a child with elevated BLL and another without). The BLLs were measured in both
children receiving home remediation services and their paired control partner before and
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approximately 6 months after remediation was complete. The study concluded that home
remediation did not have a significant effect on reducing BLLs. Further, no evidence of a dose-
response relationship was apparent between BLL and indoor dust levels 10 months after the
home remediation activities were completed (Boreland et al., 2009).

Blood lead in children continues to be evaluated in Broken Hill, with annual reports provided
online. All children of 5 years of age or less are offered blood lead testing. Since the initial lead
study in 1991, the geometric mean BLL in Broken Hill has decreased from 16.7 pg/dL to 5.7
pg/dL in 2017 (Table 4-7). As of 2011, finger-prick testing has been offered to parents, and
various recruitment and communication strategies have been employed to improve participation.
Blood lead monitoring data for the years 2014 to 2017 reveal that BLLs in Aboriginal children
are significantly higher than for non-Aboriginal children (Table 4-7). Less Aboriginal children
seem to participate in the testing program, however this number is increasing over time, and as
a result, the West New South Wales Ministry of Health notes that the geometric mean BLL for
Aboriginal children has increased in the more recent data (2017 vs. 2014) due to improved
participation and a more realistic reflection of BLLs within that population.

Dong et al. (2019) completed an analysis of children’s BLLs (ages 1-5 years) in the Broken Hill
area, taking into consideration household soil lead, urban dust concentrations,
sociodemographic factors, lead ore production, and the influence of weather conditions
including wind direction and patterns. One of the objectives of the Dong et al. (2019) study was
to identify if historical or contemporary mine emissions were influencing lead exposure in the
area. One mining company in Broken Hill was still operating during the 2011 to 2015 study
period. A total of 4,852 children (ages newborn to 5 years) were included in the study, with 24%
of this group identifying as Aboriginal and 76% as non-Aboriginal. The overall geometric mean
BLL for the study population as a whole was 4.3 pg/dL, with the Aboriginal geometric mean
being higher (7.03 pg/dL) compared to that of the non-Aboriginal group (3.70 ug/dL).

Regardless of Aboriginal status, increasing distance from the mining operation was found to be
associated with decreased BLL, with the geometric mean BLL decreasing from 5.25 ug/dL at
distances less than 2 km from the mine, to 4.49 pg/dL between 2 to 4 km from the mine, to 3.89
po/dL at distances more than 4 km from the mine. Children who lived downwind of the mine
and within less than 250 m were observed to have significantly (75%) higher BLL than children
located upwind at a similar distance from the mine. This difference was apparent even after
adjustment for lead-paint exposure risk from older housing. However, due to a large dust storm
in 2009, the spatial distribution of soil lead concentrations had been disrupted and re-distributed.
Despite this readjustment in soil concentrations, increased BLLs in closer proximity to the mine
remained, suggesting that contemporary mine emissions influence child lead exposures in the
area. A 1% increase in soil lead concentration was found to be associated with a 0.13% in child
BLL. A relationship between historical BLL and data regarding lead production at the mine
between 1991 and 2013 indicated that annual BLLs were significantly associated with lead ore
production (p<0.01) (Dong et al. 2019).
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Table 4-7 Age- and Sex-Standardized Blood Lead Levels, Children Ages 1to 5
years, Broken Hill Australia

Year Number of Children gg;g?jtrlc Mean ELOLpgrélzgl\évll_th Reference
2017 All Children (n=730) 5.7 (All) - WNSW HIU, 2018
Aboriginal (n=221) 8.7 (Aboriginal) 78%
Non-Aboriginal 4.6 (Non-Aboriginal) 42%
(n=509)
2016 All Children (n=687) 5.9 (All) -
Aboriginal (n=207) 7.6 (Aboriginal) 78%
Non-Aboriginal 5.2 (non-Aboriginal) 50%
(n=480)
2015 All children (n=679) 5.8 (All) 47% NSW MOH, 2016
Aboriginal (n=178) 9.3 (Aboriginal) 79%
Non-Aboriginal No data for non- 35%
(n=501) Aboriginal
2014 All children (n=719) 5.2 (All) - NSW MOH, 2015
Aboriginal (n=183) 7.5 (Aboriginal) 63%
Non-Aboriginal No data for non- 24%
(n=536) Aboriginal
2011 - 2015 All children (n=4852) | 4.31 (All) 42.56 Dong et al., 2019
Aboriginal (n=1158) 7.03 (Aboriginal) 70.21
Non-Aboriginal 3.7 (Non-Aboriginal) 33.89
(n=3694)

In 2016, the Broken Hill Environmental Lead Study (BHELS) was commissioned by the New
South Wales Environmental Protection Authority to help inform on-going remediation efforts. It
is intended to be a 4-year study. The objectives of BHELS are to:

1. Identify likely source areas and emission sources of lead contributing to airborne lead
concentrations within Broken Hill; and,
2. To monitor airborne and deposited lead levels for a 2-year period to evaluate the efficacy
of remediation.
The findings of this study are not available (NSW EPA, 2019).

4.2.5.9 Point Pirie, Australia

Port Pirie is a community of 15,000 people and is situated on the Spencer Gulf, approximately
250 km north of Adelaide in the state of South Australia. The area is home to one of the largest
lead-zinc smelters in the world and is operated by an international metals business (Maynard et
al., 2003; Nyrstar, 2018). Lead emissions from the smelter have occurred for over 150 years,
resulting in contamination to the surrounding environment with various metals, including lead,
zinc, arsenic, and cadmium (Maynard et al., 2003; Taylor, 2012).

In 1984, the South Australian Government implemented a 10-year program with the objective of
remediating Port Pirie and reducing the BLLs among children to below the existing National
Health and Medical Research Council (NHMRC) ‘level of concern’ at the time (30 pg/dL). The
program focused on lead exposures related to historical contamination of the city and houses
given that smelter emissions were thought to be at sufficiently low levels (Maynard et al., 2003).
The initial focus of the program was on the identification of children with BLLs above the ‘level of
concern’ and decontaminating their homes to reduce metal exposures, followed by a systematic
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remediation of the most heavily impacted residential areas. Approximately 2,200 houses with
children with elevated BLLs were remediated as part of the 10-year program, with activities
including the removal of dust and paint, repairs to reduce dust entry, and soil replacement being
completed. Over the 10-year period, BLLs were significantly reduced from 30% of children with
BLLs >25 pg/dL in 1984 to approximately 6% of children by 1993 at a cost of 25 million $AUD
(Maynard et al., 2003). A review of the program highlighted a number of challenges in further
reducing children’s BLLs to the revised NHMRC ‘level of concern’ of 10 pg/dL. The review also
highlighted issues concerning the on-going contamination and/or recontamination of houses as
a result of ongoing smelter emissions and the need to reconsider the performance of smelter
emissions and indoor exposures of young children (Maynard et al., 2003).

A second lead assessment program commenced in 1994 and included resources to identify
major sources of lead and strategies to reduce lead exposures within the home. Maynard et al.
(2003) indicated that, since the start of the second Lead Program, the proportion of children with
BLL = 25 pg/dL was reduced, however 61% of children still had BLLs greater than the national
goal of 10 pg/dL at the time. The second Lead Program was multifaceted, in that several
different interventions were employed, including:

e The development of buffer zones and relocation of families from the most impacted
areas;

¢ House decontamination (i.e., removal of dust and paint, repairs to reduce dust entry,
and soil replacement); however, due to recontamination issues, this intervention was
limited to those with children with BLLs greater than 20 pg/dL;

¢ Family education and in-home support;

e Education programs to emphasize the need to avoid the use of ‘tank rainwater’ due to
atmospheric contamination;

o Dust control measures implemented by the smelter facility to control dust and dust re-
entrainment from stockpiles and roads (e.g., construction of earth berms with dense
vegetation);

e Smelter emission controls — confinement of stockpiles, water spraying of surface dusts,
improved exhaust emissions of processing plants, etc.;

¢ The implementation of measures to stop workers from leaving the site in contaminated
clothing or without showering. Although earlier studies found an association between
having a parent who works at the smelter and elevated BLLs among children, Maynard
et al. (2003) indicated that more recent data no longer supported this association in
young children; and,

e The implementation of different soil abatement interventions depending on the
concentration of lead in residential soils. At the extreme, complete soil replacement
was triggered when lead in soil exceeded 10,000 pg/g, and 50 mm of clean soil was
applied when lead levels were between 2,500 and 10,000 pg/g.

It was recognized that family support programs did not appear to reduce BLLs among those
children with elevated BLLs that were followed using serial blood lead testing. It was also
recognized that it was not possible to differentiate the effects of different interventions from the
typical decline in BLLs observed with age among pre-school children over time due to changes
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in exposure patterns. Although earlier studies indicated that soil lead levels were significantly
related to BLLs, Calder et al. (1990) concluded that household soil lead levels only accounted
for 5 to 10% of the variation in BLLs among children. Despite various intervention efforts,
ongoing smelter emissions were considered to be the dominant source of lead in household
dust. More specifically, the production area including the sinter plant and blast furnace was
identified as key emission sources of fine particulate containing lead (Maynard et al., 2003).

In 2000, a Lead Program entitled “Ten by 10" was implemented with the goal to have 95% of all
Port Pirie children below a BLL of 10 pg/dL by 2010. The 2011 blood lead monitoring data
indicated that 25.5% of all Port Pirie children tested under the age of 5 years (excluding the use
of surrogate values*) had BLLs greater than 10 pg/dL (SA Health, 2011; Taylor, 2012). The first
half of the 2012 blood lead monitoring data indicated that that 27.6% of Port Pirie children tested
under the age of 5 years (excluding the use of surrogate values) had BLLs greater than 10
Ho/dL (SA Health, 2011). A study by Taylor (2012) indicated the primary reasons for not
achieving the goal were that clean-up of household dust and soil was incomplete and, of most
importance, the primary source of lead exposure (i.e., smelter emissions) was not eliminated
and was on-going. As a result, the community continues to be impacted by atmospheric
emissions.

A study by Simon et al. (2006) followed thirteen (13) Port Pirie infants (from birth to
approximately 36 months of age) and their mothers on a monthly basis. Blood from both infants
and mothers was collected in addition to hand-wipe samples from both infants and parents. The
central focus of the work by Simon et al. (2006) was to determine the age at which BLLs among
infants begin to rise after birth and to characterize the shape of the BLL curve during the first 18
months of life. As part of the study, the importance of different exposure pathways (as they
relate to the contribution to BLLs and hand loading) was also investigated, in particular, the role
of hand-to-mouth contact.

Simon et al. (2006) identified predictive factors for elevated BLL among infants in Port Pirie: age
of infant, hand-lead loading of both the mother and infant, and the location of the residence
relative to the smelter. The data indicated that mothers with elevated pre-natal BLLs typically
had infants that also developed elevated BLLs. As a result, Simon et al. (2006) emphasized the
importance of early blood lead monitoring, even prior to birth, to assist in developing improved
strategies to reduce lead exposure.

The proximity to the smelter was shown as a major determinant of lead exposure in Port Pirie
with house type (new construction versus older less well-constructed sites) having a potential
influence on this relationship. Simon et al. (2006) indicated that relocation of infants from high
risk areas on a case-by-case basis was an important and effective intervention strategy,
however, excessively expensive to be implemented on a population basis. A number of
potential confounding variables were investigated (i.e., season of birth, occupation, smoking,
keeping a pet, bed type, location within house of sleeping, and technique used to dry clothes).
None of these factors were found to be associated with either hand-lead or BLLs. Simon et al.
(2006) concluded that the intervention strategy required in Port Pirie would consist of reduction
smelter emissions followed by a thorough household remedial program. Simon et al. (2006)
highlighted the need for further research concerning the identification of large deposits (or
reservoirs) of dust in homes and methods needed to both remove and prevent ongoing
recontamination.

4 A surrogate value represents a child’s predicted BLL at birth, estimated using the mother’s blood lead level.
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The Targeted Lead Abatement Program (TLAP) was developed in 2014 to identify current and
potential lead exposure reduction strategies, and to assess which strategies have the greatest
impact on reducing childhood BLL. As part of this Strategy, the Nyrstar Port Pirie
Redevelopment Project transformed the smelter into a multi-metals processing and recovery
facility, with an aim of reducing emissions (TLAP, 2018). The current target is to attain BLLs of
less than 5 pg/dL for all children under 5 years of age. The TLAP program includes a
comprehensive website for public use, describing the various exposure reduction strategies,
that include phytoremediation, renovation fact sheets, nutritional guidance, indoor exposure
reduction information, gardening fact sheets, and a mobile educational centre that promotes
information about the centre (TLAP, 2018).

Available biomonitoring data from the years 2009 to 2018 in Port Pirie suggest that in general,
the BLL of children less than 5 years of age have gradually decreased (Figure 4-5), with the
geometric mean in 2018 being 4.6 pug/dL (SA Health, 2019a). In 2018, 49.5% of the children
(n=592) tested that year had BLLs of less than 5 pg/dL, and 75.7% had BLLs less than 10 pg/dL
(SA Health, 2019a). The geometric mean of very young children (less than 2 years or 24
months of age), however, continues to be above the Australian NHMRC target level of 5 pg/dL
(SA Health, 2019a).

—@— BLL Geomean (All Children <5 yrs, ug/dl) —@—BLL Geomean (Children < 24 months, ug/dl)

10 e Australia NHMRC Target

Geometric Mean Blood Lead Level (ug/dL)
wv

1

0
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Year

Figure 4-5 Blood Lead Monitoring in Children, Port Pirie, Australia (SA Health, 2019a)

In summary, at Port Pirie, Australia, the BLLs in children have been reduced over time as a
result of multiple intervention strategies that have taken place for more than 30 years. However,
the key objective has not yet been achieved — to have all children with a BLL below 5 pg/dL. A
recent news release from South Australia Health indicates that the Nyrstar facility is currently
operating within the required air quality guidelines, but on-going efforts are being made to
further reduce emissions and manage dusts in the area. The TLAP program has been modified
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to include daily cleaning of high-use community facilities, replacing old bark chips at
playgrounds, mulching of exposed soils and seeds, and improved cleaning in high-risk areas.
The news release also notes that the modifications planned for the smelter are anticipated to be
fully implemented by the end of 2019 (SA Health, 2019b).

4.2.6 Findings Regarding Population-Level Lead Interventions in the Primary
Literature

The following discussion provides an overview of published literature describing the
effectiveness of various interventions used to mitigate lead exposure. Systematic reviews
presenting analyses of data from multiple studies are summarized in Section 4.2.6.1, and
reviews of primary studies evaluating interventions in Section 4.2.6.2.

4.2.6.1 Systematic Reviews of Educational and Household Interventions

A systematic search and review of the primary scientific literature was completed by Yeoh et al.
(2012). Randomized controlled trials (RCTs) or ‘quasi-randomized’ control trials where
participants were assigned to either an intervention or control group and where at least one
standardized outcome measure was reported were selected for potential inclusion. Educational
interventions were classified as activities that address parental awareness of exposure
pathways, domestic dust control measures, and hygiene practices. Household environmental
interventions included activities such as soil abatement, painting, specialized cleaning, repairs,
maintenance, and temporary lead hazard containment measures. A combination of these two
(2) broad types of interventions was also considered. Three (3) basic outcome measures were
considered by Yeoh et al. (2012), including:

e Blood lead levels in children;
e Cognitive and neurobehavioural outcomes; and,
e Measurements of household dust levels.

A total of thirteen (13) RCTs, and one quasi-randomized control trial study, were selected for
inclusion by Yeoh et al. (2012), representing 2,656 children less than 6 years of age. The
fourteen (14) studies were placed into sub-categories depending on the type of intervention
(education, environmental or a combination of the two):

¢ Educational programs;
e Environmental:
o Dust Control Measures; and
o Soil Abatement;
¢ Combination (education and dust control or soil abatement).

The results of the meta-analysis performed on these data indicated that educational
interventions were not effective in reducing BLLs. It was noted that a non-statistically significant
trend was observed concerning the effectiveness of educational interventions in preventing the
number of children exceeding a BLL of 15 pg/dL; however, further data including children with
moderate BLLs are needed to clarify this potential benefit. The meta-analysis conducted on
data from the dust control subgroup also indicated no evidence of effectiveness (Yeoh et al.
2012). Due to significant differences in design among studies that examined soil abatement

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 125



O
intrinsik

(removal and replacement) and a combination of interventions (education and dust control), a
metal-analysis could not be conducted on these data. Yeoh et al. (2012) concluded that, based
on the current data, there was insufficient data to draw any conclusions concerning the
effectiveness of soil abatement techniques or a combination of interventions (i.e., education and
dust control measures). Yeoh et al. (2012) acknowledged that these results may appear to
contradict much of the observational data that report declines in dust lead loadings and average
BLLs; but posed the question as to whether or not the intervention applied (e.g., lead hazard
controls or partial abatement) led to a significant reduction (or increase) in BLL among very
young children who exhibit mouthing behaviours.

A systematic review of RCT, or quasi-RCTs, by Nussbaumer-Streit et al. (2016) evaluated the
effectiveness of household educational or environmental, or combinations of education and
environmental interventions, to prevent lead exposure in children under 18 years of age. This
review was intended to be an update of the findings of Yeoh et al. (2012) and included more
recently published data and the exclusion of others that did not meet the modified selection
criteria. Nussbaumer-Streit et al. (2016) reviewed a total of fourteen (14) studies that involved a
combined total of 2,643 children, with most studies being conducted in urban North American
areas. The duration that the various interventions were applied ranged between 3 and 24
months. This review also concluded that based on the populations studied, no significant effect
on reducing BLLs in children was evident in association with household educational
interventions, and limited to no difference in BLLs was evident in relation to dust control
interventions. The authors stated that US standards for lead household dust are outdated (note:
these standards were updated in 2019, after the publication of Nussbaumer-Streit et al., 2016),
and that the implementation of these standards during renovation or remediation work may
actually contribute to childhood lead exposure by increasing lead dust levels within the home,
particularly if proper precautions are not implemented. Nussbaumer-Streit et al. (2016) also
noted that the evidence is insufficient to make conclusions regarding the effectiveness of soil
abatement or programs involving both education and environmental intervention. However, the
review concluded that additional trials are necessary to identify the most effective interventions
for the reduction of childhood lead exposure.

