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THE FLIN FLON SOILS STUDY
SUMMARY REPORT
Hudson Bay Mining and Smelting Co., Limited (HBMS) established a fully-functional mine and base
metal smelting complex in Flin Flon, Manitoba in the 1930’s. As a result of ongoing activities at
the HBMS facility, government agencies and independent researchers have completed numerous
studies considering the content of smelter-related metals in the environment. 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, Manitoba and 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. As noted by Manitoba Conservation, studies conducted around other Canadian mining and
smelting operations with similar or higher levels of metals and arsenic in the soil have not shown
any expected immediate risk to human health; however, the 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 was the result of this recommendation.
The Flin Flon Soils Study was initiated by HBMS in July 2007 to better understand the nature of
facility emissions and soil conditions in the Flin Flon area, and to determine if exposure to these
metals and elements may pose an increased health risk to residents and visitors. The Flin Flon
Soils Study was composed of several individual components that have addressed human health
considerations for the Flin Flon area using different approaches. Conclusions and summary
information from the study are summarized here for general information. For a more detailed
discussion of results, complete technical reports are available.These may be reviewed at the Flin Flon
public library and online at www.flinflonsoilstudy.com.
Overall Conclusions and Recommendations
The overall conclusion of the Flin Flon Soils Study is that the likelihood of adverse
health effects among Flin Flon area residents from exposure to the metals evaluated
is negligible to low.
Short-term risks associated with infrequent exposure scenarios were evaluated for air, soil and snow
related exposures.The results of this evaluation indicated that on rare occasions some people may
experience short-term and reversible minor health effects from exposure to metals in soil and air
such as irritation of the eyes, nose, or throat; or aggravation of symptoms for those with asthma.
Long-term risks are those risks associated with regular and repeated exposure scenarios that may
occur throughout a lifetime. Results are provided below:
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Copper:
• No elevated risks from exposure to copper were predicted.
Selenium:
• No elevated risks from exposure to selenium were predicted.
Cadmium:
• Air concentrations of cadmium could pose a low long-term health risk.  However, increased
cases of lung cancer in the Flin Flon area are not expected given the small population size and
estimated low risk level.The HBMS smelter ceased operation in mid-June 2010.This closure is
anticipated to significantly reduce the concentrations of metals in air. Actual levels will continue
to be monitored after smelter closure.
• No significant increased rates of lung cancer were identified for the Flin Flon area within the
Community Health Assessment.
Methyl Mercury:
• Some fish in Flin Flon area lakes had elevated concentrations of mercury.  Mercury is a naturally
occurring element and most fish contain some amounts of mercury, with older, larger fish
accumulating the highest amounts. The elevated concentrations of methyl mercury in fish
generally appeared to increase with distance from the HBMS facility, which suggests that these
concentrations in fish are not related to the HBMS facility.
Inorganic Mercury:
• No elevated levels of inorganic mercury were measured in the urine of  children.
Arsenic:
• Air concentrations of arsenic could pose a low long-term health risk.  However, increased
cases of lung cancer in the Flin Flon area are not expected given the small population size and
estimated low risk level.The HBMS smelter ceased operation in mid-June 2010.This closure is
anticipated to significantly reduce the concentrations of metals in air. Actual levels will continue
to be monitored after smelter closure.
• No significant increased rates of lung cancer were identified for the Flin Flon area within the
Community Health Assessment.
• Levels of inorganic arsenic in the urine of children were not elevated.  The community levels were
very similar to the levels found in other Canadian communities where soil levels were not elevated.
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Lead:
• Measured blood lead levels in children from the Flin Flon area do not indicate immediate
health concerns.
• The blood lead results for Flin Flon area children were comparable with or even slightly lower
than other Canadian smelter communities, and were slightly higher than the average levels
reported for a large US national study of the general population.
• Blood lead levels in Canada have declined significantly over time.  However, some of the latest
studies on lead indicate that there may be slight developmental and cardiovascular effects
even at low levels. The findings from the current studies show that lead exposure in Flin Flon
is slightly higher than available population data but well below the current action levels for
medical intervention.
• Few children (about 2%) had measured blood lead levels above Health Canada’s current
intervention level. As a precaution, a more sensitive reference point was used for the study; as a
result, about 13% of the children tested were referred to a physician for follow-up.
• Many factors were associated with the measured blood lead levels in Flin Flon area children
including gender, area of residence, and the year that their house was constructed (age of house
may indicate other exposures such as from lead in paint or pipes).
• Given the regulatory and scientific uncertainties in establishing a safe level of lead in children
and the percentage of children referred for follow-up, risk management activities are
recommended to assist in reducing the levels of lead exposure among children across the area.

Overall, the findings from these
studies are reassuring, but some
low level risks were identified
from some metals. Reducing
air emissions, continued
monitoring and some additional
precautionary measures are
recommended.
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The HBMS smelter ceased operations in mid-June 2010. As a result, concentrations of metals in
air are anticipated to be significantly reduced. It is recommended that provincial and HBMS air
monitoring programs be continued in the future to confirm that concentrations of metals in air
decrease. Ongoing activities on the HBMS property are designed to minimize the generation of
dust on the site and should help to limit future exposures in the community.
Fish are an important part of a healthy diet and contain high-quality protein and other essential
nutrients and are low in saturated fats. A well-balanced diet including a variety of fish can
contribute to a healthy heart, proper growth and development in children. Provincial fish
consumption guidelines are in place to address concerns related to mercury levels in fish for many
provincial lakes. It is recommended that the Provinces evaluate the need for advisories on the lakes
with increased fish mercury levels identified in this study.
Based on the outcome of the HHRA and exposure study, which indicate that lead levels in Flin
Flon are slightly higher than available population normal levels and that sources of lead exposure in
the community may be caused by multiple factors, a community awareness and education strategy
for lead is recommended. In addition, it is anticipated that the smelter closure will further reduce
lead exposures. A follow-up blood lead analysis is recommended for the fall of 2011 to evaluate
the effectiveness of these exposure reduction strategies in reducing lead exposure. Based on the
results of the Flin Flon Soils Study, the removal or management of soils in the community is not
justified at this time.
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WHY WAS THE STUDY CONDUCTED?
Historical Background
Hudson Bay Mining and Smelting Co.,
Limited (HBMS) established a fully-functional
mine and base metal smelting complex in
Flin Flon, Manitoba in the 1930’s, producing
copper, cadmium, and zinc metals. The
city of Flin Flon, located in west-central
Manitoba on the border with Saskatchewan,
and the neighbouring town of Creighton,
located in Saskatchewan just southwest of
Flin Flon, were established in the 1930’s in
response to demand for employment at the
HBMS complex.
The emissions from the HBMS complex have
varied over the years as a result of changing
ore composition and improved technologies
associated with the processing, recovery and
smelting processes.  Generally, emissions
are dominated by sulphur dioxide, zinc,
iron, and lead, with smaller components of
arsenic, copper, cadmium, and mercury, and
trace levels of silver, aluminum, magnesium,
manganese, selenium, antimony, nickel,
chromium, and cobalt. The implementation
of new technologies associated with the
smelting process has substantially reduced
emissions. Closure of the smelter in midJune 2010 will further reduce emissions from
the HBMS complex.
As a result of ongoing activities at the
HBMS complex, government agencies and
independent researchers have completed
numerous studies focused on characterizing
the content of smelter-related metals in
the environment. Manitoba Conservation
conducted soil sampling in August 2006 to

determine the concentration and potential
distribution of metals and other elements
in the surface soils of Flin Flon, Manitoba
and Creighton, Saskatchewan. The soil
sampling survey was designed and funded
by Manitoba Conservation, with assistance
from the Saskatchewan government.
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.
For the purpose of this study, the
‘Flin Flon area’ includes Flin Flon and
Channing, Manitoba, and Flin Flon and
Creighton, Saskatchewan.

Manitoba Conservation Soils
Study
Surface soil sampling involved the collection of
the top 2.5 cm of soil from 93 sites in Flin Flon
(including Channing) and 13 sites in Creighton.
The majority of these sites were within 3
km of the HBMS complex. Samples were
collected from publicly accessible lands such
as boulevards, parks/playgrounds, schoolyards,
vacant lots and undeveloped areas, and away
from potential sources of contamination such
as roads, parking lots, fences, play structures,
and buildings (Figure 1-1). To characterize
areas believed to be minimally impacted and
non-impacted, samples were also collected
from Bakers Narrows Provincial Park (located
17.8 km southeast of the smelter) and
Cranberry Portage (located 38.3 km southeast
of the smelter), respectively.
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Figure 1

6

Map of Area Sampled During the Manitoba Conservation Soils
Study (Bakers Narrows Provincial Park and Cranberry Portage are
not shown) (Manitoba Conservation, 2007)
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The results of this study indicated that
concentrations of twelve elements (i.e.,
antimony, arsenic, cadmium, copper, lead,
mercury, molybdenum, selenium, silver, sulphur,
thallium and zinc) were elevated across much
of the study area relative to concentrations at
the sample site in Cranberry Portage. Levels
of these elements were also linked, suggesting
that they originated from a common source.
These elements are known to be in past or
present HBMS smelter emissions. Manitoba
Conservation found that the highest levels
were usually associated with sites located
on underdeveloped parcels of land and sites
located in older neighbourhoods that are
relatively close to the smelter complex.
At some sites across the study area, the
detected levels of one or more elements
did not meet the recommended residential/
parkland soil quality guidelines for human
health, as defined by the Canadian Council
of Ministers of the Environment (CCME).
Concentrations of arsenic, cadmium, copper,
lead, and mercury exceeded CCME guidelines
at a high proportion of the sites. Selenium
and thallium exceeded CCME guidelines
at a smaller number of sites. Although
concentrations of zinc exceeded the CCME
guideline, this guideline is protective of
environmental health and does not contain a
human health component. Concentrations of
antimony, molybdenum, silver, and sulphur did
not exceed their corresponding guidelines.
While exceedance of the CCME guidelines
provided indication that various elements
are present in surface soils of Flin Flon and
Creighton at concentrations that may create
risks to human health, preliminary review
of the results suggested that the risk to

human health was most likely low (Manitoba
Conservation, 2007). Overall, results of the
Manitoba Conservation (2007) report neither
confirmed the existence nor absence of
human health risk but simply triggered the
need for additional investigations. Manitoba
Conservation (2007) recommended that a
more detailed assessment be undertaken to
examine if there is any health risk when all
exposure pathways are considered.
Prompted by the release of this report, the
Flin Flon Soils Study was initiated by HBMS
in July 2007 to better understand the nature
of soil conditions in the Flin Flon area, and
to determine if exposure to these soils may
present unacceptable, long-term health risks
to residents and visitors. The specific metals
studied were arsenic, cadmium, copper, lead,
mercury and selenium (for the purpose of
this study, the term metals refers to all of
these elements).
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FLIN FLON SOILS STUDY
How Was the Study Conducted?
As noted by Manitoba Conservation (2007),
studies conducted around other Canadian
mining and smelting operations with similar
or higher levels of metals in the soil have
not shown any expected immediate risk to
human health.

As a result, the Flin Flon Soil Study was
selected as a logical and necessary step in
the assessment of health risk to community
residents. The Flin Flon Soils Study is
composed of several individual components
that have addressed human health concerns
for the Flin Flon area using different
approaches. An overview of the Flin Flon Soils
Study process and organization is provided
below (See Figure 2).

MANITOBA
CONSERVATION
SOIL STUDY

HUMAN
HEALTH RISK
ASSESSMENT

HHRA
SUPPLEMENTAL
SAMPLING AND
ANALYSIS

DRAFT HHRA
REPORT
EVALUATION
OF EXPOSURE
STUDY

FINAL HHRA
REPORT
INTEGRATED
SUMMARY &
CONCEPTUAL
RISK
MANAGEMENT
PLAN

FINAL SUMMARY
DOCUMENTS
COMMUNITY
OPEN HOUSE

Figure 2
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The Flin Flon Soils Study Process and Organization
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COMMUNITY ADVISORY COMMITEE (CAC)

TECHNICAL ADVISORY COMMITEE (TAC)

INITIATION OF
THE FLIN FLON
SOILS STUDY

Study Organization and Process
In July of 2007, Intrinsik Environmental Sciences
Inc. (Intrinsik) was retained by HBMS to address
the potential human health risks associated with
exposure to smelter-related metals in soils and
other environmental media in the Flin Flon area.
HBMS chose to have an independent consultant
conduct the Flin Flon Soils Study to ensure that
study results were conclusive and provided
reliable and scientifically defensible data.
A number of measures and procedures were
implemented to ensure that a transparent and
scientifically rigorous study was conducted.
These included the establishment of a Technical
Advisory Committee (TAC) and a Community
Advisory Committee (CAC), and the
involvement of an External Facilitator.

consultants, and the various collaborating agencies to
obtain input and comments from members of the
public. Throughout the Flin Flon Soils Study, the CAC
provided liaison between HBMS, the technical and
regulatory authorities, and the local public. The CAC
was comprised of 8 to 15 representatives from the
surrounding communities.
Sheldon McLeod was appointed as an External
Facilitator to the CAC and TAC. Mr. McLeod,
an experienced consultant in the facilitation of
community advisory bodies and familiar with the
HHRA process, was responsible for coordinating
CAC activities, conducting meetings, assisting
committee members with tasks such as planning
meeting agendas, and ensuring that the CAC and
TAC terms of reference were followed.

The Technical Advisory Committee
(TAC) was formed in July 2007 to provide technical
guidance to the Flin Flon Soils Study process, including
technical guidance for completion of the HHRA
and all other associated studies. The Committee
also served to review and consider input from the
Community Advisory Committee, and/or other
sources, to better guide the studies to their final
conclusions and recommendations. The TAC
included representatives from HBMS, Health Canada,
Saskatchewan Ministry of Environment, Saskatchewan
Ministry of Health, Manitoba Conservation, Manitoba
Health, Manitoba Water Stewardship, and Manitoba
Innovation, Energy and Mines (IEM).

The first component of the Flin Flon Soils Study was
the HHRA of Flin Flon, Manitoba and Creighton,
Saskatchewan, completed between July 2007 and
April 2010. The general purpose of an HHRA is to
predict the health implications of exposure to certain
chemicals over time, examining all the ways people
may come into contact with the chemicals. The
HHRA used measured or real concentrations of
chemicals of concern in the Flin Flon and Creighton
environment, as well as conservative assumptions
about physical characteristics and activity patterns of
local residents, to predict the theoretical exposure
of residents to these chemicals. These predicted
exposures were then used to assess whether or
not elevated health risks may occur to residents as a
result of exposure to these chemicals.

HBMS, in cooperation with the Manitoba and
Saskatchewan governments, invited interested
members of the public, including representatives of
local organizations, to participate in a Community
Advisory Committee (CAC). The CAC was
established in October of 2007 to enable HBMS, its