A systematic review of RCTs that included low cost (<$2,500) in-home lead interventions was
completed by Haynes et al. (2002). A total of five (5) articles were included in the analysis and
included various interventions: education (3 studies); provision of cleaning supplies or
equipment (2 studies); professional cleaning services (2 studies), and minor house repairs (1
study). The interventions took place over a period ranging from 6 to 48 months. Haynes et al.
(2002) found no significant decline in mean BLLs among children from homes that had
undergone low-cost in-home interventions compared to those that had not had any interventions
completed. No significant difference between the intervention and control groups with respect
to the proportion of children with BLLs greater or equal to 10 pg/L was identified. The low-cost
interventions were, however, found to be effective in significantly lowering the proportion of
children with BLLs greater than 15 pg/dL and 20 pg/dL (i.e., a reduction of =2 50%). According to
Haynes et al. (2002), these results are consistent with previous work suggesting lead
intervention efforts have a greater impact on children with highly elevated BLLs. It was
hypothesized that the limited effectiveness of dust interventions on lowering BLLs was due to
the fact that the source of on-going dust contamination was not eliminated through the methods
used. Haynes et al. (2002) concluded that, unless the ultimate source of house dust
contamination is controlled, household dust intervention efforts will provide little efficacy in
reducing BLLs.
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4.2.6.2 A Review of Studies Concerning the Effectiveness of Educational and Household
Interventions

When used alone, educational programs providing information concerning lead hazards and in-
home dust mitigation technigues (e.g., wet mopping, reducing soil track in, vacuuming, etc.)
have been found to have limited effectiveness in lower BLLs among children (Taylor et al.,
2011). Kegler and Malcoe (2004) tested the efficacy of community education (delivered by way
of a lay health advisor) as the primary intervention in reducing mean BLLs among Native
American children living in a former mining area and were unable to exclusively attribute the
educational intervention efforts to declines in BLLs. Dugbatey et al. (2005) attempted to
determine whether or not personalized educational interventions given to disadvantaged inner
city pregnant women would reduce the probability of infants having a BLL 210 pg/L. None of
the interventions employed (i.e., hands-on instruction on cleaning techniques, property
maintenance, hygiene and nutritional advice) reduced the probability of an infant having a BLL
=10 pg/L.

A study completed by Lanphear et al. (2000) observed no significant change in BLLs among
children whose families received information on lead poisoning prevention and cleaning
techniques, and equipment and supplies to reduce lead-impacted house dust. Lanphear et al.
(2000) observed that dust mitigation efforts did not appear to be effective in reducing BLLs
unless conducted by professional dust mitigation teams. Similarly, Campbell et al. (2003)
concluded that a one-time professional cleaning of homes occupied by children with elevated
BLLs was effective in significantly reducing dust lead levels; however, dust lead levels returned
to pre-cleaning levels within 3 to 6 months. Children in the exposure group with a geometric
mean BLL of 14.5 ug/dL did not respond to the one-time cleaning session. Ettinger et al. (2002)
also found significant reductions in most dust samples after a single professional cleaning;
however, not all dust samples fell below federal standards for lead in residential dust, indicating
that more intensive cleaning and lead reduction intervention strategies were required in order to
achieve lead dust levels below federal residential dust standards. Continued in-home cleaning
interventions completed once every two weeks by trained workers for one year resulted, on
average, in a 17% decrease in BLLs among children (with an average age of 20 months)
compared to pre-intervention levels (where the average measurement was 20 pg/dL). Rhoads
et al. (1999) also observed that children in homes that were cleaned 20 or more times
throughout the one-year period (i.e., those household that missed few cleaning appointments)
had an approximately 34% decline in BLL. However, Rhoads et al. (1999) did not investigate
house dust lead levels and BLLs after the intervention program was terminated to determine
whether dust lead or BLLs increased after the program ended.

Shao et al. (2017) evaluated the effectiveness of the implementation of lead hazard control
treatment using historical surveillance data (1992 to 2011) for BLLs in children living in
Syracuse, New York. Interrupted time series analysis before and after the exposure
intervention, and piecewise regression were completed to evaluate the changes and trends in
BLL before and after interventions. A segmented time series method was used to evaluate
potential seasonal variations in BLL. The interventions considered included the three (3) stages
of lead prevention activities employed in Syracuse over a 20-year period:

e Stage 1: The 1993 implementation of State regulations for reporting child BLLs, lead
screening and follow up, and the environmental assessment and abatement regulation
implementation in 1995. Both sets of regulations are still in place.
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e Stage 2: First year of lead-paint abatement project completed in December 1999,
focused on high-risk homes (children with BLLs greater than 10 pg/dL). Continuous
funding was in place from 1999 to 2011 for the removal of lead in low-income housing.

e Stage 3: A lead poisoning primary prevention program commenced in 2007 and included
inspections and related enforcement pertaining to identify hazards in properties who
were not considered high risk (e.g. no children with BLLs greater than 10 pg/dL).

A clear decline in children’s BLLs was observed from the surveillance data between 1993 and
2011. However, due to a limited amount of pre-1993 data, it was not possible to conclusively
determine if or how much the Stage 1 interventions influenced the BLL data between October
1993 and December 1999. The complete phase-out of leaded gasoline in the US also occurred
during this time interval. The influence of the Stage 2 interventions (lead hazard abatement)
was difficult to identify, notably due to the increase in public awareness regarding lead hazards.
Affecting all of the three (3) stages of intervention was the fluctuation in sample size over time,
resulting in potential variance within the BLL data set. Shao et al. (2017) concluded that it is
possible that once BLLs are reduced to a certain point, aggressive abatement approaches for
lead paint may not contribute significantly to decreased in BLLs (Shao et al., 2017).

The effectiveness of home lead abatements completed between September 2016 and March
2018 was evaluated in two (2) groups of children (children with BLLs greater than 10 ug/dL, and
children with BLLs between 5 and 9 pg/dL) residing in the State of Maine (Cluett et al., (2019).
Out of a total of 351 residential inspections, 77% of these were related to children with BLLs
between 5 and 9 pg/dL. Compared to children with BLLs greater than 10 ug/dL, this group of
children were less likely to chew windowsills and doors and had significantly fewer paint-related
sources within their homes. A positive, significant correlation was identified between BLL and
lead in windowsill dust and average floor dust levels for children in the 5 to 9 pg/dL range, but
not children with BLLs greater than 10 pg/dL. Following the completion of household education
and abatement activities (approximately 2.8 months after the abatement was completed), follow-
up samples were collected from a total of 32 children who presented pre-abatement BLLs in the
5to 9 yug/dL range. Of these, 10 children (31%) had a decrease in BLL ranging from 15 to 40%
of their baseline value, and 17 children (53%) had an observed decrease in BLL over 40% or
more. Cluett et al. (2019) concluded that the lead abatement activities were successful in
reducing BLLs in children with BLLs in the 5 to 9 ug/dL range but note that their conclusions are
based on a relatively small sample size.

The impact of the Southern Nevada Childhood Lead Poisoning and Prevention Program
(CLPPP) on children’s BLLs was evaluated by Haboush-Deloye et al. (2019). Only data from
when the program was in place are available, and data from when the program was no longer
funded is not yet available. The South Nevada CLPPP included state-funded educational
interventions at two levels — practicing pediatricians and families, and provider-outreach (in-
person visits with healthcare providers serving high-risk communities) to promote blood lead
screening (the costs of which were covered by the program). The program activities for outreach
to pediatricians and families took place via health-related events, media broadcasts, community
presentations, and presentations to professional organizations (medical school, teachers). The
BLL data for children under the age of 6 years tested between 2006 and 2011 were evaluated.
The number of children participating in BLL screening substantially increased during the
program, although it was not clear whether this was due to increased awareness of
pediatricians or parents. Of the 43,028 BLL data points available from the program, only 1.5%
were determined to be above 5 pg/dL and less than 1% were above 10 pg/dL, suggesting that
exposure levels are generally low in the population tested. The authors noted that only 5% of
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the children in Nevada were tested during the program, and the results are thus based on a
small sample size (Haboush-Deloye et al., 2019).

Taylor et al. (2011) state that, despite the lack of evidence supporting the efficacy of
educational-based interventions directed towards parents concerning the importance of
personal hygiene, child mouthing behavior, and household dust, these programs are often used
to address elevated BLLs in children. Although these types of interventions have, in some
instances, been reported to lower BLLs among children, Taylor et al. (2011) indicate that it is
difficult to attribute reductions in BLLs to any one individual intervention (e.g., hand washing
versus wet mopping, etc.). Taylor et al. (2011) argue that, in addition to educational programs,
more effective primary intervention strategies that directly reduce both point source and fugitive
emissions are required.
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5.0 TASK 4: ASSESSMENT OF HEALTH RISKS ASSOCIATED WITH ELEVATED
LEAD LEVELS IN URBAN RESIDENTIAL SOILS

Understanding the relationship between soil concentrations and exposure in children is
important for the assessment of potential risks and the development of environmental
guidelines. This relationship can be evaluated using multiple lines of evidence, including
theoretical models to predict exposure and uptake, and through consideration of empirical
results generated by studies in which both environmental concentrations and exposures (e.g.,
BLLs) were measured.

Numerous studies have characterized the relationship between BLLs and lead content in
various environmental media, including soil, in both Canada and internationally. Empirical
results are often used to generate a regression or slope factor relating changes in BLLs with soil
or other environmental lead concentrations. Slope factors generated using empirical data
reflect site-specific and study-specific exposure scenarios, and as a result there is inherent
uncertainty in applying these factors to other sites. Therefore, the relationships between soil
concentrations and BLLs identified within these studies were used to provide a qualitative
assessment of potential risks to Winnipeg residents. Given that automobile exhaust from
leaded gasoline is interpreted to be the main (past) contributor to lead content in soils of central
areas of Winnipeg, this was an important consideration in the identification of comparable
communities.

The qualitative assessment of health risks also considered the occurrence of areas within
Winnipeg that may have unique characteristics that create increased opportunities for overall
lead exposure such as proximity to highways, the presence of current or historical industrial
activities, and aged housing stock which may be indicative of the presence of leaded paint and
plumbing. Additional variables that were considered when evaluating exposure and interpreting
risk estimates include socio-economic factors that may influence the susceptibility of an
individual to lead toxicity such as nutritional deficiencies. Factors that may increase the
potential for overall lead exposure and the occurrence of adverse effects are important to
consider when interpreting risks related to soil concentrations for sensitive sub-populations.
They may also influence the development of risk management strategies to target the most
effective measures to reduce overall exposure and risks related to lead in an urban
environment.

5.1 Summary of the Findings of Task 4

To evaluate the potential health risks associated with soil lead concentrations for those
neighbourhoods identified as being of potential concern, the following tasks were completed:

¢ Blood lead modelling using the US EPA IEUBK model;

e A comparison of soil lead concentrations in the neighbourhoods of potential concern in
Winnipeg with concentrations measured in soils from other urban areas;

e A review of the primary literature to identify relationships between soil lead and BLLs
derived using empirical results; and,

¢ A high-level, qualitative evaluation of the sociodemographic characteristics and general
health status of the identified neighbourhoods of potential concern.
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The assumptions and algorithms used within the IEUBK model are designed to predict the likely
distribution of BLLs in young children. Use of the IEUBK model for a neighbourhood -based
assessment has limitations in that it assumes that all children within a given population will be
exposed to homogenous levels of lead under a similar exposure scenario. In reality, there may
be significant variability in the lead concentrations in media such as indoor dust and backyard
soil across properties within any given neighbourhood. Recognizing this limitation, BLLs were
predicted to represent the geometric mean value for children in ten (10) neighbourhoods
identified as having soil lead concentrations of potential concern. The IEUBK model was run
using arithmetic mean soil concentrations for each of these neighbourhoods, as well as
Winnipeg-specific drinking water and outdoor air concentrations. The concentration of lead in
drinking water was set as 0.17 pg/L which represents the average concentration in treated water
in 2018 (City of Winnipeg, 2019d). As part of the National Air Pollution Surveillance (NAPS)
program, ambient air samples are collected from cities across Canada, including Winnipeg.
Samples are analyzed for particulate matter with an aerodynamic diameter less than 2.5 pm
(PM25). The arithmetic mean concentration of lead associated with PM; s in Winnipeg from the
most recent reported year (2017) was 0.002 pg/m?® (Environmental and Climate Change
Canada, 2017b). This value was selected to represent the concentration of lead in ambient
outdoor air for each of the Winnipeg neighbourhoods considered. Results of this assessment
indicate that predicted geometric mean BLLs for North Point Douglas and Weston were above 2
pg/dL, the value selected as a level of concern to be protective of neurodevelopmental effects in
children. In addition, utilizing a standard factor to account for variability within a population, the
model predicts that there is a greater than 5% probability that a child will have a BLL exceeding
2 pug/dL in each of the ten (10) neighbourhoods considered. Using the 95" percentile soil
concentrations, the geometric mean BLLs were above 2 pg/dL for all neighbourhoods
considered.

While these results may provide a general idea of the average neighbourhood risk potential, a
more accurate method to assess risk may be to consider soil concentrations on a property by
property basis. The results of the IEUBK modelling, using an ambient outdoor air concentration
of 0.002 pg/m?3, a drinking water concentration of 0.17 pg/L, and standard exposure estimates
associated with lead in a North American diet, indicate that a soil lead concentration of
approximately 165 pg/g will result in a mean BLL of 2 ug/dL, and a soil concentration of 50 ug/g
is associated with a 95% probability that a BLL will be below 2 pg/dL. Given that St. Boniface is
the only neighbourhood for which sampling was conducted on residential properties, soil results
from this neighbourhood were used to identify the general proportion of properties that may
contain soil lead concentrations that exceed these values. There are a significant number of
residential properties that contain concentrations of lead in outdoor soil that are above
concentrations associated with a geometric mean BLL of 2 pg/dL (165 pg/g), and a 5%
probability of exceeding a BLL of 2 pg/dL (50 pg/g). Similarly, the results of the 2010 Manitoba
soil investigation indicate that the neighbourhood of North Point Douglas may also have
numerous properties with soil lead concentrations that exceed these criteria. This may also be
true for other Winnipeg neighbourhoods that have not been characterized with the same
sampling intensity.

Overall, the results of the IEUBK modelling indicate that the potential for children’s BLLs to
exceed a level of concern are relatively low for many of the neighbourhoods for which soil lead
results are available, particularly given that most of these areas do not have a significant active
source of lead emissions. Many studies have demonstrated significant decreases in BLLs
following a reduction or elimination of emissions despite the continued presence of elevated
concentrations in soil. There are numerous areas of uncertainty associated with characterizing
opportunities for exposure to soil contamination resulting from historical emissions. However,
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there is a greater potential for children to have elevated BLLs in the neighbourhoods of North
Point Douglas and Weston as a result of the frequency of elevated soil lead concentrations in
these areas. Given that modelling of BLLs was only conducted for those neighbourhoods that
were identified as having 10% or more of samples with concentrations that exceeded the CCME
guideline, there are numerous additional neighbourhoods where sampling has occurred where
the potential for elevated BLLs are considered to be low.

Given the theoretical nature of modelling BLLs based on assumptions of exposure, uptake, and
biokinetics, additional methods for assessing potential risks to Winnipeg residents should also
be considered. This includes consideration of studies in which lead exposure has been
measured via blood lead analysis and used to establish a correlation between BLLs and
concentrations of lead in soil and other environmental media. A review of numerous studies
describing the empirical association between soil lead concentrations and BLLs in children have
shown significant and strong associations between the two variables on a case-by-case basis.
Some models report a linear relationship between soil lead and BLLS, with slopes indicating that
for every 1,000 ug/g increase in soil lead there is an increase in children’s BLL of 1.3t0 1.5
pg/dL. Other studies have reported a curvilinear relationship in which BLLs increase at a much
steeper rate at lower soil concentrations (1.4 pug/dL per 100 ug/g) followed by a more gradual
increase at higher concentrations (0.32 pg/dL per 100 pg/g). It is important to note that
relationships varied significantly across studies and other factors, including seasonal variability
and child age, can have a large impact on lead exposure in children.

Overall, there is a large degree of uncertainty in utilizing empirical results and modelled
relationships to predict BLLs in children. A comparison of the results using each of these
approaches demonstrates that the slope predicted using the IEUBK model is greater than those
derived using empirical data, indicating that BLLs may be overpredicted at incremental
increases in soil lead concentrations in some circumstances. However, at soil lead
concentrations below 100 pg/g, the IEUBK model predicted lower BLLs than the empirical
relationships. At relatively low soil lead concentrations, the curvilinear relationships identified by
Mielke et al. (2007), Johnson and Bretsch (2002), Zahran et al. (2011) may be the most
applicable models for most Winnipeg neighbourhoods. These relationships demonstrate that
BLLs increase at a sharper rate at soil lead concentrations below 100 pg/g, followed by a more
gradual increase around 300 ug/g. Use of these relationships would predict geometric mean
BLLs of greater than 2 pug/dL at concentrations below 100 pg/g, indicating potential concerns for
several Winnipeg neighbourhoods; however, it is unknown if non soil-related exposures in the
neighbourhoods that these relationships were based on are similar to those in Winnipeg. As a
result, there is uncertainty in the application of the empirical results to predict BLLs in Winnipeg
neighbourhoods.