Given the commitment of HBMS to transparency
and sound science, the TAC provided review and
comment throughout the study process, including
providing formal review and comment for the
HHRA Terms of Reference (February 2008), the
Problem Formulation report (March 2008), and
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various drafts of the detailed HHRA. The draft
HHRA also underwent a comprehensive review
by an Independent Expert Review Panel
(IERP). The IERP was comprised of eight leading
North American scientists with expertise in
multi-pathway risk assessment, environmental fate,
human toxicology and epidemiology, bioavailability
and bioaccessibility, among other areas. The panel
was formed and administered by Toxicology
Excellence for Risk Assessment (TERA), an
international not-for-profit organization. The IERP
review was an iterative process involving revision
of the HHRA according to series of comments
provided between June 2009 and March 2010.
Results from the draft HHRA indicated that arsenic,
lead, and inorganic mercury were present at
concentrations in local soils that warranted further
assessment of exposure and risk, while copper,
cadmium, and selenium were not considered to
be in local soils at concentrations that have the
potential to result in elevated health risks. Based
on these results, it was recommended that an
evaluation of exposures be undertaken for children
(under 15) in Flin Flon, Manitoba and Creighton,
Saskatchewan, examining urinary arsenic, blood
lead, and, urinary inorganic mercury levels. Further
details regarding the HHRA are provided later in
this document in the HHRA Section.
The second component of the Flin Flon Soils Study,
the Evaluation of Contaminant Exposure in Children
in Flin Flon, Manitoba, and Creighton, Saskatchewan
(hereafter referred to as the “Exposure Study”)
was initiated in April 2009 in response to the
recommendations from the HHRA. The purpose of
an Exposure Study is to provide actual measurements
of exposure to chemicals through the collection
and analysis of blood and urine samples from local
residents. Measured internal exposure levels account
for exposures from all potential sources, pathways
and routes that a person encounters.
10
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The Exposure Study was conducted between
April 2009 and April 2010 and consisted of
four phases: methodology development and
community engagement, sample collection
(blood and urine) and survey implementation,
laboratory and survey analysis, and summary
reporting and reporting individual results.
The evaluation of environmental contaminant
exposure among Flin Flon area children was
conducted to help refine and validate the
HHRA’s exposure estimates for arsenic,
lead and inorganic mercury, and to examine
how levels of exposure compare to levels in
residents living in other parts of Canada. The
Exposure Study was also intended to help
identify what personal factors are associated
with the level of measured internal exposure
of children in the Flin Flon area (e.g., place of
residence, place of work, level of chemicals in
soil, age, gender, diet, personal habits, etc.).
Like the HHRA, the Exposure Study was subject to
review by the TAC. Prior to initiation of sampling,
study methods and protocols were also subject
to review by an independent ethical review board
and by independent scientific reviewers familiar
with these types of biological monitoring studies.
Upon finalization of the draft report, the study again
underwent external scientific review.
Following completion of the HHRA and the
Exposure Study, the results of these two
studies, as well as some additional scientific
information such as a Community Health Status
Assessment and published scientific information,
were integrated to provide overall conclusions
regarding the results of the Flin Flon Soils Study.
With consideration of the integrated overall
results, a conceptual risk management plan was
developed in March 2010.

HUMAN HEALTH RISK ASSESSMENT OF FLIN FLON, MANITOBA,
AND CREIGHTON, SASKATCHEWAN
Introduction and General
Methodology
What is a Human Health Risk
Assessment?
The term risk refers to the chance or
likelihood that a particular event will occur.
A human health risk assessment (HHRA) is
a scientific study that evaluates the potential
risk that a given population will experience
adverse health effects from exposure to
particular chemicals in the surrounding
environment (e.g., air, soil, sediment, surface
water, food, etc.), under existing or predicted
exposure conditions. Although risk
predictions are typically based on measured
or real environmental data, risk predictions
are theoretical because they are calculated
using mathematical models and assumptions
about the population and their exposure to
environmental chemicals.
Human health risks are calculated based on
three factors (Figure 3):
1 The known toxicity of the identified
chemical(s);
2 The sensitivity of the exposed group of
people (or receptor); and
3 The existence of a complete exposure
pathway (through swallowing, breathing,
or skin contact) for people to come in
contact with the chemical, which includes
frequency and duration of exposure.

RECEPTORS
(PEOPLE)

PATHWAYS
(EXPOSURE)

RISK
CHEMICALS
(HAZARD)

Figure 3

Combination of Factors
Contributing to Health
Risk

There is a potential for health risks if the
amount of exposure or dose of a chemical
received by a population is greater
than a level that is considered ‘safe’ or
permissible. Permissible levels of exposure
are set by regulatory agencies based on
a thorough review of current scientific
evidence and existing regulatory policies
and are conservative in nature to err on
the side of safety.
It is acknowledged that the various
uncertainties associated with the HHRA
process have the potential to influence
estimates of exposure and risk. By design, the
HHRA is a conservative (i.e., health protective)
process. The methods and assumptions
used in this HHRA have a built-in tendency
to overestimate, rather than underestimate,
potential health risks. Consequently, the
predicted risks using the HHRA do not equate
to actual human health outcomes but instead
indicate a need for further investigation.
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What are the objectives of the Human
Health Risk Assessment?
Given that there is evidence to warrant further
assessment of risks to humans as a result of
the presence of certain metals in soil above
CCME guidelines, and there is uncertainty
regarding the potential risks associated with
other metals found to be elevated in soils, the
objectives of the HHRA were as follows:
Objective 1: To assess risks to human
receptors residing in Flin Flon, Manitoba
and Creighton, Saskatchewan as a result
of exposure to metals in soil and other
environmental media impacted by the
activities of the HBMS complex. The
HHRA will estimate the contribution
from individual exposure pathways
and environmental media to assist in
the development of risk management
objectives; and,
Objective 2: Develop Provisional Trigger
Concentrations (PTCs) for residential soil
for each chemical. PTCs can be applied on
a property-by-property basis to determine
which properties may have concentrations
of chemicals in soil that may require risk
management or further consideration such
as biomonitoring of residents.
How is a Human Health Risk
Assessment Conducted?
Several government agencies provide
guidance on conducting risk assessments,
including Health Canada, the United States
Environmental Protection Agency (U.S. EPA),
the Ontario Ministry of the Environment
12

THE FLIN FLON SOILS STUDY •

summary document

(OMOE), and the Canadian Council of
Ministers of the Environment (CCME). The
Flin Flon area HHRA was considered to be
an area-wide risk assessment, as it evaluated
a large geographical area, rather than an
individual property (that would be considered
a site-specific risk assessment). The Flin
Flon area HHRA was conducted according
to the general risk assessment framework
recommended by Health Canada, the U.S. EPA,
the OMOE, and the CCME:
1. PROBLEM FORMULATION
This is an information gathering and
interpretation stage that focuses the
scope of the risk assessment and
characterizes the study area in detail. This
component also identifies Chemicals of
Concern, people or receptors who may
be exposed to the chemicals, and the
pathways by which people may come into
contact with the chemicals.
2. EXPOSURE ASSESSMENT
This component involves using a
precautionary and conservative approach
to calculate the amount, or dose, of
a chemical that people may receive.
All potential exposure pathways are
considered. Site-specific data (e.g.,
samples of air, soil, dust, drinking water,
fish, etc.) are collected, providing
measured chemical levels in the study
area environment that are used to
calculate exposures for each chemical.
3. HAZARD ASSESSMENT
This stage involves an evaluation of the
chemicals and the adverse health effects
that might occur under the exposure

conditions that may be experienced by
study area residents. This is also the
point at which permissible doses (or
toxicity reference values) are determined.
These are levels of exposure or doses
approved by regulatory agencies, which
are protective of human health.
4. RISK CHARACTERIZATION

A three-phased approach was applied to the
HHRA to ensure it proceeded in a logical
and sequential manner, and allowed for
unresolved issues or major uncertainties to be
addressed as they were identified. The process
consisted of 1) a Literature Review, Data Gap
Analysis and Supplemental Sampling phase,
2) a Problem Formulation phase, and 3) the
detailed HHRA. (Figure 4).

Phase 1
Literature Review,
Data Gap Analysis and
Supplemental Sampling

Phase 2
Step 1 - Problem Formulation
Information gathering
and interpretation

Phase 3
Detailed Assessment
Step 2

Step 3

Exposure Assessment
Based on chemical, receptor
and site characteristics

Hazard Assessment
Dose-response analysis,
exposure limits

Data Collection and Validation

Public Consultation and Scientific Communication

At this stage of the HHRA, risks are
predicted based on a comparison of
calculated doses (from the exposure
assessment) with permissible doses (from
the hazard assessment) for each chemical.

Step 4

Risk Characterization
Comparison of predicted receptor
exposure to exposure limits

Consideration of Weight-of-Evidence

Figure 4

Three Phases of the HHRA of Flin Flon, MB and Creighton, SK
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Phase One: Literature Review,
Data Gap Analysis and
Supplemental Sampling
As part of the initial stages of the HHRA,
Intrinsik completed a “Literature Review and
Data Gap Analysis” which involved a review
of all available primary scientific literature,
reports prepared and data collected by
government agencies, and information
provided by HBMS related to the Flin Flon
area. Information gathered was used to
determine what additional area-specific
data was needed to complete the HHRA.
Supplemental data was collected between
2007 and 2008. The collection of this
information was necessary to ensure that the
final exposure and risk predictions were as
accurate as possible. The following sections
outline the sampling and survey programs
that were carried out as part of the HHRA.
Supplemental Soil Sampling
The Manitoba Conservation soils study
measured the concentrations of metals in the
soils of public areas, including schools and
playgrounds. Since most of a person’s time
is spent at home, an additional soil sampling
program was completed in the fall of 2007,
focused on measuring the levels of metals in
soil on residential properties. A total of 369
soil samples (107 in West Flin Flon, 141 in
East Flin Flon, 68 in Creighton, 18 in Channing,
and 35 at undisturbed locations at varying
distances from Flin Flon) were collected.
Indoor Dust Sampling
Indoor dust represents an important
exposure pathway, particularly for toddlers
14
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who tend to spend time in contact with
floors and carpets. As it was recognized that
there was no information available on the
concentrations of chemicals in indoor dust
in the Flin Flon area, an indoor dust sampling
program was conducted in June 2008. Indoor
dust was collected from homes, schools
and daycares. A total of 38 samples were
collected from locations in the Flin Flon area
(15 in West Flin Flon, 14 in East Flin Flon, 8
in Creighton, 1 in Channing). The results of
this sampling program were used to assess
exposure resulting from incidental ingestion
and dermal contact with indoor dust.
Air Monitoring
Metals are emitted from the HBMS complex
as small particles or particulate matter
(PM) that must be collected and analyzed
to measure the levels of chemicals in air.
HBMS conducts ongoing air monitoring with
air sampling stations located at Ruth Betts
School in Flin Flon and Creighton School
in Creighton. Manitoba Conservation also
conducts ongoing air sampling, operating a
monitor on the Provincial building in West
Flin Flon. Samples collected from these
stations were used to estimate air levels in
the HHRA.
Drinking Water Monitoring
Drinking water for residents of Flin Flon
and Creighton is provided through separate
municipal water supplies. Drinking water for
Flin Flon is taken from Cliff Lake, which is
supplied water from Trout Lake (also called
Embury Lake) through active pumping, and
drinking water for Creighton is taken from
Douglas Lake.

An ongoing monitoring program conducted
by HBMS provided measured concentrations
of each chemical in drinking water collected
on a bi-weekly basis from August 2007 to July
2008 for three locations in Flin Flin and one
location in Creighton. Since there were a
limited number of sample locations included
in the HBMS program, an additional sampling
event was conducted on March 6 and 7, 2008
to assess chemical levels in tap water at
homes, schools, and daycares in Flin Flon (36
locations) and Creighton (11 locations).
Vegetable Garden Survey
In 2002, Manitoba Conservation designed and
completed a home garden sampling program
to measure concentrations of metals in
home-grown vegetables. Nine home gardens
from the Flin Flon area, located at varying
distances and directions from the HBMS
complex, were selected to characterize
the potential influence of smelter-related
emissions.
Local Food Survey
A local food survey was conducted in
the winter and spring of 2008 to gather
information on the local foods that may
commonly be collected and consumed by
Flin Flon area residents. Results from the
survey were used to help develop a sampling
plan for local food sources to ensure that the
local food collection program was specific to
Flin Flon area residents and relevant for the
purposes of the HHRA.

Surface Water, Sediment, Fish and
Blueberry Survey
Sport-fishing during both the summer and
winter months is a popular recreational
activity in the Flin Flon area. Based on the
results of the local food survey, a sampling
program was developed for the collection
and analysis of common sport fish from
lakes at varying direction and distance
from the smelter that are reported to be
frequently used for fishing. This program was
completed in August 2008. Results of this
program were combined with data collected
by Manitoba Conservation during the same
sampling period and used for the purpose
of estimating exposure to chemicals from
consuming local fish.
The natural abundance of lakes in the Flin
Flon area also provides the opportunity for
many water-based recreational activities.
As a result, the HHRA evaluated the
potential exposure and risk levels associated
with swimming in surface water of lakes
throughout the study area. During the
completion of the fish study, a surface water
sample was collected and analyzed from each
lake. Three sediment samples were also
collected from lakes included in the fish study.
The concentrations of chemicals measured in
surface water and sediment were used in the
assessment of exposure while swimming.
The climate and landscape of the Flin
Flon area promotes an abundance of wild
blueberries. As a result, it is common for
residents of the Flin Flon area to pick large
amounts of blueberries to be consumed over
the course of the entire year. Concentrations
of chemicals in wild blueberries were
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measured in samples collected from 13
locations at varying distances and direction
from the smelter complex.

digestion, thus making it soluble and available
for absorption through the gastrointestinal
tract (i.e., stomach and small intestine).
Bioaccessibility studies were conducted to
estimate the bioaccessibility of chemicals
present in soil collected from the Flin Flon area.

Phase Two: Problem Formulation

Snow Sampling
To provide information on levels of chemicals
in snow around the City of Flin Flon, snow
sampling was conducted at select locations
on March 8 and 9, 2008. A total of 12 sites
from the Creighton and Flin Flon areas
were collected in March to ensure total
winter accumulation was obtained. The
concentrations of chemicals measured as snow
samples were used to assess exposure to
chemicals resulting from ingestion of snow.
Bioaccessibility Studies
One of the most important factors in
determining a person’s exposure to a chemical,
and the body’s ultimate response, is called
bioavailability. Oral bioavailability is the
fraction of the total amount of a chemical that
a person ingests that successfully enters the
blood stream (or the portion of a chemical
that is actually absorbed by a person). The
oral bioavailability of a chemical in soil can
be estimated from laboratory tests used
to measure the oral bioaccessibility, which
is defined as the fraction of a chemical
that is released from soil or dust during
16
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The Problem Formulation defines the nature
and scope of the work to be conducted and
ensures that the assessment is directed at the
key areas and issues of concern. In this phase
of the HHRA, available background data were
reviewed, which helped to focus the approach
of the study and lay the foundation for the
HHRA. The following sections describe each
of the key problem formulation tasks.
Site Characterization
The location of different communities within
the Flin Flon area relative to the HBMS
complex may have a significant influence on
the potential exposure of its residents. To
address differences in exposures among
residents of the Flin Flon area , four separate
communities of interest were identified within
the study area, including:
• East Flin Flon (designated as the area
bordered by highway 10 on the east and
north, Ross Lake on the west, and the
southern edge of residential streets to
the south)
• West Flin Flon (designated as the area
bordered by Ross Lake on the east,
highway 10 on the west, the northern
edge of residential streets to the north,
and the Flin Flon City limits to the south)