As indicated previously, the IEUBK model is designed to predict the likely distribution of BLLs in
young children. In some instances, the results of the model have been shown to be highly
conservative when compared to measured BLLs. For the community of St. John’s
Newfoundland, soil concentrations were found to be similar or higher than those identified in
areas of Winnipeg, with a 50" percentile of 148 ug/g for all soil samples combined.

Blood lead levels in St. John's were predicted using the IEUBK model to be 6.5 pg/dL for
housing built before 1926, with the geometric mean BLL declining in relation to property age
down to 2.8 pg/dL or less. A follow-up biomonitoring study determined that the geometric mean
BLL in children (less than 7 years of age) living in St. John’s was 1.12 pg/dL (Health Canada,
2013b).
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Contributing to the uncertainty associated with predicting BLLs and the effects of lead exposure
in Winnipeg children is the relatively lower socioeconomic and health status ratings for some of
the neighbourhoods identified as having elevated soil lead concentrations. This includes North
Point Douglas, Weston, Daniel Mclintyre, and Centennial, which share similar characteristics
including lower income, lower rates of employment, lower levels of education, higher proportion
of Aboriginal and visible minority residents, and lower ratings than for the overall City of
Winnipeg for several indicators of health (e.g., disease prevalence, birth weight, mortality rates,
life expectancy).

5.2 Assessment of Potential Risks

The relationship between soil lead concentrations and BLLs was evaluated using the Integrated
Exposure Uptake Biokinetic (IEUBK) model (Section 5.2.1) and empirical results generated by
studies in which both environmental concentrations and BLLs were measured (Section 5.2.2).

521 Use of the IEUBK Model to Predict Blood Lead Levels in Children

The IEUBK model for Windows (IEUBKwin32 Version 1.1 Build 11) was used to predict BLLS in
children in various neighbourhoods within Winnipeg and to provide an estimate of the probability
that a child’s or a population of children’s BLL will exceed a level of concern. The IEUBK
computer model is a physiologically based pharmacokinetic (PBPK) model developed by the US
EPA to predict childhood lead exposure and retention. It has the ability to quantify the
relationship between environmental lead concentrations in different media (e.g., soil, water, air
and food) to BLLs in children of different ages (0 to 84 months) (US EPA, 1994). Estimates of a
likely distribution of BLLsS are centered on the geometric mean concentration and can be used to
calculate the probability that BLLs in children will exceed an acceptable level. A general
description of the IEUBK model is provided in Section 5.2.1.1. The approach in which the
model was applied to predict BLLs in children in Winnipeg is described in Section 5.2.1.2.

5.2.1.1 The IEUBK Model

The IEUBK model is recognized as a highly defensible tool for performing lead risk
assessments. It has undergone rigorous peer review and empirical data supports the accuracy
of its results. The model was developed to account for the unique aspects of lead exposure,
bioavailability, and toxicokinetics. The model is comprised of four main sections or components
which work together to predict BLLs from environmental media concentrations:

e Exposure;
o Uptake;
e Biokinetics; and,
e Variability.
These components are described below.

Exposure Component

Children may come into contact with lead in their environment in a variety of ways, depending
on their daily activities and the ways in which they use their local resources (e.g., yards, parks,
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playgrounds). The path that a chemical travels to reach an environmental medium (e.g., air,
soil, water, food, etc.) that a person may come into contact with is referred to as an exposure
pathway. The means by which a chemical moves from the environmental medium into the body
is called an exposure route. There are three (3) major exposure routes through which
chemicals can enter the body: inhalation, ingestion, and dermal absorption (i.e., through the
skin). The IEUBK model addresses inhalation and ingestion. The likelihood of appreciable
dermal absorption of inorganic lead compounds is low and is considered to be a minor route of
exposure relative to inhalation and ingestion. Therefore, dermal exposure is not included in the
IEUBK model (US EPA, 1994).

The exposure component of the IEUBK model uses both receptor- and media-specific (i.e., soil,
dust, air, water, food) intake rates in combination with environmental media concentrations to
estimate total daily lead intake rates of children on a “ug lead/day” basis. Both media
concentrations and receptor intake rates are controlled by the model user; therefore, “default”
values and/or relationships provided by the US EPA can be supplemented with site-specific
data when available. The IEUBK default receptor-specific media intake rates were based on a
variety of studies that examined typical and/or national average intake rates for specific age
classes of concern in the United States. In the absence of site-specific lead concentrations,
such as indoor dust and indoor air data, the model has the ability to project indoor
concentrations based on measured outdoor soil and air data. The medium of greatest concern
at sites with lead-impacted soil is generally the soil itself. Children can be exposed to sail
through incidental ingestion as a result of play, hand-to-mouth behaviour, or any other activity
that involves oral contact with unclean objects. Furthermore, small children tend to have greater
physical proximity to soil and dust.

The resulting estimated daily exposures of children in ug lead/day are used as input data for the
uptake component of the model.

Uptake Component

The uptake component of the IEUBK model determines what proportion of a child’s total daily
lead intake will be transferred to the child’s blood plasma (where it can be delivered to critical
organ systems) and what portion will be eliminated from the body. Lead uptake can be defined
as the amount of lead absorbed per unit time from both the gut and the lungs into the systemic
circulation of blood (US EPA, 1994). Only a fraction of a child’s total daily intake will actually
enter the systemic blood flow; this fraction is referred to as the absorption fraction.

Absorption data taken from studies in humans, primates and rats suggest a non-linear
relationship between lead intake and lead absorption (US EPA, 1994). Sherlock and Quinn
(1986) conducted a number of diet studies of bottle-fed infants exposed to both lead in water
and formula mixed with lead-impacted water. Sherlock and Quinn (1986) were able to quantify
a relationship between lead intake and lead absorption. The dose dependency of lead
absorption was described by a “curvilinear” relationship (US EPA, 1994). In other words, as the
lead intake rate increased, the rate at which lead was absorbed into the systemic blood system
began to slow down. This type of non-linear absorption kinetics is addressed by the IEUBK lead
model. At higher intake rates (i.e., greater than 200 pg lead/day), the relationship between lead
absorption and lead intake appears to be non-linear, while at doses less than 100 to 200
Hg/day, the relationship appears to be linear in nature (US EPA, 1994). It should be noted that
other factors such as the specific lead compound and particle size could affect the rate of
absorption at lower doses. For example, studies conducted by Barltrop and Meek (1975)
illustrated that lead in a sulfide, chromate, naphthenate or octoate form was 40 to 67% less
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bioavailable relative to lead in the more soluble carbonate form. Table 5-1 provides the default
bioavailability values used by the IEUBK model for each media of concern.

Table 5-1 Default Bioavailability Values used within the IEUBK Model
Media of Concern Absorption Fraction via Gut Absorption Fraction via Lungs
Soil and Dust 30% NA
Diet 50% NA
Water 50% NA
. 32% bioaccessible?
Alr NA 100% bioavailable
a Bioaccessible refers to the amount that reaches the alveoli of the lung.

NA Not applicable.

There are two mechanisms by which lead absorption is characterized; saturable (active) and
non-saturable (passive) absorption. “Saturation” occurs when further absorption is limited by
existing body burden. Uptake rates in the IEUBK model are both media- and age-dependent,
while individual absorption fractions are presented for each media of concern (i.e., dietary, dust,
soil and drinking water). When saturation effects are not occurring, the IEUBK model will
estimate total absorbed lead intake by adding all media specific absorption values, where
absorption from each media is equal to the age dependent intake rate multiplied by the media
specific absorption fraction (US EPA, 1994). However, to more accurately reflect absorption at
higher doses, the saturable mechanism of absorption is also included. Thus, the total lead
absorption is given by the sum of both the active and passive mechanisms of uptake.

Biokinetic Component

The biokinetic component of the IEUBK model calculates the mass of lead in various critical
body compartments over time as a result of physiologic and biochemical processes. This
involves a network of differential equations used by the IEUBK model to estimate the mass of
lead as a function of time within each body compartment. The differential equations used within
the biokinetic model form the basis of the mass balance approach.

The biokinetic model begins by calculating the volumes and weights of each compartment within
a child’'s body as a function of age. The transfer rates between these compartments and
elimination mechanisms are then estimated and an initial BLL is calculated for a newborn child
(including maternal contribution). Lead masses in each body compartment and hence BLLs are
calculated for each iteration or interval of time from birth to 84 months of age (US EPA, 1994).
Lead burdens are estimated for several different compartments within a child’s body, including:

¢ Plasma-extracellular fluid (ECF);
e Red blood cells;

e Liver;

e Kidney;

e Trabecular bone;

e Cortical bone; and,

e Other soft tissue.
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These particular body compartments were selected for a variety of reasons. The liver and
kidney were selected as they are considered potential target sites of toxicity, while bone has a
potential to be a major area for lead accumulation (US EPA, 1994). The whole blood consists of
two compartments, red blood cells and the extracellular fluid (ECF). It is assumed that the
nervous system would be well perfused by blood.

The IEUBK model operates under the assumption that lead is transferred between the ECF
compartment and most other compartments via first-order kinetics and at a rate of transport that
is independent of compartment lead concentrations. The only transfer mechanism that is
dependent on concentration is the transfer rate between plasma and red blood cells. The
IEUBK model assumes that a lead saturation level does exist for red blood cells and therefore,
this transfer coefficient helps to govern the age-dependent accumulation of lead in various
compartments (US EPA, 1994).

The lead mass for each body compartment of a newborn child is the starting point for the
biokinetic algorithm. The masses of each compartment are calculated for each time step from
birth to 84 months of age; the child’s BLL is then calculated as the average monthly value over
the number of time intervals in one month (US EPA, 1994).

Variability Component

Variability in BLLs will exist in any given population of children even if all individuals within that
population are exposed to similar levels of lead. There are many reasons why different BLLs
may exist among a group of similarly exposed children. These include biological and
behavioural variability, differences in food consumption rates, and variability, reproducibility and
analytical errors within environmental lead measurements. The probability distribution
component of the IEUBK model addresses variability of BLLs associated with a typical child or a
population of children. It should be emphasized that the IEUBK model does not address
variability in BLLs as a result of substantially different intake rates among children; rather, it
addresses the variability observed within a group of similarly exposed individuals.

This component of the IEUBK model uses the predicted population geometric mean BLL as
estimated by the previous components of the model and calculates a lognormal probability
distribution of BLLs centered on this estimate. The probability distribution is created by the
application of a geometric standard deviation (GSD) that is based on empirical studies of lead-
exposed children. By generating a probability distribution of BLLs, the model is able to calculate
the probability that a population of exposed children’s BLLs will exceed a selected level of
concern (e.g., set at a less-than 5% probability of exceeding 2 pg/dL). The GSD recommended
for use with the IEUBK model is 1.6. This value is based on a series of empirical studies of
several specific sites throughout North America. A number of statistical methods were used to
derive and verify this GSD and US EPA recommends that the default value of 1.6 be employed
unless there are site-specific empirical studies available.

The predicted distribution of BLLs can also be used to “back-calculate” a soil lead level that
contributes to a benchmark “exceedance” of a particular BLL (given other sources of exposure).

Summary of IEUBK Model
The IEUBK model has become a standard tool for performing lead risk assessments. Variants

of the IEUBK model have been developed that address uncertainty associated with model
variables (e.g., Lee et al., 1995). However, the IEUBK model provides the most scientific,
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widely available method for estimating the risk of exceeding benchmark BLLs as well as
estimating environmental concentrations of lead that may result in elevated BLLs. A number of
studies have confirmed the reliability of the IEUBK model, assuming appropriate inputs, as a
reasonable means of estimating criteria by comparing the model’s results with empirical blood
lead data (e.g., Hogan et al., 1998; Zaragoza and Hogan, 1998).

5.2.1.2 Concentrations used in the IEUBK Model to Predict Blood Lead Levels in
Children in Winnipeg

The IEUBK model was used to predict BLLs for children living in ten (10) Winnipeg
neighbourhoods identified in Section 2.1.4 as being potential areas of concern. Each of these
neighbourhoods were identified during the data review as having more than 10% of soil samples
with lead concentrations above the CCME guideline of 140 pg/g for residential soils. For
comparative purposes, a Background Soil scenario was also considered, where BLLs were
predicted using a background soil concentration of 10 pg/g, which represents the arithmetic
mean lead concentration in glacial tills from across Canada (Health Canada, 2013a).

The model's default exposure parameters and risk characterization assumptions were generally
maintained, while environmental lead concentrations representative of conditions in Winnipeg
were utilized. This allowed for the prediction of BLLs that were reflective of certain site-specific
concentrations of lead in Winnipeg, while still relying on the widely accepted approaches used
within the IEUBK model.

Use of the IEUBK model as a means of predicting the fraction of children in a population that
may exceed a BLL of concern assumes that all individuals are subject to similar exposure
conditions. Individuals within this population that may be exposed to significantly higher
concentrations, particularly for prolonged periods (e.g., a home with elevated levels in a
backyard play area) may be subject to higher levels of lead exposure. Use of lead
concentrations based on arithmetic means is intended to provide a general representation of the
geometric mean BLL in children within a population and the fraction of children which may have
BLLs in excess of a level of concern. For the purposes of the current exercise, children within
each of the neighbourhoods selected for further consideration were assumed to be a population
of similarly exposed individuals.

Although the IEUBK default BLL of concern is 10 pg/dL, this is not considered to be reflective of
the current scientific understanding of the toxicity of lead in children. As a result, the BLL
selected to identify the probability that an individual, or proportion of a population, may exceed a
level of concern was 2 pg/dL as this represents a reasonable estimate of the level associated
with a 1-point decrement in 1Q (JECFA, 2011). As described in Section 4.2.2.2, the use of a
BLL of concern based on a 1-point decrement in 1Q is associated with a potentially high degree
of variability, which must be considered in interpreting potential lead exposure risks. This value
should be considered as a de minimis population-level effect which could likely never be
detected in an individual child (SNC Lavalin, 2012).

As a result of factors such as reduced environmental deposition of lead and the
reduction/elimination of lead solder in the canning process, concentrations of lead in
supermarket food items have declined significantly over the past several years. To address this
reduction in potential lead exposure, the US EPA has provided predicted daily lead exposures
for children associated with the consumption of dietary items based on the 1995 to 2003 US
Food and Drug Administration (FDA) total dietary study (TDS) and food consumption data
collected by the CDC. These updated dietary lead intake values are significantly lower than the
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previous IEUBK default values which were based on US FDA food monitoring data collected in
the late 1980s.

The reduced opportunity for lead exposure has also affected the typical BLL in mothers at
childbirth. Given that the IEUBK model considers the influence of lead transferred from the
mother to the fetus in utero, use of the most applicable maternal BLL is important for the
prediction of BLLs in children. The US EPA (2017) has recommended that the default value for
“Mother’s Blood Lead Concentration at Childbirth” is adjusted from 1.0 pg/dL to 0.6 pg/dL to
reflect the results of the NHANES 2009-2014 data for women 17-45 years of age.

The default exposure parameters used in the IEUBK model are presented in Table 5-2.

Table 5-2 Default Exposure Parameters Used in the IEUBK Model

Receptor Age Categories (Years)

Exposure Parameter

01 | 12 | 23 | 34 | 45 | 56 | 67
Inhalation Pathway
Ventilation Rate (m3/day) 2 3 5 5 5 7 7
Time Spent Outdoors (hrs/ day) 1 2 3 4 4 4 4
Bioavailability (%) 32
Percentage of Lead from Outdoor 30
Air in Indoor Air (%)
Body Weights (kg) 74 | 114 | 134 | 157 | 182 | 204 | 223
Drinking Water Pathway
Consumption Rate (L/day) 02 | o5 [ 052 ] 053 ] 055 | 058 | 059
Bioavailability (%) 50

Soil/ Dust Ingestion Pathway
Soil + Dust Ingestion Rate (g/day) 0.085 | 0.135 | 0.135 | 0.135 | 0.100 | 0.090 | 0.085

Bioavailability in Soil (%) 30

Bioavailability in Dust (%) 30

Soil/Dust Weighting Factor (% Soil) 45

Food Consumption Pathway

Dietary Lead Intake (ug Pb/day) 226 | 196 | 213 | 204 | 195 | 205 | 222
Bioavailability (%) 50

In addition to those values presented in Table 5-2, the use of the IEUBK model to predict BLLs
in children included site-specific levels of lead in outdoor soil, outdoor air, and drinking water
(Table 5-3).

Outdoor and Indoor Air

As part of the National Air Pollution Surveillance (NAPS) program, ambient air samples are
collected from cities across Canada, including Winnipeg. Samples are analyzed for particulate
matter with an aerodynamic diameter less than 2.5 um (PMz5). The arithmetic mean
concentration of lead associated with PM; s in Winnipeg from the most recent reported year
(2017) was 0.002 pg/m? (Environmental and Climate Change Canada, 2017b). This value was
selected to represent the concentration of lead in ambient outdoor air for each of the Winnipeg
neighbourhoods considered. Since indoor air concentrations were not measured, the IEUBK
default assumption was adopted in which concentrations of lead in indoor air are assumed to be
30% of those measured in outdoor air.
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Outdoor Soil and Indoor Dust

To provide a general indication of the estimated BLLs for children in each of the Winnipeg
neighbourhoods identified as being of potential concern based on soil data, the arithmetic mean
soil concentrations were calculated using the results of the investigations conducted by
Manitoba Conservation (2010) and the University of Manitoba (2018).