• Channing
• Creighton.
While exposure to chemicals in some media
may be similar for residents of all communities
(e.g., market basket or store bought foods)
concentrations in other media, such as soil and
air, may be very community-specific.
Selecting Chemicals of Concern
The selection of chemicals for evaluation in
the HHRA considered soil measurements
from the study area. The data used in the
selection of the chemicals of concern was
taken from the 2006 Manitoba Conservation
report Concentrations of Metals and
Other Elements in Surface Soils of Flin Flon,
Manitoba, and Creighton Saskatchewan, and
the residential soil-sampling program. Of a
total of 24 chemicals considered, four metals
(cadmium, copper, lead, mercury) and two
non-metal elements (arsenic, selenium) were
identified as chemicals of concern and retained
for detailed evaluation in the HHRA. These
chemicals were those found to be elevated
across a significant portion of the study area,
in excess of human health-based soil criteria,
strongly inter-related, and known to be past
or present components of the HBMS smelter
emissions. For the purpose of this study, the
term metals was used to refers to all of six
elements.
Human Receptor Groups within the
Communities of Interest
A human receptor is a hypothetical person
who may live or spend time in the area being
investigated and is, or could potentially be,
exposed to the chemicals of concern. Several

characteristics influence a person’s exposure
to chemicals, including body weight, breathing
rate, food and drinking water consumption
rate, amount of time spent outdoors and
others. These factors vary depending on the
life stage (age) of the receptor. For example,
toddlers tend to have more direct contact
with soil and dust while crawling and playing
on the ground, and repeatedly putting their
hands in their mouth. The potentially higher
rate of exposure, combined with toddler’s
small body size, tend to result in toddlers
being the most highly exposed life stage in the
human health risk assessments.
Five age classes as defined by Health Canada
were selected for evaluation:
1. Infant (0 to 6 months);
2. Preschool child or toddler (7 months to 4
years);
3. Child (5 years to 11 years);
4. Adolescent or teen (12 to 19 years); and,
5. Adult (20 years and over).
For chemicals considered to be carcinogenic
(cancer causing), it is common to assess
exposure over a lifetime. This accounts
for the fact that cancer development is a
long-term process that may result from
exposure to carcinogens over long periods
of time. For this reason, a special type of
receptor called a “lifetime” or “composite”
receptor was selected for evaluation of
potential carcinogenic risks. This receptor is a
“composite” of all relevant life stages (infant,
toddler, child, adolescent, and adult) for which
exposure was evaluated.

THE FLIN FLON SOILS STUDY •

summary document

17

Exposure Routes, Pathways and
Scenarios
Although the initial trigger for conducting this
HHRA was the elevated chemical levels in
the soil, people can come into contact with
chemicals in their environment in a variety
of ways depending on their daily activities.
The means by which a chemical enters the
body from the environmental medium are
referred to as exposure routes. There are
three primary exposure routes through which
chemicals can enter the body: inhalation
(breathing); ingestion (swallowing); and dermal
(skin contact).
For each of these major exposure routes,
there are a number of exposure pathways
by which a person may come into contact
with a chemical in the environment. The
exposure pathways assessed in the HHRA are
summarized below.
Inhalation (breathing) exposure pathways
• Direct inhalation of chemicals in
outdoor air;
• Direct inhalation of chemicals in
indoor air.
Dermal (skin) exposure pathways
• Dermal contact with chemicals in
outdoor soil;
• Dermal contact with chemicals in
indoor dust
• Dermal contact with chemicals in
surface water.

Ingestion (oral) exposure pathways
• Ingestion of chemicals in outdoor soil;
• Ingestion of chemicals in indoor dust;
• Ingestion of chemicals via consumption
of home garden vegetables;
• Ingestion of chemicals via consumption
of local wild blueberries;
• Ingestion of chemicals via consumption
of local fish and wild game;
• Ingestion of chemicals via incidental
surface water ingestion while
swimming;
• Ingestion of chemicals present in
typical market basket items (i.e.,
groceries);
• Ingestion of chemicals in drinking
water derived from Flin Flon area
water resources;
• Ingestion of chemicals in sediment
while swimming
• Ingestion of chemicals in snow.
Exposure scenarios describe the situations
and conditions in which people may be
exposed to chemicals in the environment.
For the current assessment, three main
exposure scenarios were developed:
• a residential scenario for each of the
communities (i.e., East Flin Flon, West
Flin Flon, Channing and Creighton);
• a typical background scenario (included
to estimate exposure of residents of a
typical northern Manitoba/Saskatchewan
community that has not been impacted
by any point source of emissions);
• an outdoor commercial/industrial
worker scenario;

18
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• a supplemental recreational scenario (in
which it was assumed that receptors may
spend a significant portion of the summer
months swimming in local lakes, and that
children may be exposed to chemicals
through the ingestion of snow in the
winter months).
The primary focus of the residential scenarios
was on “stay-at-home” receptors (e.g., infants,
preschool children and adults that care for
them, retired persons, etc.), since they may
receive the highest exposures to residential
soils/dusts. Based on recommendations
from Health Canada, these receptors were
conservatively assumed to spend 100% of their
time at home (24 hours per day, 365 days per
year). This scenario is also considered to be
protective of properties used for daycares and
retirement homes, as well as schools and parks.

Phase Three: Detailed Human
Health Risk Assessment
The third and final phase of the HHRA
involved combining all the information
collected in the previous two phases to
predict health risk to Flin Flon area residents
from chemical exposure. The HHRA evaluated
human health risks for:
• Exposure to six chemicals of concern
(arsenic, cadmium, copper, lead, mercury,
and selenium);
• Three exposure routes (oral, dermal,
inhalation);
• Multiple sources of exposure (soil, dust,
air, drinking water, diet);
• Both cancer and non-cancer health
effects;

• Five life stages (infant, toddler, child,
adolescent, adult) and entire lifetimes
(“composite”), in each of
• Four communities of interest (West
Flin Flon, East Flin Flon, Creighton, and
Channing).
Separate assessments were completed for
short-term (acute) and long-term (chronic)
durations because the health outcomes
produced by some chemicals depend on the
duration of exposure.
The three components of the detailed HHRA;
exposure assessment, hazard assessment, and
risk characterization, are described in the
following sections.
Exposure Assessment
The exposure assessment uses all of the
available information collected about people
(e.g., body weight, breathing rate, food
consumption rates, etc.) and chemical levels in
environmental media to estimate the rate of
exposure to each chemical received by each
receptor.
The rate of exposure (i.e., the quantity of
chemical and the rate at which that quantity
is received) was predicted using communityspecific exposure point concentrations
and a series of conservative assumptions.
An exposure point concentration is
the concentration of a chemical in the
environment to which a receptor could
reasonably be expected to be exposed.
The underlying assumption used when
developing the long-term residential exposure
scenarios was that individuals would move
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randomly within each community and,
therefore, over time, come into contact with
an average concentration of a chemical within
a given community.

inhalation unit risk (for inhalation pathways of
exposure). These are values set by regulatory
agencies based on specially designed cancer
studies.

A spread sheet-based model was developed to
calculate potential exposures to the chemicals
of concern, expressed as the amount of
chemical taken in per body weight per unit
time. In the calculation of lead exposures,
the Integrated Exposure Uptake Biokinetic
(IEUBK) Model, developed by the U.S. EPA,
was also used to predict blood lead levels in
children.

As part of the hazard (or toxicity) assessment,
toxicological profiles were prepared for each
chemical, detailing mechanisms of action,
relevant toxic endpoints, and receptor- and
route-specific toxicological criteria. Acute and
chronic exposure limits were adopted for all
chemicals based on non-carcinogenic effects.
Cancer slope factors and inhalation unit risks
were also selected, where appropriate.

Hazard Assessment

Risk Characterization

The term toxicity refers to the ability of a
chemical to cause temporary or permanent
adverse (negative) effects to any part of the
body. The toxicity of a chemical depends on
many factors, including the properties of the
chemical, the dose received, and how long a
receptor is exposed. For some chemicals,
there is an upper permissible or threshold
exposure limit. Exposure at or below this
threshold are not expected to cause adverse
health effects. This is true for most chemicals
that do not cause cancer, or non-carcinogens.
Exposure limits for these chemicals are set by
regulatory agencies such as Health Canada,
the U.S. EPA, and the OMOE based on
toxicological studies.

Potential risk for all receptors and chemicals
was characterized through a comparison of
the estimated or predicted exposures from
all pathways (from the Exposure Assessment)
with the identified exposure limits or
toxicity reference values (from the Hazard
Assessment) under each exposure scenario.
This process is different for carcinogens and
non-carcinogens. Some chemicals can cause
both cancer and other (non-cancer) health
effects. All of the chemicals identified in the
Flin Flon area HHRA were evaluated for
their potential to cause non-cancer health
effects. Since two of the chemicals - arsenic
and cadmium – are considered to have the
potential to cause cancer via certain exposure
routes, these chemicals were also evaluated as
carcinogens.

There are some chemicals that are assumed
to carry some level of risk at any level of
exposure. This is as an assumption that is
generally used for cancer causing chemicals.
The potency, or cancer-causing power, of a
carcinogen is represented by its cancer slope
factor (for oral pathways of exposure), or its
20
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Non-carcinogens
The numerical risk calculated for non-cancer
health effects are expressed as a Hazard
Quotient (HQ). If the HQ value is less

than 1 (i.e., exposure is less than hazard),
health effects are not expected and the risk
is considered negligible. If the HQ value is
greater than 1 (i.e., exposure is greater than
hazard), risk cannot be ruled out and further
study may be needed.
Carcinogens
Exceedance of the acceptable cancer risk level
is used as a general indicator of unacceptable
or elevated risk; however, elevated risk may
occur to varying degrees. Recognized experts
in the field of risk communication have
suggested the use of qualitative terminology
to express the varying levels of numerical
risk (Calman, 1996; Paling, 2003). The terms
associated with different levels of numerical
risk are defined below.
• High: Risks may be fairly regular events
and would occur at a rate greater than
1-in-100. They may also be described as
frequent, serious or significant.
• Moderate: This relates to a predicted •
increased risk of between 1-in-1,000 and
1-in-100. This would apply to a wide range
of medical procedures and environmental
events.
• Low: This relates to a predicted increased
risk of between 1-in-10,000 and 1-in
-1,000. Again many risks of clinical
procedures and environmental hazards
fit into this broad category. Other words
that might be used included reasonable,
tolerable and small.

• Very low: This relates to a predicted
increased risk of between 1-in-100,000
and 1-in-10,000. Many healthcare
interventions have adverse effects that
are in this range.
• Minimal: This relates to a predicted
increased risk of between 1-in-1 million
and 1-in-100,000 and that the conduct
of normal life is not generally affected as
long as reasonable precautions are taken
to minimize exposure. For the purposes
of this risk assessment this risk level is
considered acceptable.
• Negligible: This relates to a predicted
increased risk of less than 1-in-1 million.
While still important to identify and
monitor, such a risk would be of little
concern for normal living. Other words
that could be used in this context are
remote or insignificant.
These definitions may be useful in
understanding the relative risks expressed in
the results and conclusions of the HHRA.
In addition to predicting non-cancer and
cancer risks, site-specific soil provisional
trigger concentrations (PTCs) were derived
for each chemical to be protective of
residential receptors. Soil PTCs are defined
as the average chemical soil concentration
on a residential property that corresponds
to an acceptable level of risk. PTCs do
not represent soil remediation objectives
but rather these PTCs can be applied on a
property-by-property basis to determine
which properties may have concentrations
of chemicals in soil that may require risk
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management or further consideration such
as biomonitoring of residents. The need for
remediation objectives or risk management
measures are determined based on the
outcome of these additional studies.   

Discussion of Results
Exceedance of the acceptable non-cancer
and cancer risk levels is used as a general
indicator of unacceptable or elevated risk;
however, the methods and assumptions
used in this HHRA are designed to be
conservative (i.e., health protective), and
have a built-in tendency to overestimate,
rather than underestimate, potential
health risks. Due to these conservative
assumptions, an exceedance may not
necessarily indicate that adverse health
effects would occur, but that further
assessment measures are needed.

Short-Term (Acute) Ingestion
and Inhalation Health Risks
For short-term (acute) exposures, there
were generally not elevated risks associated
with exposure to chemicals in air, soil and
snow in the Flin Flon area. A few exceptions
were noted.
For acute exposure to soil, slight
exceedances were predicted for arsenic
in West Flin Flon and Creighton, and for
mercury in West Flin Flon. By definition,
acute exposures are short-term and
infrequent in nature. The results of this
evaluation indicated that some people may
experience short-term and reversible health
effects (such as irritation and gastrointestinal
upset). However, it must be noted that these
22
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exceedances are small and the exposure
limits used to assess acute risks have built-in
safety factors, indicating that the occurrence of
acute health effects is unlikely.
For acute exposure from inhalation of air,
elevated risks were predicted for arsenic
and lead in the West Flin Flon area. Again,
the results of this evaluation indicated that
some people may experience short-term
and reversible health effects at intermittent
times when weather conditions and smelter
emissions result in elevated concentrations of
these chemicals in air. These occurrences are
somewhat rare, the exceedances are small, and
the exposure limits used to assess acute risks
have built-in safety factors, indicating that the
occurrence of acute health effects is unlikely.

Long-Term (Chronic) Endpoints
for the Residential Scenario
The following sections provide a summary
of the predicted exposure, risks, and soil
provisional trigger concentrations (PTCs)
derived for residential receptors in the Flin
Flon area. Results for non-carcinogenic
risks were assessed for each receptor age
group, however, the results are generally
presented for the toddler. For non-cancer
health effects, the toddler (7 months to 4
years) is typically the receptor group with
greatest potential exposure to the chemicals
of concern. Toddlers tend to have more direct
contact with the soil and dust due to typical
behavioural characteristics (such as playing
in soil, hand-to-mouth activities, etc.) and
small body size resulting in potentially higher
chemical exposures. The results presented
for carcinogenic risks are for the lifetime
composite receptor.

The results of the assessment of non-cancer
endpoints for the toddler for each of the
chemicals via the oral/dermal and inhalation
exposure pathways are summarized in Table 1.
An acceptable level of risk was predicted for
Table 1
Chemical

cadmium, copper, inorganic mercury, and
selenium in most communities of interest.
More detailed results are presented below
including discussion of the assessment of
lead using the IEUBK model.

Summary of HHRA Results for Non-Cancer Endpoints (Toddler)
East Flin Flon

West Flin
Flon

Creighton

Channing

Typical
Background






Arsenic





Cadmium





Copper





Lead





Inorganic mercury





Methyl mercury





Selenium
 Negligible risk – no further investigation required
 Potential risk – risk management or further consideration such as an Exposure Study of residents may be required.

The results of the assessment of carcinogenic endpoints for arsenic and cadmium are presented
in Table 2. No carcinogenic endpoints were evaluated for copper, lead, mercury and selenium.
Table 2
Chemical

Summary of HHRA Results for Carcinogenic Endpoints
(Lifetime Receptor)
East Flin Flon

West Flin Flon

Creighton

Channing





Arsenic




Cadmium
 Negligible risk – no further investigation required
 Potential risk – risk management or further consideration such as an Exposure Study of residents may be required.

Cadmium, Copper, and Selenium
An acceptable level of risk for non-cancer
effects was predicted for cadmium, copper,
and selenium throughout the communities
of interest as a result of exposure to these
chemicals in soil, local foods, drinking
water, and other environmental media. In
addition, provisional trigger concentrations
(PTCs) were also developed for these
chemicals which represent a concentration
that corresponds to an acceptable level
of risk. Comparing these PTCs to all
concentrations measured on residential

properties throughout the Flin Flon area
indicated that concentrations of these
chemicals in residential soils are not
anticipated to result in unacceptable risks.
Although the assessment of exposure to
cadmium in all types of environmental
media indicated that non-cancer risks
for cadmium are acceptable, inhalation
cancer risk estimates for cadmium in
ambient air were above the acceptable
risk level of 1-in-100,000 in each of the
four communities of interest. Exposure
to cadmium from inhalation pathways has
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been associated with an increased risk of
lung cancer. These carcinogenic health risks
associated with the inhalation of cadmium
in air were considered very low to low.
Concentrations of cadmium in all other
local environmental media, including soil,
are not expected to have the potential to
result in health concerns for local residents.
Mercury

Figure 5

The assessment of exposure and risk to
mercury was completed for both organic
(methyl mercury) and inorganic forms.
While methyl mercury may be found
in all forms of environmental media, it
is generally recognized to be a small
component of the total mercury measured
in most. The fraction of methyl mercury
in fish, drinking water, and ambient air
is considered to be more significant.
Therefore, the assessment of exposure and
risks from methyl mercury was addressed
through the consumption of local fish,
market basket fish, ingestion of drinking
water, and inhalation of ambient air.
Methyl Mercury
Exposure to methyl mercury, and
subsequently risk levels, are dominated
by contributions from local and market
basket fish (Figure 5). Contributions from
all other sources are very minor. It is
recommended that ongoing fish collection
and analysis is conducted to assess the
need for future fish consumption advisories
for this area, particularly for sensitive
receptors.
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Pathway-Specific Hazard
Quotients as a Result
of Exposure to Methyl
Mercury

Inorganic Mercury
Results of the community-based assessment
indicated that the non-cancer risk estimate
for inorganic mercury for the toddler
living in West Flin Flon was in excess of the
acceptable risk level; all other risk estimates
were equal to or below the acceptable level
indicating that adverse effects associated
with elevated exposure to inorganic
mercury are not anticipated for most
receptors. Within West Flin Flon, exposures
to inorganic mercury, and subsequently risk
levels, were dominated by contributions
from soil (Figure 6).