The IEUBK model includes the Multiple Source Analysis (MSA) module to predict
concentrations of lead in indoor dust. This involves assigning a value to represent the mass
fraction (MSD) of house dust that is derived from outdoor soil. The IEUBK default value for
MSD is 0.70 g soil/g dust. In addition to the contribution of outdoor soil to indoor dust lead
levels, the contribution of impacted outdoor air is also considered in the MSA. An additive
increment of 100 ug/g of lead in indoor dust for every 1 ug/m? of lead in outdoor air is added to
the contribution from outdoor soil. For example, for a given scenario in which the concentration
of lead in outdoor soil is 110 pg/g and the concentration in outdoor air is 0.002 pg/m?3, the
predicted indoor dust concentration would be 77.2 pg/g ((110 pg/g x 0.7) + (100 pg/g x 0.002)).

Drinking Water

The IEUBK default value for lead in drinking water is 4 pg/L. However, the City of Winnipeg
distribution system water quality test results are available for lead in water that has passed
through treatment (City of Winnipeg, 2019d). The average concentration of lead in treated
water as measured from January 1 to December 31, 2018 was reported to be 0.17 pg/L, with a
range of <0.05 to 1.8 pg/L (City of Winnipeg, 2019d). It is estimated that approximately 87% of
homes in the City of Winnipeg do not have lead pipes (City of Winnipeg, 2019b), therefore, use
of an average concentration of 0.17 pg/L is likely representative of exposure for the majority of
residents. However, it should be recognized that exposures related to drinking water may be
underestimated for children living in homes with pipes or fixtures containing lead.

Table 5-3 Environmental Media Concentrations used within the IEUBK Model to
Predict BLLs
Neighbourhood Qutdoor Soil Indoor Dust Outdoor Air Indoor Air Drinking
(Hg/g)? (Hg/g)® (Hg/m3)° (ng/m3)d Water (ug/L)®

Centennial 110 77.2 0.002 0.0006 0.17
Daniel Mclintyre 142 99.6 0.002 0.0006 0.17
Glenelm/Chalmers 71.6 50.3 0.002 0.0006 0.17
North Point Douglas 473 331 0.002 0.0006 0.17
River/Osborne 60.4 42.5 0.002 0.0006 0.17
Sargent Park 93.8 65.9 0.002 0.0006 0.17
St. Boniface 87.8 61.7 0.002 0.0006 0.17
West End 101 70.9 0.002 0.0006 0.17
Weston 224 157 0.002 0.0006 0.17
Wolseley/Minto 74.4 52.3 0.002 0.0006 0.17
Background Soil 10f 7.2 0.002 0.0006 0.17

a

Represents the arithmetic mean soil concentration for all samples collected by Manitoba Conservation
(2010) and University of Manitoba (2017) for each neighbourhood.

b Calculated by the IEUBK model using the MSA module.

¢ Represents the arithmetic mean concentration measured in air associated with the PM2.s component from
samples collected in Winnipeg in 2017 (Environment and Climate Change Canada, 2017b).

d Calculated by the IEUBK model as 30% of the outdoor air concentration.

e Represents the average concentration of lead in treated drinking water in Winnipeg in 2018 (City of

Winnipeg, 2019d).
f Concentration represents the arithmetic mean background soil concentration in glacial tills from across
Canada (Health Canada, 2013a).
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5.2.1.3 Predicted Blood Lead Levels in Children in Winnipeg

Using the IEUBK model, BLLs were predicted for receptors in seven (7) age categories for ten
(10) Winnipeg neighbourhoods. The overall geometric mean BLLs for children of all ages in
North Point Douglas (4.7 pg/dL) and Weston (2.6 pg/dL) were above 2 pg/dL (Table 5-4).
Geometric mean BLLs for all other neighbourhoods were below 2 pug/dL. The highest predicted
BLLs were for the age group of 1 to 2 years, primarily as a result of the high soil/dust ingestion
rate relative to body weight for children of this age. In North Point Douglas, the predicted BLL
for children age 1 to 2 years was 6.1 pg/dL.

In addition to the geometric mean BLLs, 95" percentile values were also calculated for each
neighbourhood. In Table 5-4, the 95" percentile BLLs for each neighbourhood exceeded a level
of concern of 2 ug/dL and were calculated using the following equation as recommended by
U.S. EPA (2002):

Xos = GM X GSD?o5

where:
Xos = Blood lead level at the 95" percentile (ug/dL)
GM = Geometric mean blood lead level (ug/dL)
GSD = Geometric standard deviation of the distribution (1.6)
Zos = Z-score corresponding to the 95" percentile of the standard

normal cumulative distribution (1.645)

The probabilities of exceeding a BLL of concern of 2 pg/dL at the arithmetic mean soil
concentration for each of the ten (10) neighbourhoods are also presented in Table 5-4. The
predicted probability density is developed assuming a GSD of 1.6. This value considers
biological and behavioral differences in receptors, variability in repeat sampling, variability
resulting from sampling locations, and analytical variability and was developed using the results
of empirical studies where both blood lead and environmental lead concentrations were
measured (US EPA, 2002). Itis unclear if this GSD continues to accurately reflect normal
variability given the continuing decline in exposures as reflected in national blood lead
monitoring. The model will allow for the use of a GSD within the range of 1.3 to 1.8 but does not
recommend that users deviate from the default value without scientifically defensible studies
that can be used to develop a more applicable site-specific value.

Using a background soil concentration of 10 pg/g while maintaining all other environmental lead
concentrations as used for each of the ten (10) Winnipeg neighbourhoods, the geometric mean
BLL was predicted to be 0.52 pg/dL. This is similar to the results of the 2016-2017 Canada
Health Measures Survey which reported measured geometric mean BLLs of 0.56 and 0.54
pg/dL for Canadian children ages 3-5 and 6-11 years, respectively. These results are
considered to be reflective of the overall Canadian population, including areas with different
population densities (Health Canada, 2019b). Regional soil lead concentrations are anticipated
to be highly variable among those populations selected for inclusion in the national survey. The
background soil concentration of 10 pg/g is representative of natural conditions rather than
regional background concentrations for urban environments where soil conditions have been
influenced by anthropogenic activities. As a result, a comparison of the predicted BLLs for the
Winnipeg neighbourhoods to those predicted under the Background Soil scenario may
overestimate the differences in BLLs in Winnipeg relative to the majority of the Canadian
population.
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Table 5-4 Predicted Blood Lead Levels in Winnipeg Neighbourhoods of Potential Concern (ug/dL)

Age . Background . Daniel Glenelm/ North Point River/ Sargent St. West Wolseley/
Categories i Centennial hal | Oshorne K if d Weston .
(years) Soi Mcintyre | Chalmers Douglas Par Boniface En Minto
05to1 0.7 1.8 2.2 1.4 5.4 1.3 1.7 1.6 1.7 3.0 15
1to2 0.6 1.9 2.3 1.4 6.1 1.3 1.7 1.6 1.8 3.3 15
2t03 0.5 1.8 2.1 1.3 5.7 1.2 1.6 1.5 1.6 3.1 1.3
3t04 0.5 1.6 2.0 1.2 5.4 1.1 1.5 1.4 1.5 2.9 1.2
4t05 0.4 1.3 1.6 1.0 4.4 0.9 1.2 1.1 1.3 2.3 1.0
5t06 0.4 1.1 1.3 0.8 3.6 0.8 1.0 1.0 1.1 1.9 0.9
6to7 0.4 1.0 1.2 0.8 3.1 0.7 0.9 0.9 0.9 1.7 0.8
Geometric 0.52 15 1.8 1.1 4.7 1.0 1.3 1.3 1.4 2.6 1.2
Mean

95th

Percentile 1.1 3.3 3.9 2.4 10 2.2 2.8 2.8 3.0 5.6 2.6
BLL

Probability of

gﬁegf'zng a 0.20% 27% 41% 11% 97% 7.6% 20% 17% 23% 70% 12%
pg/dL

Bolded BLLs exceed the level of concern of 2 pg/dL.
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Using the neighbourhood of St. Boniface as an example (since it is the only neighbourhood
where soil samples were collected from residential properties), assuming homogeneous
concentrations of lead in environmental media and diet, and incorporating the GSD of 1.6 to
account for variability, the probability density for St. Boniface children shows that approximately
17% of the population of children up to the age of seven are predicted to have BLLs greater
than the level of concern (2 pg/dL) assuming that they are all exposed to a soil concentration
similar to the arithmetic mean (87 pg/g) (Figure 5-1).

Prob. Density (Blood Ph)

15 }l
o 1 2 3 4 5 & T & §F W 11 12
Elood Pb Cone (ug/dL)
Geometric Mean BLL = 1.3 pug/dL BLL of concern =2 pg/dL
% Above 2 ug/dL= 17 GSD=1.6

% Below 2 pg/dL =83

Figure 5-1 Probability Density of Blood Lead Concentrations (ug/dL) in St. Boniface
Children Relative to a Blood Lead Level of Concern of 2 ug/dL at the
Arithmetic Mean Soil Concentration (87 pg/g)

Given that there was a high degree of variability in soil lead concentrations measured
throughout St. Boniface (4.86 to 1,630 pg/g) and other Winnipeg neighbourhoods, the use of the
IEUBK model to predict BLLs using a mean soil concentration may provide a general indication
of theoretical BLLs in children but is not regarded as providing an accurate representation of
BLLs throughout the neighbourhood. Using the 5" and 95" percentile soil concentrations for St.
Boniface (8.87 and 246 ug/g, respectively), the predicted geometric mean BLLs would range
from 0.51 to 2.8 pg/dL.

Soil and dust contributions were the dominant source of BLLs for receptors of all age
categories, followed by diet (Table 5-5). For neighbourhoods with higher soil lead
concentrations, soil and dust represented a higher percentage of total exposure (with a
maximum of 94% for children aged 1 to 2 years in North Point Douglas). Contributions from air
and water were minor relative to the other exposure sources (Figure 5-2).
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Table 5-5 Percent Contribution of Each Exposure Pathway to Total Lead Exposure
for St. Boniface children as Predicted by the IEUBK Model

Age Categories Air Diet Water Soil and Dust

(years)

0.5t01 0.000% 38% 0.55% 62%

1102 0.026% 25% 1.1% 74%

2t03 0.025% 26% 1.1% 73%

3t04 0.026% 25% 1.1% 73%

4105 0.032% 30% 1.5% 68%

50 6 0.067% 34% 1.6% 65%

6t07 0.067% 37% 1.7% 62%

Diet25% Water1.07%

Soil+Dust 74%

Figure 5-2  Contribution of Environmental Media to Lead Exposure in Children Aged 1
to 2 Years in St. Boniface as Predicted using the IEUBK Model

A near-linear relationship between soil lead concentrations and BLLs was predicted using the
IEUBK model across the range of mean soil concentrations for each of the selected
neighbourhoods, with a slightly higher rate of BLL increase at lower soil concentrations (Figure
5-3). Although the model assumes that a curvilinear relationship will occur at higher levels of
exposure (i.e., >200 pg lead/day), predicted exposure levels in children of all ages in each
neighbourhood were well below levels at which this relationship is estimated to occur. The
highest predicted exposure (15.5 pg/day) was for children aged 3 to 4 years from North Point
Douglas.

Given that there are areas in Winnipeg with homes that are known to include lead-containing
plumbing and fixtures, the effect of assuming higher concentrations of lead in drinking water on
the predicted BLLs was evaluated. While the slope of the relationship between varying soil lead
concentrations and BLLs remains consistent, the intercept (or starting point) is dependent on
the other sources of exposure (e.g., drinking water, air, diet, and maternal transfer) that were
assumed to be constant. Figure 5-3 illustrates the relationship between soil lead and BLLs
using the average concentration of lead in drinking water at the municipal source (0.17 pg/L) as
well as at the current Health Canada drinking water guideline (5 pg/L), the previous guideline
(10 ug/L), and an elevated concentration that may not be uncommon for homes with residential
plumbing (20 ug/L). For the neighbourhood of North Point Douglas, the predicted geometric
mean BLL would increase from 4.7 pug/dL at a drinking water concentration of 0.17 pg/L, to 5.1
pg/dL at a drinking water concentration of 5 pug/L. With increases of the drinking water
concentration to 10 and 20 pg/L, the predicted geometric mean BLLs would increase to 5.4 and
6.1 pg/dL, respectively. This represents a BLL increase of approximately 0.3 pg/dL for every
incremental increase of 5 pg/L in drinking water concentration across this range.
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Soil Lead (pg/g)

@Drinking Water = 0.17 pg/L @ Drinking Water = 5ug/L @ Drinking Water = 10 pg/L @ Drinking Water = 20 pg/L

Figure 5-3  Predicted Geometric Mean Blood Lead Levels at Arithmetic Mean Soil
Concentrations Across Winnipeg Neighbourhoods using Four Different
Drinking Water Concentrations

In addition to predicting BLLs for each of the neighbourhoods of potential concern, the IEUBK
model was used to calculate a soil concentration (50 pg/g) protective of a 5% probability of
exceeding a BLL of 2 pug/dL in which concentrations of lead in air and drinking water, and total
dietary lead intake, remained constant (Figure 5-3). The model also estimated that a soil
concentration of 165 pg/g is associated with a geometric mean BLL of 2 pg/dL.

Prab. Dengity [Binod ]
125

100

n 1 2 1 4 5 B 7 L] L] 1 n
Blaod P Cone [gfdL]

Geometric Mean BLL =0.92 pg/dL BLL of concern =2 pg/dL
% Above 2 pg/dL=4.9 GSD=1.6
% Below 2 pg/dL =95

Figure 5-3  Probability Density of Blood Lead Levels Associated with a 5% Probability
of Exceeding a Blood Lead Level of Concern of 2 ug/dL (Outdoor Soil
Concentration of 50 pg/g)
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Using the results of the University of Manitoba soil investigation for only those samples collected
from residential properties (i.e., excluding samples collected from commercial properties, parks,
playgrounds, etc.), approximately 50% of the sampled residential properties contained
concentrations of lead that exceeded 50 ug/g, while approximately 12% exceeded a
concentration of 165 pg/g (Figure 5-4). Lead concentrations for some properties are based on
samples that were collected from gardens that included amended soils which are likely to have
significantly lower concentrations than areas that were exposed to historical deposition. In
addition, samples were collected from a depth of 0 to 10 cm during this study. Given that lead is
not expected to appreciably migrate through the soil column over time, sampling at this depth
may have resulted in a dilution of the more heavily impacted surface soils with those found at
deeper depths that were not historically exposed to deposited particulates. As a result, this
comparison may have underestimated the number of properties within St. Boniface that have
lead concentrations above these criteria in non-amended soils.

mm Measured Concentration (ug/g) Soil Lead Concentration (50 pg/g) Soil Lead Concentration (165 ug/g)
1600

1400
1200

1000

Soil Lead Concentration (ug/g)
[o2) o]
o o
o o

400
200

| L 1 |
0 i [1 TR

TN R A TR |

I
I i
1]

Residential Properties in St. Boniface

Figure 5-4  Concentrations of Lead on Residential Properties in St. Boniface Relative
to Soil Concentrations Protective of a Geometric Mean BLL of 2 pg/dL (165
Hg/g) and a 5% Probability of Exceeding a Blood Lead Level of Concern of 2

Hg/dL (50 pg/g)

The number of sample locations from residential boulevards in the neighbourhood of North
Point Douglas with concentrations in excess of these criteria were also examined. The results
of the 2010 Manitoba soil investigation were considered in this comparison since these samples
were collected at a depth of 0-2.5 or 0-5 cm which is considered to be more representative of
soils that may be encountered on a regular basis relative to those samples collected at 0-7.5 cm
during the 2019 investigation. Arithmetic mean soil lead concentrations in North Point Douglas
were also notably higher at the 0-2.5 or 0-5 cm range (473 pg/g) in the 2010 investigation
relative to the 0-7.5 cm range (195 pg/g) in the 2019 investigation. For those locations where
samples were collected at both 2.5 and 5 cm, the 2.5 cm sample was selected to represent the
lead soil concentration at that location. This comparison indicated that 21 of 23 locations (91%)
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contained concentrations of lead that exceeded 50 pg/g, while 17 of 23 (74%) locations
exceeded a concentration of 165 pg/g (Figure 5-5). Assuming that concentrations measured
along these boulevards are reflective of conditions on residential properties, a significant
proportion of this neighbourhood may contain soil lead concentrations that exceed these criteria.

mmmm Measured Concentration (ug/g) = Soil Lead Concentration (50 pg/g) Soil Lead Concentration (165 ug/g)

1800
1600
1400
1200

1000

800
600
200 | | I - - ||

North Point Douglas Sample Locations

Soil Lead Concentration (ug/g)

Figure 5-5  Concentrations of Lead on Boulevards in North Point Douglas Relative
to Soil Concentrations Protective of a Geometric Mean BLL of 2 pg/dL (165
Hg/g) and a 5% Probability of Exceeding a Blood Lead Level of Concern of 2

Hg/dL (50 ug/g)

5.2.1.4 Conclusions of the IEUBK Modelling

Use of the IEUBK model for a neighbourhood -based assessment has limitations in that it
assumes that all children within a given population will be exposed to homogenous levels of
lead under a similar exposure scenario. In reality, there may be significant variability in the lead
concentrations in media such as indoor dust and backyard soil across properties within the
neighbourhood. Recognizing this limitation, BLLs were predicted to represent the geometric
mean value for children in ten (10) neighbourhoods identified as having soil lead concentrations
of potential concern. Results of this assessment indicate that geometric mean BLLs for North
Point Douglas and Weston were above 2 pg/dL, and that there is a greater than 5% probability
that a child will have a BLL exceeding 2 pg/dL in each of the ten (10) neighbourhoods
considered. Using the 95" percentile soil concentrations, the geometric mean BLLs were above
2 pg/dL for all ten (10) neighbourhoods considered.

Overall, the results of the IEUBK modelling indicate that the potential for children’s BLLs to
exceed a level of concern are relatively low for many of the neighbourhoods for which soil lead
results are available, particularly given that most of these areas do not have a significant active
source of lead emissions. Many studies have demonstrated significant decreases in BLLs
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following a reduction or elimination of emissions despite the continued presence of elevated
concentrations in soil. There are numerous areas of uncertainty associated with characterizing
opportunities for exposure to soil contamination resulting from historical emissions. However,
there is a greater potential for children to have elevated BLLs in the neighbourhoods of North
Point Douglas and Weston as a result of the frequency of elevated soil lead concentrations in
these areas.

Given that modelling of BLLs was only conducted for those neighbourhoods that were identified
as having 10% or more of samples with concentrations that exceeded the CCME guideline,
there are numerous additional neighbourhoods where sampling has occurred where the
potential for elevated BLLs are considered to be low. It must be noted that the available
sampling data for these and most other Winnipeg neighbourhoods may not be representative of
soil concentrations on residential properties throughout these areas. Sampling conducted by
the Province was restricted to public lands including boulevards, parks, and schools. In
particular, sampling from the Weston neighbourhood was heavily focused on the Weston
Elementary school yard which may or may not be representative of the variability of
concentrations throughout this neighbourhood. The soil investigation conducted by the
University of Manitoba for the neighbourhood of St. Boniface consisted of the collection of 174
samples, including sampling on approximately 150 residential properties. As a result, the
variability in soil lead concentrations in this neighbourhood is probably more accurately
characterized than for other neighbourhoods.

While these results may provide a general idea of the average neighbourhood risk potential, a
more accurate method to assess risk may be to consider soil concentrations on a property by
property basis. The results of the IEUBK modelling using an ambient outdoor air concentration
of 0.002 pg/m?3, a drinking water concentration of 0.17 pg/L, and the standard exposure
estimates associated with lead in a North American diet, indicates that a soil lead concentration
of approximately 165 pg/g will result in a mean BLL of 2 ug/dL, and a concentration of 50 ug/g
will result in a 5% probability of exceeding a BLL of 2 ug/dL. Using the results of the St.
Boniface soil investigation, there are a significant number of residential properties that contain
concentrations of lead in outdoor soil that are above concentrations associated with a geometric
mean BLL of 2 pug/dL (165 pg/g), and a 5% probability of exceeding a BLL of 2 pg/dL (50 ug/g).
Similarly, the results of the 2010 Manitoba soil investigation indicate that the neighbourhood of
North Point Douglas may also have numerous properties with soil lead concentrations that
exceed these criteria. This may also be true for other Winnipeg neighbourhoods that have not
been characterized with the same sampling intensity.

As indicated previously, the IEUBK model is designed to predict the likely distribution of BLLs in
young children exposed to lead through various exposure pathways. In some instances, the
results of the model have been shown to be highly conservative when compared to measured
BLLs. For the community of St. John’s Newfoundland, soil concentrations were found to be
similar or higher than those identified in areas of Winnipeg, with a 50" percentile of 148 ug/g for
all soil samples combined. Blood lead levels in St. John’s were predicted using the IEUBK
model to be 6.5 pg/dL for housing built before 1926, with the geometric mean BLL declining in
relation to property age down to 2.8 pg/dL or less. A follow-up biomonitoring study determined
that the geometric mean BLL in children (less than 7 years of age) living in St. John’s was 1.12
pg/dL (Health Canada, 2013b).

Given the theoretical nature of modelling BLLs based on assumptions of exposure, uptake, and
biokinetics, additional methods for assessing potential risks to Winnipeg residents should also
be considered. This includes consideration of studies in which lead exposure has been
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measured via blood lead analysis and used to establish a correlation between BLLs and
concentrations of lead in soil and other environmental media.

5.2.2 Empirical Evidence of the Relationship Between Lead in Soil and Blood
Lead Levels

Understanding the relationship between soil lead concentrations and corresponding BLLs in

children is important for assessing potential risks and developing risk management strategies.

A review of the primary literature was conducted to identify studies in which an empirical
approach was used to investigate this relationship. This review focused on studies published
after the year 2000 to characterize relevant, present-day exposures that are comparable to
current conditions in the City of Winnipeg. These more recent investigations are reflective of
opportunities for lead exposure following the phasing-out of lead from fuel, paint, solder, and
plumbing components, as well as ongoing improvements in emissions management. Studies
that included soil lead measurements in urban areas were considered separately from those
that focused on communities that were impacted by a distinct point source. Emphasis was
placed on studies that included soil measurements for residential properties, schools, play
areas, or parks to ensure that the data were relevant to the assessment of risks for the
Winnipeg neighbourhoods under examination. Additional details regarding these studies are
available in Tables C-1 and C-2 within Appendix C. A summary of studies with available soil
lead data and measured or predicted BLLs is provided in Table 5-6.
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Table 5-6

Summary of Identified Studies Examining Soil Lead Concentrations and Predicted or Measured Blood Lead Levels

Location

Sample Characteristics

Soil Results

BLL

Reference

Residential and play
areas, Philadelphia,
Pennsylvania

N=38 Sample depth: 1 -2 cm

BLL
N=49 children from sampled
residences

Total lead concentrations:
659 ug/g (median)
58 to 2821 ug/g (range)

Bioaccessible lead concentrations:
681 pg/g (median)
47 to 2,567 pg/g (range)

Measured BLL.
Mean 3 pg/dL; median 1.8 pg/dL, range
0.3 10 9.8 ug/dL

(Bradham et al., 2017)

Sydney estuary
region, Sydney,
Australia

N=341 soil samples
Sample depth: 0 —2.5cm

Residential areas: 210 ug/g (mean)
85 ug/g (geometric mean)

Open space land use: mean 71
pg/g; geometric mean 42 pg/q)

Predicted BLL: IEUBK model used,
assumed absolute bioavailability of
34%.

BLL estimated to range from 1.3 to 16.8
pg/dL, geometric mean 2.0 pg/dL

(Laidlaw et al., 2017)

Residential areas,
Metropolitan
Melbourne, Australia

N=250, Sample depth: 0-2 cm

Mean 193 ug/g, median 110 ug/g,
geometric mean 108 pg/g, range 8-
3341 ugl/g

Predicted BLL: IEUBK model used,
assumed absolute bioavailability of
34%.

Mean 2.9 pg/dL, geometric mean 2.5
pg/dL, range 1.3 to 22.5 pg/dL

(Laidlaw et al., 2018)

Residential soils near
five historic smelter
operations, Pueblo
(Bessemer), Colorado

N=31 samples collected from three
different zones representing distances
from smelters

Sample depth: 0-5 cm

N=240 children (ages -0-11 years)
evaluated for BLL

126 ug/g (median, all zones)
12 to 10,011 pg/g (all zones)

Measured BLL. 18/240 children (7.5%)
had BLL > 5 pg/dL

Mean and geometric mean not
determined due to detection limit issues

(Diawara et al., 2018)

Residential soils,
France (various
locations)

Soil N=315, depth not clear

BLL
N=484 children (ages 6-months to 6-yr)
in France

Mean 33.9 ug/g, median 27.2 ug/g

Measured BLL. Geometric BLL in
children (ages 6-months to 6-yr)
determined to be 1.38 pg/dL).
95th percentile BLL (population
weighted) was 3.28 pg/dL

(Etchevers et al.,
2015)

Residential soils,
Syracuse, New York

N=194 samples, Sample depth: 0-10
cm
Sample cores collected

BLL. N=12,228 blood samples from
children ages 0-6 years, from
Onondaga County Health Department

Geometric mean 80 ug/g.

95% of samples presented
concentrations in the range of 20-
800 ug/g

Measured BLL. Over 27.6% of the
children sampled (n=3375) had BLL
above 10 pg/dL.

Geometric mean between 4 to 6 ug/dL
(estimated)

(Johnson and Bretsch,
2002)

Residential soils,
Flint, Michigan

Soil N=248 samples,
Sample depth: 7.6-10 cm from lawns,
and up to 18 cm in gardens

Inner city: range 126-222 ug/g
Within City boundary: range 0 to
222 uglg

Measured BLL. BLL — only percentages
at or above 5 pg/dL discussed. 3.6% of
children in Flint had BLL greater than 5
pg/dL before 2014, which rose to 7% in
2014

(Laidlaw et al., 2016)
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Table 5-6

Summary of Identified Studies Examining Soil Lead Concentrations and Predicted or Measured Blood Lead Levels

Location

Sample Characteristics

Soil Results

BLL

Reference

Sydney estuary (Port
Jackson) catchment
area, Sydney
Australia in 2011

N=341, sample depth 0 to 2.5 cm

All areas combined: mean 133
Ho/g; median 61 pg/g, geometric
mean 65 pug/g

Residential areas: mean 210 pg/g;
geometric mean 85 pg/g

Open space land use: mean 71
1g/g; geometric mean 42 ug/g

Predicted BLL: IEUBK model. Overall
BLL estimated to be 2.0 pg/dL, ranging
from 1.3 to 16.8 pg/dL. Approximately
8.8% of the estimated BLL were above
5 pg/dL, and 2.3% above 10 pg/dL.

(Laidlaw et al., 2017)

Residential soils,
Metropolitan
Melbourne

N=250, sample depth 0-2 cm

Residential soil lead: 193 ug/g
(mean), 110 pg/g (median), 108
Ho/g (geometric mean), 8 -3341

Hg/g (range)

Predicted BLL: IEUBK model BLL: 2.9
ug/dL (mean), 2.3 pg/dl (median), 2.5
po/dL (geomean), 1.3 to 22.5 pg/dL
(range)

(Laidlaw et al., 2018)

Residential soils near
Superfund site

N=34 composite samples

BLL, N= 70 children (ages 1-11 years)
from 34 different residences sampled

Geometric mean: 16.9 pg/g, range:
5.39 to 59 ug/g.

Measured BLL. All BLL were less than 5
Hg/dL

(Loh et al., 2016)

Residential soil, New
Orleans, Louisiana

N=5,467 surface soil samples (0-2.5
cm depth) stratified by census tracts
BLL data collected by the Louisiana
Childhood Lead Poisoning Prevention
Program before and after Hurricane
Katrina in 2005 (a major weather event
that altered lead deposition in the city).

Soil lead: 6 to > 1,600 ug/g

Areas divided into high lead (> 100
pg/g) and low lead (< 100 pg/g)
areas

Measured BLL. The proportion of BLL
greater or equal to 5 pg/dL was
compared pre- and post Hurricane
Katrina:

High-lead group (pre-Katrina): 58.5%
were > 5 pg/dL, Low-lead group (pre-
Katrina): 24.8% > 5 ug/dL

High-lead group (post-Katrina): 29.6%>
5 pg/dL. Low-lead group (post-Katrina)
7.5% > 5 pg/dL.

(Mielke et al., 2014)

Urban soil samples,
New Orleans,
Louisiana

N=5,467 surface soil samples (0 to 2 or
3 cm depth)

High Lead (> 100 pg/g), median

366 pg/g, range 2.5 to 52,798 pg/g.

Low Lead (< 100 pg/g) median 44
Hg/g, range 2.5 to 10,184 ug/g

Measured BLL.

High lead areas:

Pre-Katrina median BLL: 5.6 pug/dL

Post-Katrina median BLL: 3.0 pug/dL
Low lead areas:

Pre-Katrina median BLL: 3.0 pg/dL

Post-Katrina median BLL 3.0 pg/dL

(Mielke et al., 2017)

Residential soils,
Indianapolis, Indiana
in proximity to Avanti
Superfund Site

Soil. N=266 samples, 0-5 cm.
BLL: data for 1999-2008 evaluated.

N=12,431 Children (ages 0 — 5 years,
with continuous BLL data)

Soil: WESCO community, 259 pg/g
(mean), range: < 50 pg/g (min) to
1,635 pg/g (max).

Measured BLL (all children):
Marion County (n=12,431), average
2.76 pg/dL, geometric mean 1.81 pg/dL.

WESCO neighbourhood (N=883),
average 4.28 ug/dL, geometric mean
2.9 ZIP Code 46222 (includes WESCO,
n=1,664), average 3.45 pg/dL,
geometric mean 2.90 pg/dL

(Morrison et al., 2013)
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Table 5-6

Summary of Identified Studies Examining Soil Lead Concentrations and Predicted or Measured Blood Lead Levels

Location

Sample Characteristics

Soil Results

BLL

Reference

Residential areas,
France

N=315 soil samples

BLL
N=484 children (6 months to 6 years)

Soil: geometric mean 25 ug/g,
range < 1to 3,075 pug/g

Measured BLL. BLL geometric mean
1.4 pg/dL, range 0.26 to 30.8 pg/dL

(Oulhote et al., 2013)

Urban lead
concentration near
primitive e-waste
recycling facility,
Montevideo, Uruguay

N=40 samples

N=69 children and adolescents

Soil lead: mean 7,103 ug/g, range
650 to 19,000 ug/g

Measured BLL.

First measurement: 0.3 to 28.4 ug/dL,
mean 9.19 ug/dL,

BLL second measurement (within 1-
year), mean 5.86 ug/dL, range 0 to 19
pg/dL

(Pascale et al., 2016)

Playground soails,
Beijing, China

N=71, sample depth 10 cm

Soil lead: mean 36.2 ug/g, range
7.80 to 326 pgl/g

Predicted BLL: IEUBK model and ALM
used.

BLL average 0.64 ug/dL, range 0.12 to
33.6 pg/dL.

(Peng et al., 2019)

Residential soils near
former smelter,
Bunker Hill, Idaho

Data from several communities
evaluated retrospectively

Kellogg, N=118 children, ages 1-9yr)
Page (N=15, ages 1-9 yr)
Pinehurst (N=117, ages 1-9 yr)

Kellogg. Geometric mean: 435
Ho/g.

Page. Geometric mean: 287 ug/g
Pinehurst: Geometric mean: 369
Soil (geometric mean) 287 ug/g

Predicted BLL: IEUBK model used.
Kellogg: BLL (geometric mean) 6.3
po/dL

Page: BLL (geometric mean) 5.2 pg/dL
Pinehurst: BLL (geometric mean) 3.7
Hg/dL

(von Lindern et al.,
2016)

Residential soils, New
Orleans, Louisiana

n=5,467, sample depth 0-2.5 cm,
stratified by census tract

BLL data for n-55,551 children (mean
age 30.22 months, range 6-72 months)
from 280 different census tracts
between 2000-2005

Mean 249.42 ug/g, range 6.2 to
1789 ug/g

Measured BLL. BLL mean 5.68 ug/dL,
range 0 to 117 pg/dL

(Zahran et al., 2011)
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5.2.2.1 Common Features of Lead in Urban Environments

While some studies were identified that examined soil lead concentrations related to specific
point sources (Table C-2 of Appendix C), several other studies of urban areas in various
locations in Canada, the United States, Australia, and Europe were identified (Table C-1 of
Appendix C). The discussions of studies of lead in urban areas were primarily focused on the
potential historical impacts of lead in these areas.

In the available studies of urban areas, the city centre, city core, or metropolitan areas typically
presented the highest soil lead concentrations. The majority of the studies involved sampling
depths of less than 5 cm, and thus are representative of soils that people may be exposed to
during normal daily activities. Lead contamination was attributable to past emissions from
historical industrial and transportation related sources (leaded fuels, mechanical parts), coal
burning, and older housing with leaded paint (ATSDR 2019; Brown et al., 2008, Massas et al.,
2010; Laidlaw et al., 2018; Mielke et al., 2014; Mielke et al., 2017; Rasmussen et al., 2001).
Residential soils were reported to be more strongly associated with BLL than soils from
foundations, busy streets, or open spaces (Zahran et al., 2013a). Higher lead concentrations in
soils have been identified in soils collected near major traffic thoroughfares and in areas with
exterior lead paint in various cities, including Sydney (Laidlaw et al., 2017) and Melbourne,
Australia (Laidlaw et al., 2018).

In general, playground and sports field soils in various areas of China, Europe, and Mexico in
the studies reviewed were found to have median lead concentrations less than 110 pg/g, with
most median concentrations being below 70 ug/g (De Miguel et al., 2007; Glorennec et al.,
2012, Gonzalez-Grijalva et al., 2019; Massas et al., 2010; Peng et al., 2019; Piekut et al., 2019).
Playground soils may have been impacted by the addition or replacement of aggregate, or other
fill material over time, as was noted in the study of Spanish playgrounds by De Miguel et al.,
(2007). Similarly, it is possible that garden soils are amended or replaced over time. As a
result, there may be some uncertainty in directly comparing playground or garden soils from one
area to another.

5.2.2.2 Relationships between Soil Lead Concentrations and BLLs in Urban
Environments

In several studies, the potential influence of historically deposited lead in soil on contemporary
human exposure was examined. An investigation of airborne particulate composition in El
Paso, Texas concluded that lead contaminated soil resulting from historical deposition from
anthropogenic sources such as leaded gasoline and industrial emissions is a long-term
reservoir of lead that can be re-suspended into airborne particulate (Pingitore et al., 2009). A
study of lead contamination in proximity to the Avanti Superfund site in Indianapolis, Indiana by
Morrison et al. (2013) also found evidence that previous lead emissions deposited in un-
remediated areas may be re-suspended and serve as a current exposure source. In addition to
soil samples (n=266) from residences at varying distances from the Superfund site, dust
samples were collected from furnace filters from a subset of homes (n=12). Blood lead levels in
children ages 0-5 years were also evaluated. Although no direct relationship between soil lead
concentrations and children’s BLLs were identified in relation to a spatial scale of 100 m, the
authors concluded that the resuspension of impacted soils was occurring based on the
observed indoor lead concentrations. Approximately 60% of the variation in lead furnace dust
concentrations between the samples were accounted for by soil lead concentrations on those
same properties. Although several areas within Indianapolis were identified as having older
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(pre-1960) housing, no statistically significant relationship between housing age and BLLs was
identified (Morrison et al., 2013).