Figure 6

Pathway-Specific Hazard
Quotients as a Result of
Exposure to Inorganic
Mercury

Comparison of the PTC derived for inorganic
mercury to be protective of health effects
to concentrations measured on individual
properties indicated that a number of
residential properties in West Flin Flon
contained concentrations in excess of this
value (Figure 7). Concentrations of inorganic
mercury on all properties sampled in East Flin
Flon, Creighton, and Channing were below
the PTC. This indicates that a number of
residential properties contain concentrations
of inorganic mercury that may warrant
further assessment of exposure.
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Figure 8

Pathway-Specific Hazard
Quotients as a Result of
Exposure to Arsenic

For carcinogenic risks, the inhalation of
ambient air was the most significant Flin
Flon area specific source of risk (Figure 9).
Exposure to arsenic from the consumption of
drinking water in both Flin Flon and Creighton
was similar to levels estimated for people
living throughout Manitoba and Saskatchewan
under the typical background scenario.
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Figure 7

Comparison of Mercury
Concentrations on
Individual Residential
Properties to the PTC

Arsenic
Both non-cancer and cancer risk estimates for
arsenic exceeded the acceptable risk levels for
oral/dermal and inhalation exposures. Market
basket foods were the main contributor to
non-cancer arsenic-related risks for residents
of the Flin Flon area, as well as residents of
a typical Manitoba/Saskatchewan community
(Figure 8). This indicates that most of the
exposure and non-cancer risks for arsenic
are associated with consuming foods typically
found in supermarkets across Canada and
North America.

4.0E-04
ILCR 3.0E-04
2.0E-04
1.0E-04
0.0E+00
Soil/Dust
West Flin Flon

Figure 9

Air

East Flin Flon

Local
Foods

Drinking
Water

Creighton

Channing

Total
Background

Pathway-Specific ILCRs
as a Result of Exposure to
Arsenic

Comparison of the PTC derived for arsenic
to concentrations measured on individual
properties indicated that a number of
residential properties in West Flin Flon and
Creighton contained concentrations in excess
of this value (Figure 10). This indicates that
a number of residential properties contain
concentrations of arsenic that may warrant
further assessment of exposure.
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Figure 10 Comparison of Arsenic
Concentrations on
Individual Residential
Properties to the PTC
Lead
Using the spread sheet-based risk assessment
model developed for this HHRA to estimate
lead exposures, estimated non-cancer risk
levels associated with lead exposures were
within acceptable levels. The primary source
of exposure to lead for residents of each
community was through direct soil/dust
pathways (i.e., incidental ingestion and dermal
contact) and through the consumption of
market basket food items (Figure 11). Lead
content in market basket food items is unrelated
to environmental contamination in the Flin
Flon area and is reflective of foods consumed
throughout Canada and North America.

Figure 11 Pathway-Specific Hazard
Quotients as a Result of
Exposure to Lead
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The assessment of lead exposure was
also completed using the US EPA IEUBK
model, with exposure expressed as a blood
lead level. Blood lead monitoring data
is the most effective indication of recent
exposure levels to lead from all sources
and the IEUBK model was used as a tool
for estimating blood lead levels. The IEUBK
model is widely acknowledged as a very
effective method of assessing risks to young
children from exposure to lead.
Blood lead levels in Canada have declined
significantly over time. However, some
of the latest studies on lead indicate that
there may be slight developmental and
cardiovascular effects even at very low
levels. The assessment completed using
the IEUBK model predicted the probability
of exceeding both a blood lead level of 10
µg/dL, which is Health Canada’s current
intervention level for blood lead, as well
as a blood lead level of 5 µg/dL, which has
been suggested to be the level at which a
decrease in cognitive ability may be affected
in young children and the level currently in
use in Ontario. Using the US EPA IEUBK
model, blood lead levels were predicted
for receptors in seven age categories for
each of the four communities. Predicted
blood lead levels for all age categories
for all four communities and the Typical
Background scenario were well below 10
µg/dL. The predicted blood lead levels and
the probabilities of exceeding a blood lead
level of 5 and 10 µg/dL are presented in the
following Table (Table 3).

Table 3

Blood Lead Levels in Children (0 to 7 Years) Predicted by the IEUBK
Model (µg/dL)

Average
th
95 Percentile blood
lead level
Probability of
exceeding a blood
lead level of 5 µg/dL
Probability of
exceeding a blood
lead level of 10
µg/dL

West Flin
Flon

East Flin Flon

Creighton

Channing

Typical
Background

4.5

3.8

3.8

3.8

0.66

9.7

8.2

8.2

8.2

1.4

41%

29%

28%

29%

0%

4.4%

2.1%

1.9%

2.1%

0%

The assessment of risk from exposure to lead
indicates that although the predicted risk levels
and average blood lead levels were within
an acceptable range based on the overall
community assessment, there are a number of
individual properties throughout the Flin Flon
area that contain concentrations in excess
of the PTC (Figure 12). Due to the number
of homes in the Flin Flon area that contain
soil concentrations in excess of the PTC, the
completion of a blood lead survey would be an
appropriate method of reducing uncertainty in
the exposure assessment and provide a more
accurate measure of the levels occurring in
young children in these communities.
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Summary of Results and HHRA
Recommendations
Short-term (acute) risks were evaluated for noncancer effects. By definition, acute exposures are
short-term and reversible, typically occurring as a
result of a unique or extreme situation.
• Short-term or acute risks were evaluated
for air (inhalation), soil (ingestion) and snow
(ingestion) related exposures.
• Slightly elevated risks were predicted for some
chemicals; associated health effects would
include irritation and other minor effects.
• The results of this evaluation indicated that
some people may experience short-term and
reversible health effects on rare occasions.
• The predicted risks were small and the
margins of safety large, indicating that the
occurrence of acute health effects is unlikely.
Long-term (chronic risks) were evaluated for both
non-cancer and cancer endpoints.
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Figure 12 Comparison of Lead
Concentrations on
Individual Residential
Properties to the PTC

Inhalation (air)
• Arsenic and Cadmium - Concentrations of
arsenic and cadmium in air may have the
potential to result in an unacceptable increase
in the risk of developing lung cancer. The
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predicted magnitude of increase is in the very
low to low range and not expected to result
in any increased cases of lung cancer in the
Flin Flon area given the population size and
predicted risk level.
• Copper, Lead, Mercury and Selenium – Risks
are within acceptable ranges; no further
action is required.
Oral/Dermal (soil/dust/water/food)
• Cadmium, Copper and Selenium - Risk are
within acceptable ranges; no further action is
required.
• Arsenic, Lead and Inorganic Mercury (the
form of mercury found in soil and air) Some elevated risks were predicted; further
evaluation with an Exposure Study was
recommended and implemented in which
blood and urine samples were collected from
Flin Flon area children.

28
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Other (fish)
• Methyl Mercury (the form of mercury found
in fish) - Some elevated risk was predicted;
it is unclear if this is connected to the facility
since levels of methyl mercury in fish are not
geographically linked to the facility.
The overall conclusion of the HHRA was to
recommend a comprehensive Exposure Study to
collect additional information on actual exposure
levels for Flin Flon area children to some
chemicals. This information would help with the
interpretation and validation of some of the key
HHRA findings. The specific additional information
required was children’s’ actual exposure levels to
lead, arsenic and inorganic mercury.