Zahran et al. (2013b) investigated the relationship between BLLs and soil sample locations,
including soil samples collected within 1 m of busy streets, residential streets, and home
foundations, as well as in open spaces (away from roads, buildings — such as large residential
lots or parks). Results indicated that soils collected within 1 m of residential streets most
reliably predicted children’s BLLs. Regression decomposition results showed that residential
street soils accounted for 39.7% of between-neighbourhood explained variation in BLLS,
followed by busy street soils (21.97%), open space soils (20.25%), and soils around the
foundation of homes (18.71%).

Seasonal variability in BLLs have been reported in association with soil lead re-suspension,
open windows, and direct contact. Blood lead data analysis for children less than 6 years of
age in suburban and rural areas adjacent to, and including, Flint Michigan were analyzed by
Laidlaw et al. (2016) for the years between 2010 and 2015 (note: the water supply change
which resulted in the well documented elevated concentrations of lead in drinking water was
made in April 2014). Between 2010 and 2013, BLLs were consistently higher in Flint relative to
the State of Michigan as a whole and Genessee County (of which it is part) during the third
quarter of the year (e.g., the months of July, August and September), with approximately 3.6%
of measured BLLs being greater than or equal to 5 pg/dL. During the third quarter of 2014 (the
summer immediately following the switch of the drinking water source), the percentage of
children with a BLL greater than or equal to 5 pg/dL doubled to 7%. As part of this study, soll
data collected in Flint between 2011 and 2015 (n=248) as part of a food survey were included in
the analysis. Air quality data for Flint was not available for lead. Laidlaw et al. (2016) identified
that the soil lead concentrations within the metropolitan centre were higher than soils along the
outskirts, which is typical of other urban areas with historical lead deposition from gasoline,
paint, and industrial emissions. A strong overlap was also identified in the areas with elevated
soil lead, and the parts of the distribution network within Flint that were found to have increased
lead concentrations in drinking water. Laidlaw et al. (2016) concluded that elevated BLLs with
clear seasonal variability were evident in the Flint area before the contamination event that
arose as a result of the change in water supply for part of the City. The data suggest that
seasonal resuspension of lead was an important exposure source, that combined with lead
leaching from the water pipes in warmer weather, contributed to increased in BLLs in the
warmer months. The potential influence of the warmer weather resulting in more time spent
outdoors and greater opportunity for exposure to lead in soils was not addressed in this study.
Once the water supply change issue was identified, much attention was focused on that, with
less attention on the patterns already evident in the BLL data. As a result, Laidlaw et al. (2016)
emphasize that consideration of lead in surface soil, as well as drinking water, should be
considered together with respect to mitigation measures.

Zartarian et al. (2017) completed multi-media modelling of lead exposure for children ages 0-7
years utilizing a probabilistic approach with the US EPA SHEDS multi-media model combined
with the IEUBK model. Exposure from soil, drinking water, dust, food, and air were evaluated
with the intent to determine lead concentrations in drinking water that would result in a BLL
below 5 pg/dL. The soil and dust pathways were determined to be the most dominant routes of
exposure to lead in US children between the ages of 0 and 2 years, followed by the ingestion of
drinking water. The model was found to be especially sensitive to soil and dust ingestion rates
for children between the ages of 0 and 7 years old. The modelling concluded that daily
exposure to drinking water containing less than approximately 2.5 ug/L lead is associated with

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 153



O
intrinsik

97.5% of BLLs being below 5 pg/dL, with all other exposure pathways remaining constant in the
model (Zartarian et al. 2017).

Oulhote et al. (2013) concluded that lead concentrations in exterior soils, as well as tap water
and floor dust, were significantly associated with BLLs and represented primary sources of
exposure. However, when the potential impact of lowering lead guidelines or intervention levels
in each of these media were evaluated, only potential reductions in tap water concentrations
and interior floor dusts remained statistically significant, suggesting that water and interior dust
have a greater influence on BLLs.

Ren et al. (2006) found that lead in soil at concentrations of less than 500 pg/g resulted in BLLs
of approximately 5 pg/dL in children living in urban areas in China. The study measured BLLs
and soil lead at ten kindergartens in Shenyang, China where lead pollution resulted primarily
from automobile exhaust and industrial emissions. Concentrations of lead in soil at
kindergartens ranged from 53 to 350 ug/g, and BLLs in children aged 3 to 5 years ranged from
approximately 1 to 5 ug/dL. The BLLs were lower in the younger children, with levels ranging
from approximately 1 to 1.85 pg/dL in 3-year olds, 1 to 2.3 ug/dL in 4-year olds, and up to a
maximum of 5 pg/dL in 5-year olds (Ren et al., 2006).

A blood lead screening study (Decou et al., 2001) was commissioned by the Regional Niagara
Public Health Department in 2001 to determine exposure to, and potential health impacts of,
lead in Port Colborne, Ontario, and specifically the Eastside Community in which elevated soil
lead concentrations were identified (arithmetic mean of 203 ug/g and a maximum of 1,350
pg/g). Intotal, 1,065 individuals were screened, with approximately one-third of all participants
from the Eastside Community. The geometric mean BLL for the Eastside Community was
reported as 2 pug/dL. While BLLs for children were compared to soil data for collection sites on
each particular residential property, no statistical relationship was apparent between the two
variables. Based on the results of the blood lead screening program, average Eastside
Community BLLs were considered to be low and similar to those observed in the rest of Port
Colborne, as well as other similar Ontario communities. The researchers concluded that
children and pregnant women in the Eastside Community were not at an increased risk of lead
exposure as compared to other communities in Ontario, despite the localized elevated soil lead
concentrations (Decou et al., 2001).

In a study conducted by Etchevers et al. (2015), the authors investigated the contribution of
environmental sources of lead to BLLs in children in France. BLLs were measured in children
(n=484; age 6 months to 6 years) in a cross-sectional survey in 2008-2009, and lead
concentrations were measured in different environmental samples (water, soils, household
settled dusts, paints, cosmetics, and traditional cookware) collected within and/or outside (e.g.,
backyard) the children’s residential dwelling. Two types of modelling were performed, including
a multivariate generalized additive model on the geometric mean, and a regression model on
the 10™, 25™ 50™, 75" and 90" percentile of BLLs. The geometric mean BLL was 1.38 pg/dL
(95% confidence interval (Cl): 1.27-1.49 ug/dL) and the 90" percentile was 2.57 ug/dL (CI: 2.42-
2.95 pg/dL). Although household and common area dust, tap water, interior paint, ceramic
cookware, traditional cosmetics, playground soil and dust, and environmental tobacco smoke
were associated with the geometric mean of BLLs, household dust and tap water made the
largest contributions to both the geometric mean and the 90™ percentile of BLLs. Lead
concentrations in tap water at >5 pg/L were positively correlated with the geometric mean, 75"
and 90" percentiles of BLLs in children drinking tap water. Furthermore, the concentration of
lead in dust was positively correlated with all percentiles of BLLs even at low concentrations.
(Etchevers et al., 2015). These results are consistent with Rasmussen et al. (2001) which

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 154



O
intrinsik

concluded that only about 2-4% of total daily lead exposure is related to outdoor soils based on
a study in Ottawa, Ontario. Dust concentrations in Ottawa were found to be approximately 5-
times higher than outdoor soil concentrations among the 50 residences included in the study
(Rasmussen et al. 2001).

Bradham et al. (2017) examined the relationship between total or bioaccessible lead
concentrations in soil and children BLLs in an urban neighbourhood in Philadelphia,
Pennsylvania with a history of soil lead contamination. The bioaccessible concentration was
determined via in vitro bioaccessibility assay and represents the fraction of the total soil lead
concentration that is released from ingested soil and available for absorption. BLLs were
measured in 49 children (1 to 7 years old) and soil samples were collected from the 38 homes
associated with these children (some homes had more than one child). Hierarchical models
were used to compare relationships between total or bioaccessible lead concentrations in soil
and children BLLs. Total soil lead concentrations ranged from 58 to 2,821 ug/g and
bioaccessible lead concentrations ranged from 47 to 2,567 ug/g, while children’s BLLs ranged
from 0.3 to 9.8 pug/dL. As shown in Figure 5-6, a significant positive relationship was found
between BLLs in children and soil lead levels (both total and bioaccessible). Furthermore,
hierarchical modelling showed that both total and bioaccessible lead concentrations in soil were
significant predictors of BLL at the 99% confidence interval (p=0.0036 and p=0.0014,
respectively). The hierarchical BLL model based on total soil lead concentrations had an
intercept of 1.3 pug/dL BLL and a slope of 1.3 ug/dL BLL per 1,000 ug/g increase in total lead
concentrations, while the fitted hierarchical model with bioaccessible lead concentrations had an
intercept of 1.2 ug/dL BLL and a slope of 1.5 ug/dL BLL per 1,000 ug/g increase of
bioaccessible lead in soil. These results were consistent with past reports of BLL increases
ranging between 0.6 to 6.8 pg/dL for every 1,000 pg/g increase in soil lead (Duggan, 1980;
Lanphear et al., 1998; US EPA, 1983). However, children’s age did not contribute significantly
to the prediction of BLLs. Therefore, based on the findings of this study, the authors suggest
that for every 1,000 ug/g increase in soil lead, there is an increase of 1.3 to 1.5 pg/dL in children
BLLs.

Blood Pb (ug/dL)

0 1000 2000 3000
Soil Pb (mg/kg) : + Bioaccessible @ Total

Figure 5-6  Relationship between total or bioaccessible soil lead and BLLs in Children
(Bradham et al., 2017).

The occurrence of hurricane Katrina in 2005 and its impact on the City of New Orleans allowed
for an evaluation of the effects of the resulting soil re-distribution and the reconstruction of
housing within inner-city areas on BLLs. Several studies of the relationship between
environmental lead exposure, BLLs, and human health have been completed within the New
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Orleans area since 2001. The natural intervention of Hurricane Katrina in 2005 resulted in mass
flooding and the deposition of new soils and sediment transported via floodwaters from other
areas, a circumstance that allowed for the examination of soil lead concentrations and BLLsS
before and after the incident within the population (Mielke et al., 2019). In addition, housing in
older communities that were known to be affected by lead-based paint were demolished after
the flooding and reconstructed. The median soil lead concentration before the hurricane in New
Orleans was 289 pg/g, and the median BLL was 5 pg/dL for children less than 6 years of age.

A follow-up study and comparison with pre-hurricane data was completed by Mielke et al.
(2017) in 2015, 10 years after the event. The median soil lead concentration within the City was
reduced to 143 pg/g as a result of soils with low lead concentrations from the coastal
environment having been carried into these areas by floodwaters. As a result of this change in
soil lead concentrations, as well as the overall improvement in residential dust lead levels as a
result of the removal of lead-paint impacted materials, the median BLL in children under 6 years
of age dropped to 1.9 pg/dL (Mielke et al., 2017) (Figure 5-7).
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Figure 5-7  Pre-Katrina and Post-Katrina soil lead and BLL changes in New Orleans
Parish (164 census tracts) and St. Bernard Parish (8 census tracts) (Mielke
et al., 2017).

In a related study, the relationship between BLLs in children and soil lead concentrations was
further evaluated using data collected pre- and post-Hurricane Katrina (Mielke et al., 2013;
Mielke et al., 2014). A large soil lead database (n=5,467) and BLL databases (n=55,551 pre-
Katrina and 7,384 post-Katrina) were used. New Orleans was divided into high (=100 ug/g) and
low (<100 ug/g) soil lead communities and the proportion of BLLs in children at 25 ug/dL was
compared pre- and post- hurricane. In general, BLLs above 5 pg/dL occurred within the inner-
city areas, with lower BLLs occurring in the outer-city areas. These measurements correlated
with differences in soil lead concentrations between these areas. Pre-hurricane, the percentage
of BLLs in children at =5 pg/dL were 58.5% and 24.8% for the high and low soil lead
communities, respectively. These values decreased to 29.6% and 7.5%, respectively, post-
hurricane. These data suggest that reductions in soil lead and dust as a result of the deposition
of non-impacted soils after the flood and the construction of new housing resulted in a
substantial decline in BLLs in New Orleans, particularly in the inner-city.
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A number of additional studies evaluated relationships between soil lead concentrations and
BLLs of children in New Orleans using the universal BLL screening dataset (n=55,551) from
2000-2005 spatially coupled with a soil lead dataset (n=5,467) completed in 2000. Mielke et al.
(2007) evaluated empirical associations between soil lead concentrations and BLLs and
determined that a consistent curvilinear association occurred annually between soil lead and
BLLs with robust significance (p<1 x102%). Below soil lead concentrations of 100 ug/g, the BLL
response was steep (1.4 pg/dL per 100 pg/g), while above 300 pg/g soil lead, the BLL response
was more gradual (0.32 pg/dL per 100 pg/g). A scatter plot of the pooled soil lead and BLL data
for 2000-2005 (n=1,680) is shown in Figure 5-8. The derived model of the association between
median soil lead and median BLL was described as: BLL=2.038+0.172 x (soil lead)?®
(R?=0.528; p=1.0 x 10211),
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Figure 5-8  Relationship between soil lead and BLL data for children in New Orleans
for 2000-2005 (Mielke et al., 2007).

To downscale, this analysis to the individual child level, Zahran et al. (2011) investigated the
curvilinear associations between soil lead concentrations, age of children (6 to 72 months), and
BLLs. The authors utilized random effects generalized least squares modelling to predict BLLs
in children, whereby age and soil lead variables were square root transformed. Across all
models tested, both the square root of age (i.e., age®®) and the square root of exposure level
(i.e., soil lead®®) were positively and significantly associated with BLLs, when adjusting for year
(date) of BLL observation. For the selected model, a unit change in the square root of age
increased BLLs in children by 0.401 (p<0.001), and a unit increase in the square root of soil lead
increased child BLL by 0.214 (p<0.001). Furthermore, a unit change in age®® increased the
odds of children’s BLLs exceeding 10 pug/dL by a multiplicative factor of 1.23 (95% CI: 1.21 to
1.25), and a unit (ug/g) addition of soil lead increased the odds of children’s BLLs exceeding 10
pg/dL by a factor of 1.13 (95% CIl 1.12 to 1.14). Overall, the authors concluded that childhood
BLLs are represented by a curvilinear function of both age and soil lead concentration, with age
having a greater influence at lower BLLs and soil lead concentration at higher BLLs. Figure 5-9
shows the predicted BLL per unit change in observed soil lead concentration when fixing age at
the sample mean of 30.22 months.
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Figure 5-9 Relationship between soil lead and BLL data for children in New Orleans
for 2000-2005 (Zaharan et al., 2011).

A similar curvilinear relationship was identified when the correlation between blood lead
screening values for children in Syracuse, NY and soil lead concentrations was investigated by
Johnson and Bretsch (2002). A total of 12,228 blood samples were collected from children (age
0-6 years) from 194 different locations within the city limits for Syracuse, NY, and soil samples
were collected in a 600m x 600m tessellation grid covering the city. The geometric mean soil
lead concentration in the study was 80 ug/g (95% of samples had a concentration range of 20 to
800 pg/g) and 27.6% of children sampled (n=3,375) had BLLs greater than 10 pg/dL. Although,
no meaningful relationship was found between soil lead and BLLs when using the 600m x 600m
grid, a strong relationship was found when soil lead data were aggregated at a large geographic
scale (~3 km?), and each spatial unit contained at least nine (9) soil lead measurements.
Logarithmic modelling showed a coefficient of determination (R?) >0.65 for regression of
geometric mean BLLs against median soil lead measurements. The logarithmic regression
equation for the all-season data was: BLL (ug/dL)= 1.7592 Ln[soil lead concentration(ppm) ] -
2.449 (R?=0.706) and for the summer data was: BLL (ug/dL)= 2.0973 Ln[soil lead
concentration(ppm) ]- 3.6026 (R?=0.6684). In another study evaluating the relationship
between soil lead levels and BLLs in Syracuse, the BLL of children (age 0-6 years) were
stratified by census tract and paired with soil lead measurements (n=175) (Mielke et al., 1999).
Similar to the findings of Johnson and Bretsch (2002), Mielke et al. (1999) found a significant
association between median BLL and soil lead levels and the relationship was quantified by the
following model: BLL =3.06 + 0.33(soil lead concentration)®® (R?=0.69; p=3.5x1022). Overall,
the soil lead/blood lead relationship was very similar between the two studies (Figure 5-10).
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Figure 5-10 Relationship between soil lead and BLLs in children in Syracuse, NY
(Johnson and Bretsch, 2002).

Overall, models describing the association between soil lead concentrations and BLLs in
children have been reported throughout the literature and these models have shown significant
and strong associations between the two variables on a case-by-case basis. However, it is
important to note that models varied across studies, and other factors including seasonal
variability and child age, can have a significant impact on lead exposure in children.
Furthermore, the results described by Johnson and Bretsch (2002) also emphasize the
importance of using large blood lead and soil lead monitoring data sets when determining
associations between these variables.

To demonstrate the variability in the soil lead vs BLL relationships estimated using empirical
data, correlations identified by Bradham et al. (2017), Mielke et al. (2017) (pre- and post-
hurricane Katrina), and Mielke et al. (2007) were plotted together with the relationship predicted
by the IEUBK model (Figure 5-11). This comparison indicates that there is a large degree of
uncertainty in utilizing empirical results and modelled relationships to predict BLLs in children.
This comparison also demonstrates that the slope predicted using the IEUBK model is greater
than those derived using empirical data, however, at soil lead concentrations below 100 pg/g
the IEUBK model predicted lower BLLs than the empirical relationships. At relatively low soil
lead concentrations, the curvilinear relationships identified by Mielke et al. (2007), Johnson and
Bretsch (2002), Zahran et al. (2011) may be the most applicable models for most Winnipeg
neighbourhoods. These relationships demonstrate that BLLs increase at a sharper rate at soil
lead concentrations below 100 pg/g, followed by a more gradual increase around 300 ug/g.
Use of these models would predict geometric mean BLLs of greater than 2 pg/dL at
concentrations below 100 pg/g, indicating potential concerns for several Winnipeg
neighbourhoods, however, it is unknown if non soil-related exposures in the communities that
these relationships were based on are similar to those in Winnipeg. As a result, there is
uncertainty in the application of the empirical results to predict BLLs in Winnipeg
neighbourhoods.
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Figure 5-11 Comparison of literature-based correlations of soil lead and BLLs with the
IEUBK-predicted correlation

5.2.2.3 Comparison of Central Estimates of Soil Lead in Literature to Winnipeg
Neighbourhoods of Potential Concern

Soil lead concentrations in Winnipeg neighbourhoods identified as being of potential concern
were compared to concentrations identified in the literature for other urban areas. Priority was
given to those studies that focused on urban areas where there were no dominant point sources
of emissions and soil lead contamination was likely attributed to factors such as historical
vehicle emissions and leaded paint (Table C-1). Median soil concentrations were selected over
means where possible as this statistic is less influenced by outliers and provides a central
estimate within the data distribution (i.e., the 50" percentile) and allowed for the use of a
consistent measurement across studies rather than an average which may have been reported
as an arithmetic or geometric mean. To facilitate a direct comparison with the available data for
the neighbourhoods of interest within Winnipeg, preference was given to data that included
residential areas, gardens, open spaces, schools, playgrounds, parks and other public lands
(e.g., near public buildings), and areas near roadways and boulevards. Additional details
regarding these studies is provided in Appendix C.

Median soil concentrations and other descriptive statistics for the Winnipeg neighbourhoods of
potential concern are presented in Table 5-7 using the results of the soil investigations
conducted by the Province in 2007/2008 (Manitoba Conservation, 2010) and the University of
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Manitoba (2017). Table 5-8 presents the results of the 2018 Provincial investigation (Manitoba
Sustainable Development, 2019) and the University of Manitoba (2017) investigation. As
several samples from the 2018 Provincial investigation were intended to be co-located with the
sampling sites from the 2007/2008 investigation, these two data sets were not combined.
Separating these data also allowed for consideration of the influence of the different sampling
depths utilized in each of these studies (i.e., <5 cm for the 2007/2008 data set and 0-7.5 cm for
the 2018 data set).

The median soil concentrations derived using the 2007/2008 Provincial data and the University
of Manitoba (2017) data from Table 5-7 are presented visually in Figure 5-12 as coloured
horizontal lines that are contrasted with the reported medians/central estimates for other urban
areas identified in the literature. In addition to this Figure, a summary table of studies
completed after the year 2000 that included both soil lead measurements and either an
estimation or measurement of BLL is provided in Table C-3 with the aim of providing additional
context to the Winnipeg soil results.
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Table 5-7 Summary Statistics for Winnipeg Neighbourhoods of Potential Concern (Manitoba Conservation,
2010; University of Manitoba, 2017)
Neighbourhood Nsugnbpﬁregf Arithmetic Mean 95% UCLM? Median Minimum Maximum
Centennial 14 110 155 75.5 18 307
Daniel Mcintyre 41 142 191 90 2 712
Glenelm/Chalmers 45 71.6 101 42 3 369
North Point Douglas 33 473 647 235 31 2,240
River/Osborne 10 60.4 119.5 395 17 204
Sargent Park 13 93.8 242 16.9 2.2 368
St. Boniface 197 87.8 94.0 42.5 4.86 1,630
West End 9 101 150 63 21 77.9
Weston 81 224 283 113 2.2 1,130
Wolseley/Minto 48 74.4 111 66 9 290
a Recommended value calculated by ProUCL.
Table 5-8 Summary Statistics for Winnipeg Neighbourhoods of Potential Concern (Manitoba Sustainable
Development, 2019; University of Manitoba, 2017)
Neighbourhood NSu;rwnbpelre;)f Arithmetic Mean 95% UCLM? Median Minimum Maximum
Centennial 4 13.5 61.3 39.0 36.1 59.8
Daniel Mcintyre 4 67.1 130 54.9 22.7 136
Glenelm/Chalmers 19 61.0 77.3 47.7 14.2 141
North Point Douglas 27 189 279 99.1 15.6 885
River/Osborne 1 14.6 NC 14.6 14.6 14.6
Sargent Park 5 139 1,040 57.4 52.4 439
St. Boniface 177 88.6 92.9 42.5 4.86 1,630
West End 1 544 NC 54.4 54.4 544
Weston 35 174 203 180 30.2 446
Wolseley/Minto 21 38.5 46.4 33.5 11.3 105
a Recommended value calculated by ProUCL
NC Not calculated due to limited sample size.
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Figure 5-12 Comparison of Median Soil Lead Concentrations in Urban Areas with those for Neighbourhoods of Potential
Concern in Winnipeg
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5.2.2.4 Lead in Winnipeg Neighbourhoods

Median soil concentrations for the Winnipeg neighbourhoods of potential concern are presented
as coloured horizontal lines within Figure 5-12, while medians for urban soils from studies
identified within the literature are presented as vertical blue bars. This figure highlights the
diversity in the soil lead medians within the available data for the City of Winnipeg and other
international communities. While there is some ‘clustering’ of the medians for certain
neighbourhoods (e.g., St. Boniface and River/Osborne with approximate medians of 40 pg/g;
Wolseley/Minto and West End with approximate medians of 65 ug/g), there are also clear
differences for other neighbourhoods. The highest estimated median (North Point Douglas, 235
Hg/g) is almost 14-times higher than the lowest median (Sargent Park, 16.9 pg/g). In addition,
the median lead concentrations for Weston (113 pg/g), Daniel Mcintyre (90 ug/g), and
Centennial (74.3 pg/qg) are distinct from each other, as well as the other medians for the
Winnipeg neighbourhoods. The sections below provide a discussion of the findings for Winnipeg
neighbourhoods of potential concern.

North Point Douglas

The median soil lead concentration for North Point Douglas (235 pg/g, green line) is higher than
the CCME residential guideline of 140 pg/g (yellow dashed line). As noted in Table 5-7, the
range of soil concentrations in this area was 31 to 2,240 ug/g, with an average concentration of
473 ng/g (based on 33 soil samples). The results presented in Figure 5-12 indicate that the
North Point Douglas median (235 ug/g) is above most of the urban areas identified in the
literature, including the median lead concentrations in Ottawa (71.1 ug/g) (Rasmussen et al.,
2001) and St. John’s Newfoundland (138 pg/g) (Bell et al., 2010), as well as medians identified
from studies of large US cities such as Baltimore, Chicago, Miami, Los Angeles and various
other international locations.

The North Point Douglas median is within the range of the urban soil data for the City of New
Orleans, Louisiana (median of 289 ug/g) collected before Hurricane Katrina redistributed soils in
the area in 2005 (Mielke et al., 2017). The overall range in soil lead concentrations in pre-
Katrina New Orleans (6.2 to 1,789 pg/g) (Zahran et al., 2011) is smaller in magnitude than the
reported range for North Point Douglas. The geometric mean BLL for children age 0-6 years in
New Orleans for the years 2000-2005 was 5 pg/dL (Mielke et al., 2017). Zahran et al. (2011)
also reported that BLLs in the N=55,551 children examined in New Orleans between 2000-2005
ranged from non-detect to 117 pg/dL. The North Point Douglas median is higher than the
median soil concentration in New Orleans after Hurricane Katrina (143 ug/g), where housing
had been replaced after flooding and a new surface soil layer had covered the City. The
geometric mean BLL was reduced to 1.9 pg/dL, 10 years after the storm event (Mielke et al.,
2017).

Soil samples collected during the 2007/2008 Provincial investigation in North Point Douglas
were from residential boulevards at similar sampling locations utilized in previous studies
conducted during the 1980s. Manitoba Conservation (2010) noted that soil lead concentrations
were influenced by vehicular emissions, as well as suspected emissions from nearby scrap
yards, and that soil lead concentrations within North Point Douglas had generally decreased
since the sampling was completed in 1988 (range 82 to 4,650 pg/g; median 535 pg/g). While
the Province of Manitoba has not established a background level of lead in soil, the Ministry of
the Environment, Conservation and Parks (MECP) of Ontario has identified a value of 120 pg/g
as the typical background lead concentration in Ontario soils that have been influenced by
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anthropogenic activities. For North Point Douglas, more than 50% of the data for lead in soil is
above the Ontario background level of 120 ug/g.

In the 2018 Provincial investigation, the soil samples collected for all locations, including North
Point Douglas, were from a depth of 0-7.5 cm. This sampling depth is below what is considered
to be representative of surface soils to which people may reasonably be exposed on a frequent
and ongoing basis, as outlined in guidance developed for the risk assessment of lead of the US
EPA Superfund program (US EPA, 2003). The median soil concentration for North Point
Douglas from the 2019 study (99.1 ug/g; range 15.6 to 885 pg/q) is lower than that reported
from the 2007-2008 sampling program. The differences in these results may potentially be
attributed to the inconsistent sampling depths between the two studies, as well as the sampling
dates relative to the phasing out of leaded fuels. Although samples from each study were
collected from the same approximate locations on residential boulevards, there may be
differences in the exact locations given the lack of geographical coordinate tracking during the
2007/2008 sampling. With respect to non-boulevard areas, only two schools in North Point
Douglas and one corner of a ballpark were sampled. No sampling was conducted on private
residences. As aresult, it is unclear if the soil data set for North Point Douglas is representative
of soil concentrations to which the most sensitive individuals (e.g. children under the age of 6
years) may be exposed on a frequent and prolonged basis.

The potential source(s) of soil lead contamination is not clear, but it is likely the result of a
combination of factors. The neighbourhood is one of the oldest in Winnipeg (WRHA 2015c) and
is transected by a railway and two major roadways (Main Street and the Disraeli Freeway).
North Point Douglas lies within a larger area defined by the City of Winnipeg as the Point
Douglas Community area (City of Winnipeg 2019a). The Winnipeg Regional Health Authority
(WRHA) defines the Point Douglas area as including the neighbourhoods of: Burrows Central,
Inkster-Faraday, Luxton, Mynarski, Robertson, St. Johns in the north portion, and the
neighbourhoods of Dufferin, Dufferin Industrial, Lord Selkirk Park, North Point Douglas, South
Point Douglas and William Whyte (WRHA, 2015c). The soil investigations conducted by the
Province, as well as the current assessment, defined the neighbourhoods of North Point
Douglas as the small geographical area of the wider Point Douglas area bordered by Main
Street to the west, the Red River to the north, east and south. A discussion of the
sociodemographic characteristics of the Point Douglas Area as a whole is provided in Section
5.2.2.3.

Limited information for the neighbourhood of South Point Douglas is available for comparison.
Only three (3) soil samples for South Point Douglas were presented in Manitoba Conservation
(2010), and two (2) in Manitoba Sustainable Development (2019). Only one data point is
available for the adjacent neighbourhood directly west of Main Street, in the area known as Lord
Selkirk Park (a soil concentration of 97.7 ug/g). No soil data are available for the nearby
neighbourhoods of North End or William Whyte. Only two (2) samples are available from
Manitoba Conservation (2010) for the adjacent neighbourhood of Dufferin, while 25 are
available in the Manitoba (2019) report (although from a sampling depth of 0-7.5 cm in the
latter). Additional information regarding this sampling data are provided in Section 2.1.3.
Despite the Point Douglas Area as a whole being denoted as one of the older areas within the
City (and thus likely heavily influenced by historical traffic, industrial emissions, and lead-based
paint), there is a lack of overall sampling coverage that would allow for the complete delineation
of soil lead concentrations.
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Weston

The median soil lead concentration for the neighbourhood of Weston (113 pg/g) based on the
2007/2008 Provincial investigation is higher than the median for many other urban areas
identified in the literature, but is lower than median concentration for North Point Douglas as
well as the MECP anthropogenic background concentration of 120 pug/g. The range of lead
concentrations in soil within this data set is from 2.2 to 1,130 pg/g. When the results of the 2018
Provincial investigation are considered, the median is higher at 180 pg/g, with a more limited
range of values (minimum 30.2 to 446 pg/g). This variation could be due to slight differences in
the locations of where samples were collected, or differences in the soil sampling depth.

Several studies have been completed within the Weston area since the late 1970s following the
identification of elevated BLLs in local workers and children. A combination of heavy traffic and
industrial emissions were concluded to have impacted soils in this neighbourhood. Various soil
and foliage studies were conducted, and remediation activities took place during the mid-1980s
for several locations in this neighbourhood (see Section 2.2). Following the excavation of soils
containing concentrations of lead greater than 2,600 ug/g (the soil quality guideline at the time),
soils containing levels of lead below 200 pg/g were added to these sites. While soils in
additional areas may have been disturbed and replaced through landscaping and construction
activities over time, no other remediation activities in the area are noted within the available
reports (Section 2.2).

All of the samples collected within the Weston neighbourhood as reported in the Provincial
investigations (2007/2008 and 2018) were collected from either the Weston Elementary school,
playgrounds, or sports fields, and are thus clustered in these areas. All of the samples reported
in 2010 were collected from soils at a depth of less than 5 cm, whereas the samples reported in
2019 were from 0-7.5 cm. No residential properties or boulevards from residential areas were
sampled as part of either of these investigations, and there is an overall limited degree of spatial
coverage of sampling data for this neighbourhood. As a result, there is uncertainty regarding
the applicability of the available data to characterize potential exposure to children in this
neighbourhood, particularly those children who are within the highest risk group for lead
(children under the age of 6 years) who are not yet attending school. The potential contributions
from one or more secondary smelters, and possibly other sources in this neighbourhood, were
highlighted previously in this report (Sections 2.1.1, 2.2.9, and 3.2.1.1), which further
emphasizes the potential need for supplemental soil sampling and/or other methods to
characterize lead exposure in this neighbourhood.

Using the 2007/2008 data, the median soil concentration of 113 pg/g is somewhat comparable
to the median lead concentration in the City of St. John’s Newfoundland (148 pg/g) reported by
Bell et al. (2010). The highest soil lead concentrations in St. John’s were identified in
neighbourhoods and properties with older housing (pre-1950s) where the previous combustion
of coal for heat and transportation, leaded gasoline, and the use of lead-based paint were all
identified as possible sources. Over half of the 1,231 samples collected in this study were found
to have lead concentrations greater than 140 ug/g, with 10% of the samples containing more
than 1,000 pg/g of lead. As noted within the case study in Section 4.2.5.5, the IEUBK model
was used to predict a geometric mean BLL of 6.5 pg/dL for children in St. John’s. A follow-up
biomonitoring study completed years later determined that the geometric mean BLL in children
less than 7 years of age was 1.12 ug/dL, suggesting that the IEUBK model overpredicted BLLs
for the community.
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The median soil concentration for Weston is also similar to the median for residential soil
samples collected from the Metropolitan area of Melbourne, Australia (110 ug/g) by Laidlaw et
al. (2018). Lead concentrations were found to be elevated in the central and western areas of
the city, and 20% of the 250 samples contained lead at concentrations above the Australian
guideline of 300 ug/g. IEUBK modelling was completed to estimate the BLL of a hypothetical
24-month old at each location. The model estimated a geometric mean BLL of 2.5 pg/dL, with
values ranging from 1.2 to 22.5 pg/dL (Laidlaw et al. 2018).

The data collected by Petersen et al. (2006) in Cleveland Ohio included 50 soil samples, where
lead concentrations were found to range from 19 to 811 pg/g, with a median of 145.5 pug/g. The
sampling sites in this study included public areas and green spaces within dense urban
neighbourhoods that included playground areas. Concentrations of lead were found to exceed
the Ohio soil quality guideline of 400 ug/g, with potential sources noted as including urban
brownfield sites with heavy metal burdens and historical airborne lead deposition from various
facilities, which is noted to be typical for older industrial cities (Petersen et al., 2006). Blood
lead monitoring was not conducted as part of the Petersen et al. (2006) study.

The Weston neighbourhood, along with the areas of Brooklands, Burrows-Keewatin,
Shaughnessy Park, Inkster Gardens, and Tyndall Park, are all considered to be part of the
Inkster Community area (WRHA, 2015b). Soil sampling data are available for Brooklands,
Shaughnessy Park, Shaughnessy Heights, and Tyndall Park. The data available from the
2007/2008 and 2018 Provincial investigations indicate that the majority of soil samples collected
in these four areas contain concentrations of lead that are below the CCME soil quality guideline
of 140 ug/g, with only one sample from Shaughnessy Park exceeding the guideline (with a
concentration of 176 pg/g). However, no information is available from the Provincial
investigations for Inkster Gardens or Burrows Keewatin. The latter area is located directly north
of the Weston railyard and Weston Shops area. This represents a data gap, given the presence
of a railway and industrial emission sources in the area. The lack of samples in Inkster Gardens
is less of concern, as this neighbourhood is located further north and away from the City core.

Daniel Mcintyre, Centennial, Sargent Park, Wolseley/Minto and West End

Daniel Mcintyre is considered by the WRHA (2015a) to be part of the Downtown Community
Area, specifically the west downtown. Other neighbourhoods in this area include Centennial, St.
Matthews, Minto, Sargent Park, West End, and Wolseley (WRHA, 2015a). These data sets are
discussed together as a result, where possible.

The median soil lead concentration for Daniel Mcintyre (90 pg/g, orange line in Figure 5-12)
stands apart from the other neighbourhoods such as Dufferin, Glenelm/Chalmers,
River/Osborne, Sargent Park, St. Boniface, West End, and Wolseley/Minto, all of which have
median soil lead concentrations less than 70 pg/g. The Daniel Mcintyre median of 90 ug/g is
within the upper portion of the range of medians for urban areas reported in the literature. Soil
lead concentrations, based on the 2007/2008 Provincial study, range from 2 to 712 ug/g within
this neighbourhood. Using the 2018 Provincial data, the median for Daniel Mclntyre is lower at
54.8 pg/g, and the range is smaller (22.7 to 136 pg/g). This lower median is within the range of
medians presented in Figure 5-12 for various urban areas, and is within the range of the
medians and means of some studies presented in Table 5-6 where soil lead concentrations and
BLLs are compared. In residential areas of Melbourne, Australia, Laidlaw et al. (2018)
determined that the median soil lead concentrations (mean 193 pg/g, median 110 pg/g, range 8
to 3,341 ug/g) were associated with a geometric mean BLL of 2.5 pg/dL (range 1.3 to 22.5
pg/dL) using the IEUBK model. In Syracuse, New York, soil samples were found to have a
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geometric mean lead concentration of 80 ug/g, and BLL analysis revealed that 27.6% of the
12,228 children sample (ages 0-6 years) had BLLs above 10 pg/dL (with a geometric mean
between 4 and 6 pg/dL, as extrapolated from a graphical figure) (Johnson and Bretsch 2002).
In post-Hurricane Katrina New Orleans, children living in areas where soil lead concentrations
were less than 100 pg/g were found to have a median BLL of 3.0 pg/dL (Mielke et al., 2017).

All of the available soil data for Daniel Mclintyre is for public parks and playgrounds and are
clustered in certain areas of the neighbourhood. As for each of the neighbourhoods sampled as
part of the Provincial investigations, none of the soil samples for Daniel Mcintyre have been
collected from residential properties.

The data from the 2007/2008 Provincial investigation for the Centennial neighbourhood indicate
that soil lead concentrations in the samples range from 4.2 to 307 pg/g, with a median of 74.3
pg/g. All samples were collected from the Dufferin Elementary School (which is located within
the Centennial neighbourhood) and no other parks or residential areas were included. Only four
(4) additional soil samples were collected in Centennial as part of the 2007/2008 Provincial
investigation (from a depth of 0-7.5 cm rather than the shallower depths of 2.5 or 5 cm from the
previous investigation), with soil lead concentrations ranging from 38.9 to 59.8 pg/g. One of
these four (4) samples was collected from the Dufferin Elementary school. Similar to the
neighbourhoods of Daniel Mcintyre and Weston, the median soil lead concentration for
Centennial is within the range of soil lead concentrations reported in the literature from other
urban areas.

The available data for the neighbourhoods of Sargent Park, West End, and Wolseley/Minto
suggest that most soil lead concentrations are below the CCME guideline, with a few
exceedances evident in Sargent Park, West End, and Wolseley/Minto (Section 2.2). The
median soil lead concentrations for Sargent Park (16.9 ug/g), West End (63 ug/g), and
Wolseley/Minto (66 g/g) are all within the range of median soil lead concentrations reported in
the literature for other urban areas in Canada, the US and Europe.

No soil sampling data are available from St. Matthews — a neighbourhood directly south of
Daniel Mcintyre and directly north of Portage Avenue (the TransCanada highway).

Dufferin, River/Osborne, and St. Boniface

The median soil lead concentrations for the neighbourhoods of Dufferin (40 ug/g),
River/Osborne (39.5 ug/g), and St. Boniface (42.5 ug/g) were lower than those for many other
Winnipeg neighbourhoods and all were within the range of most median soil lead concentrations
reported in the literature for other urban areas in Canada and the US.

Although the Dufferin neighbourhood is technically part of the Point Douglas Community Health
Area, it is discussed separately in this report since soil lead concentrations in this area (4.2 to
307 ug/g) are notably lower than concentrations in other parts of Point Douglas. As noted in
WRHA (2015c), this area is an older part of Winnipeg. As a result, some variation in soil lead
concentrations are expected in association with legacy sources of lead (e.g. leaded gasoline,
lead-based paint, historical industrial emissions).

River/Osborne is considered to be part of the River Heights Community Health Area (WRHA
2015c) and is located to the south of the downtown area and separate from both the
neighbourhoods of Dufferin and St. Boniface. The median concentration of 39.5 ug/g is below
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or within the range of medians reported for other urban areas, and soil concentrations in this
area range from 3.7 to 310 pg/g.

The neighbourhood of St. Boniface was studied in the investigations conducted by the Province
in 2007/2008 and by the University of Manitoba (2017). Data from these investigations show a
median soil lead concentration of 42.5 ug/g, with a range of 4.86 to 1,630 pg/g. Unlike all of the
other Winnipeg neighbourhoods described in Figure 5-12, St. Boniface is located on the east
side of the Red River.

5.2.3 Socioeconomics and Health Status in Winnipeg Neighbourhoods of
Potential Concern

Large urban studies completed by Mielke et al. (2011, 2013, 2017), Zahran et al. (2011, 2013b),
Laidlaw et al. (2016, 2017, 2018a,b), and Dong et al. (2019) have consistently noted a disparity
in lead exposure between low and high sociodemographic areas. To add to the interpretation of
the potential risks associated with soil lead concentrations for neighbourhoods in Winnipeg,
certain sociodemographic data available from the City of Winnipeg have been considered with
the intent of further identifying sub-populations that may be at increased risk. This is not
intended to represent a full consideration of all social determinants of health or socioeconomic
factors, rather, this overview of available information is aimed at providing additional context to
the soil data with respect to potential effects on people living in the identified neighbourhoods.

A report by the Canadian Institute for Health Information (CIHI, 2010) examined urban
environments and inequalities in health for the Winnipeg area. The CIHI (2010) study included
an evaluation of various factors that influence socioeconomic status and health, and the
assessment was based on a framework known as the Institute National De Santé Publique du
Québec (INSPQ) Deprivation Index. The INSPQ index was used by CIHI to classify areas
within the City of Winnipeg into high, average, and low socioeconomic groups according to two
components:

¢ Material Component, which considers the percentage of individuals who did not
graduate high school, employment ratios, and average income; and,

e Social Component, which considers the percentage of single-parent families, individuals
living alone, and people who are separated, divorced or widowed.

The maps within Figures 5-13 and 5-14 present colour-coded ratings of the various areas of
Winnipeg, with the dark grey areas representing the higher status areas, and the blue and
darker blue areas representing the lower status areas. The two figures represent the INSPQ
Deprivation Index ratings as determined by CIHI (2010) for the various census areas based on
material and social components, respectively. The central area of Winnipeg appears to have
the lowest ratings for the social component of this index, while the material component results
are more variable. The areas in the more suburban areas generally have higher ratings for both
components, with the exception of lower material component ratings in some areas in the
northeast and southeast areas of Winnipeg.

There is considerable overlap in the areas presented within these two Figures with the map
outlining potential sources of lead and neighbourhoods of potential concern provided in Sections
2 and 3 of this report.

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019
Intrinsik Corp. 169



O

intrinsik

W 1—Highest
¥
3

LE
W 5—Lowest
No Data

Figure 5-13 Material Component INSPQ Deprivation Index Ratings for the Winnipeg
Census Area (CIHI, 2010)
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Figure 5-14 Social Component INSPQ Deprivation Index Ratings for the Winnipeg
Census Area (CIHI, 2010)

Assessment of Elevated Concentrations of Lead in Soil in Winnipeg Neighbourhoods November 29, 2019

Intrinsik Corp.

170



O
intrinsik

Sections 5.2.3.1 to 5.2.3.2 provide an overview of certain socioeconomic and health statistics
that are relevant to the assessment of potential risks to residents of a number of
neighbourhoods. The City of Winnipeg has compiled census data collected in the year 2016 by
Statistics Canada for various areas of the City. A map of the census areas is provided in Figure
5-15. A summary of potentially relevant parameters is presented in Table 5-9 for the community
areas of:

e Point Douglas (includes North and South Point Douglas, Dufferin, Lord Selkirk Park,
William Whyte, Burrows Central, Inkster-Faraday, Luxton, Mynarski, Robertson, St.
Johns and St. Johns Park.

¢ Inkster (includes Weston, Brooklands, Burrows-Keewatin, Shaughnessy Park, Inkster
Gardens and Tyndall Park).

¢ Downtown (includes Centennial, Daniel Mcintyre, Sargent Park, Wolseley/Minto, St.
Matthews, Central Park, Assiniboine, West Alexander, West Broadway and Spence).

e St. Boniface (Includes St. Boniface West and St. Boniface Industrial)

While census information for 2016 is available at a community level by the City of Winnipeg,
given the uncertainties identified within the data set, the evaluation of the socioeconomic and
health impacts is completed at a broader community-area level. This also makes the definition
of the areas in Figure 5-15 consistent with data from the Winnipeg Regional Health Authority
from 2015, which is discussed according to community area.

River East

5t. James- Assiniboia

Assiniboine South

Figure 5-15 Map of 2016 Community Census Areas (City of Winnipeg, 2019¢e)
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5.2.3.1 Population Age and Ethnic Characteristics

A summary of available data for the four census areas is presented in Table 5-9, with a focus on
total population, proportion of children in the age groups 0-4 and 5-9 years of age, and the
relative proportion of individuals identifying as Aboriginal or visible minorities at the time of the
2016 Census. The latter is applicable, as urban studies in the US have identified disparities in
both socioeconomic status and racial or ethnic status with respect to the potential for lead
exposure.

Table 5-9 Community Area Characteristics based on 2016 Census Data (City of
Winnipeg, 2019e)
Characteristic Point Douglas Inkster Downtown St. Boniface W(_thy_ of
innipeg
Total Population 40,795 31,990 66,850 58,520 705,244
Children 0-4 20199
years (% 3,005 (7.4%) 2,050 (6.4%) 4,205 (6.3%) 3,385 (5.8%) 5 '70/)
population) 70
Children 5-9 0 0 0 0 40,904
years (M+F) 3,135 (7.7%) 2,175 (6.8%) 3,750 (5.6%) 3,550 (6.1%) (5.8%)
Aboriginal Identity 29% 16.7% 17.4% 12.1% 12.2%
Visible Minority 35.4% 56% 41.4% 18.5% 28%
Group

The available census data indicates that there are several thousand young children living in the
identified community areas, and all four of the identified areas had proportions of children ages
0-4 years and 5-9 years greater than what is recorded for the City of Winnipeg as a whole (with
the exception of children ages 5-9 in the Downtown area). The youngest of those children, born
in 2016, would now be approximately 3-years of age (36 months or more) and the oldest now
approximately 7-years of age. Census data for the period between the 2016 census and
present are not available for comparison, but it is practical to assume that the proportion of the
population within this age bracket is generally similar. Children between the ages of 0 and 6-
years of age are considered to be at the highest risk for lead exposure and health impacts.

The 2016 census data also highlights that the proportion of residents identifying as Aboriginal is
higher in Point Douglas, Inkster, and Downtown than for the City of Winnipeg as a whole. The
difference in proportion is most apparent for Point Douglas, which is reported to include more
than double the number of Aboriginal-identifying residents. This is of relevance to the
assessment of potential risks associated with exposure to lead as Aboriginal children have been
identified as being more vulnerable to the effects of environmental exposures (AFN, 2008). A
study published by the Assembly of First Nations in 2008 noted that Aboriginal children are
more likely to come from lower socioeconomic backgrounds, to live in homes requiring repairs
or with crowded living conditions, have poorer health outcomes, increased health burden, and
challenges associated with food quality and security.

The Point Douglas, Inskter and Downtown areas also had relatively higher populations of visible
minorities in comparison to the City of Winnipeg as a whole. In contrast, the proportion of visible
minorities within the St. Boniface area was lower than the other areas, as well as the City of
Winnipeg.

5.2.3.2 Education, Employment, and Income

To compare the general economic status of residents within the four selected community areas,
Table 5-10 presents available data from the 2016 census regarding education and employment
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status, and income. The available data for the City of Winnipeg as a whole is provided for
comparison purposes.

Based on this information, the Point Douglas area is of lower socioeconomic status than the
other three community areas. Within Point Douglas, residents are generally less educated,
based on a higher proportion of individuals without a high school certificate and a lower
proportion of individuals with postsecondary education than the other three community areas
and the City as a whole. The Point Douglas area also has a lower employment rate, higher
unemployment rate, and average and median incomes that are lower than the other community

areas and the City of

Winnipeg.

For Inkster and Downtown, the proportions of individuals with an education level of high school
or higher are more comparable to the overall rates for the City of Winnipeg, as are the
employment and unemployment rates. The average and median incomes for Inkster and
Downtown are lower than for the City of Winnipeg as a whole.

Based on the 2016 census data, St. Boniface residents have education levels comparable to, or
above, values for the City of Winnipeg as a whole. The rate of employment is higher than for
the City, and the unemployment rate is lower. Both average and median incomes within St.
Boniface are higher than the values for the City of Winnipeg. This data suggests that St.
Boniface is of higher socioeconomic status than the other three community areas.

Table 5-10 Comparison of Education, Employment, and Income Statistics from 2016
Census Data (City of Winnipeg, 2019¢)
Characteristic Point Douglas Inkster Downtown St. Boniface (.thy. of
Winnipeg
Highest Education Level Achieved
Less than Highschool 30.7% 23.4% 21.7% 14.5% 17%
Highschool or 29.9% 31.0% 27.8% 29.3% 29.9%
equivalent
Postsecondary 39.5% 45.6% 50.5% 56.2% 53.2%
Work
Employment Rate 55% 62% 61% 66% 63%
Unemployment Rate 10% % 8% 6% %
%fgage Income in $29,627 $33,430 $33,261 $98,630 $44,915
Median Income in 2015 $26,218 $30,417 $26,819 $80,661 $35,121

5.2.3.3

Health Status

The Winnipeg Regional Health Authority (WRHA) has published profiles for various
communities within the City. Information regarding health status and select determinants of
health are discussed for Point Douglas, Inkster, Downtown and St. Boniface below.

Point Douglas

The WRHA profile for Point Douglas (2015c¢) notes that community engagement events in the
area have identified issues of concern as including: low education levels, limited job
opportunities, food insecurity, access to stable housing, available day care spaces, access to
walk-in doctors, and limited transportation funding. For various indicators of health status (e.qg.,
disease prevalence, birth weight, mortality rates, life expectancy), Point Douglas was rated as
significantly worse than Winnipeg as a whole. For behavioural indicators (e.g., diet and
lifestyle), Point Douglas also generally rated as significantly worse than Winnipeg as a whole.
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With respect to health care access, the rating on the various indicators was more variable, with
some outcomes being similar to Winnipeg and others worse than Winnipeg.

A lower proportion of Point Douglas residents (42%) rate their health as being excellent,
compared to 58% of total Winnipeg residents. The rates of certain diseases in Point Douglas
(specifically, stroke rate per 1,000, respiratory diseases, diabetes, heart disease, hypertension
and dementia) are higher than for the City of Winnipeg. The percentage of low-birth weight
infants has been increasing in Point Douglas over time. Early Development Instrument (EDI)
scores for children are used to determine “readiness for school” in young children. The
percentage of children within Point Douglas that are deemed to be “not ready for school” based
on two or more EDI domains has increased since 2005, and at 24.3% is a higher proportion of
children compared to the percentage of children in Winnipeg with this classification (14.8%).
The WRHA (2015c) report for Point Douglas also notes that community members have shared
their concerns regarding parenting skills, adverse exposure during pregnancy, the intervention
of child services, lack of mental health care and dental care, high levels of domestic violence,
and access to quality childcare.

Inkster

According to the WRHA profile for Inkster, community members have identified concerns in the
areas of employment and income, education, transportation, mental health services for youth,
and food access (WRHA, 2015b). For various health status indicators (e.g., disease
prevalence, mortality, life expectancy, mortality, etc.), the outcomes for Inkster were variable in
comparison to the City as a whole. For premature mortality, rates of respiratory disease,
hypertension, diabetes and heart disease, the Inkster ratings were significantly worse than for
Winnipeg. However, for dementia, osteoporosis, general mental health and mood/anxiety
disorders, Inkster was significantly better than Winnipeg. For behavioural indicators (e.qg., diet
and lifestyle), Inkster residents were found to be similar or better than Winnipeg as a whole.
However, for health care access, the ratings for Inkster were generally worse than for Winnipeg,
with the exceptions of hospitalization care and benzodiazepine treatment (WRHA, 2015b).

With respect to children and family, the percentage of low-birth weight infants in Inkster has
decreased over the years, but at 6% remains slightly higher than the Winnipeg rate of 5.8%.
The percentage of children identified as being “not ready for school” has remained at about 14%
since 2005 within Inkster, just slightly lower than the percentage for Winnipeg of 14.5% (WRHA,
2015b). Residents of Inkster have identified shortcomings in the areas of education quality,
access to quality childcare, access to city and social services, lack of mental health care and
crisis response, and access to healthy and affordable food (WRHA, 2015Db).

Downtown

Residents of the Downtown community health area have identified issues of concern as being
low socioeconomic conditions, poverty, and a lack of education, employment, quality childcare,
affordable housi