COMMUNITY HEALTH STATUS ASSESSMENT:
FLIN FLON AND CREIGHTON
A Community Health Status Assessment of Flin
Flon and Creighton was completed by public
health officials from Manitoba Health and Healthy
Living and the Saskatchewan Ministry of Health,
conducted in parallel to the HHRA. The Health
Status review was aimed to provide an assessment
of the overall health status of the combined
populations of Flin Flon, Manitoba and Creighton
and Flin Flon, Saskatchewan in comparison to
Manitoba, Saskatchewan, the NOR-MAN Health
Region, and the Mamawetan Churchill River
(MCR) Health Region. The assessment was not
designed to replace the need for the HHRA, but
rather to provide information to complement the
work of the HHRA.
This study reviewed a number of common
health conditions and health determinants over
a 10 year period, from 1996 through 2005, using
information collected from various sources
including the Vital Statistics Agency of Manitoba,
the Vital Statistics Registry of Saskatchewan, the
Saskatchewan Cancer Registry, the Manitoba
Cancer Registry, the Canadian Community
Health Survey conducted by Statistics Canada
and Census Canada.

Most early deaths in Flin Flon and Creighton are
due to injuries and more premature deaths due
to injuries occur in Flin Flon-Creighton compared
to Manitoba and Saskatchewan. The overall death
rates due to respiratory disease were also higher
than the provincial rates, due largely to death rates
associated with respiratory conditions for the
oldest age groups. Early deaths due to respiratory
disorders actually occur significantly less in the
Flin Flon-Creighton communities than in the
other populations studied. Information regarding
present and past community smoking levels was
not available for this study.
For men and women combined, overall and
premature death rates due to cancer are lower in
Flin Flon and Creighton, compared to the NORMAN Health Region, Manitoba and Saskatchewan.
When considered separately, cancer incidence
rates for men and women were not elevated
in Flin Flon and Creighton, compared to the
Manitoba and NOR-MAN Health Region rates.
Also, there were no specific types of cancer
determined to have significantly higher rates in
these communities compared to the provinces.

Generally, the overall health status of the Flin
Flon-Creighton population is as good if not better
than the provincial averages for most of the
indicators studied. Overall death rates and overall
premature mortality rates are lower in Flin FlonCreighton than in Manitoba and Saskatchewan, as
are overall death rates for circulatory disease and
premature deaths due to respiratory conditions.
Like the other populations studied, the major
causes of death in Flin Flon and Creighton are
circulatory diseases and cancer.
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THE EVALUATION OF EXPOSURE STUDY
Why Conduct an Evaluation
of Exposure for Flin Flon Area
children?
The HHRA indicated that it would be beneficial
to collect additional information on actual
exposure levels for Flin Flon area children
to some chemicals. This information would
help with the interpretation and validation of
some of the key HHRA findings. The specific
additional information required was children’s
actual exposure levels to inorganic mercury, lead
and arsenic.

What is an Evaluation of Exposure
Study?
An evaluation of exposure is a study that
examines the levels of people’s internal
exposure to selected chemicals that they
encounter. These types of studies are
sometimes described as biomonitoring studies
because they focus on measuring exposure of
humans to chemicals by measuring the amount
of chemicals that are in people’s biological fluids
or tissues (e.g., urine, blood, hair).

Why Focus on Children and Not
Other Age Groups?
The study focused on children for four main
reasons. As outlined in the HHRA, children
are generally more sensitive to exposure to
chemicals than adults. As well, children eat more
food, drink more water, and breathe more air
relative to their size than adults, and therefore
may be exposed to relatively higher amounts
of chemicals in the environment. Additionally,
30
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children’s normal activities and behaviors such
as putting their hands in their mouth or playing
on the ground create additional opportunities
for exposures to chemicals that most adults
do not encounter. Finally, chemicals may affect
children more because their immune defenses
are not fully developed, and their growing
organs may be harmed more easily.

What Questions Did the
Evaluation of Exposure Answer?
The evaluation of Exposure Study was designed
to answer the following four questions:
1. What is the current level of internal
exposure to lead, arsenic, and inorganic
mercury in the child population residing in
the Flin Flon area?
2. Do Flin Flon area child residents have
higher lead, arsenic, and/or inorganic
mercury levels than residents living in
other parts of Canada?
3. Based upon the current scientific literature,
what are the health risks from the levels
of lead in blood, and arsenic and inorganic
mercury in urine found in children in the
Flin Flon area?
4. What personal factors are associated with
the level of measured internal exposure of
children in the Flin Flon area (e.g., place of
residence, place of work, level of chemicals
in soil, age, gender, diet, personal habits, etc.)?

How Was the Study
Implemented?
A random selection of children under the age
of 15 years was invited to participate in the
study from Flin Flon, Creighton and Channing.
The younger children (0 to 2 years old) were
asked to provide a small blood sample from a
finger prick at a local clinic. Children between
2 and 7 years old were also asked to provide
a blood sample, as well as a urine sample
collected at their own home. Children between
the ages of 7 and 14 were asked to provide just
a urine sample.
Overall, 447 children participated in the
study providing 202 blood samples and 379
urine samples. Blood samples were analysed
for lead, while urine samples were analysed
for inorganic mercury, inorganic arsenic
and total arsenic. Parents received their
children’s lab results, and were referred to
their family physician for follow-up if required.
Households with participating children
also provided information on a survey of
characteristics of the house, children’s play
activities, diet and adults’ occupations.

What Is the Current Level of
Internal Exposure to Lead,
Arsenic, and Inorganic Mercury in
the Child Population Residing in
the Flin Flon Area?
Lead
Children in the Flin Flon area overall had
average (calculated as geometric means) blood
lead levels of 2.75 µg/dL. Boys were more
likely to have higher blood lead levels than
girls. Children who were 6 years of age had
the highest average levels when compared
with the other age groups. When blood lead
levels were examined by region, children in
West Flin Flon had the highest average levels.
The lowest average levels of blood lead were
observed for children from the Channing area.
Approximately 13% of the samples were at or
above the level chosen for referral for followup with a physician (5 µg/dL). Approximately
2% of the samples were at or above the Health
Canada blood lead intervention level guideline
of 10 µg/dL.
Inorganic arsenic
The average inorganic arsenic levels in urine
measured in Flin Flon area children was 6.35
µg/L.  Approximately 18% of urine samples were
found to be below the limit of detection for
urinary inorganic arsenic. Three percent of the
samples were at or above the level selected for
referral to a physician for follow-up (20 µg/L).
The average levels were similar when broken
down by sex, age, and region of residence.
Inorganic mercury
The average inorganic mercury levels in urine
measured in Flin Flon area children was 0.11
µg/g.  Approximately 50% of urine samples
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were found to be below the limit of detection
for urinary inorganic mercury. There were
no samples measured at the level that was
established for referral for follow-up (10 µg/L).
The averages were similar when compared
across sex, age groups and region of residence.

Do Flin Flon area child residents
have higher lead, arsenic, and/
or inorganic mercury levels than
residents living in other parts of
Canada?
Lead
The blood lead levels measured in Flin Flon
area children (2.75 µg/dL), and in particular
West Flin Flon children who had the higher
blood lead levels (3.63 µg/dL), were compared
with numerous other studies. It should be
noted that there were challenges in making
each comparison as there is not a “perfect”
comparison for Flin Flon area children. When
the results from this study are compared to a
large national level study in the US, the Flin Flon
area results are slightly higher (2.75 µg/dL overall
and 3.63 µg/dL in West Flin Flon compared with
1.77 µg/dL). It should be noted when making
these comparisons that the US study (1.77 µg/
dL) includes children from communities quite
different from the Flin Flon area.
When comparing the results for Flin Flon area
children with studies that have measured blood
lead levels in other communities where there
are potential concerns with lead exposure,
the results for the Flin Flon area children are
comparable (2.75 µg/dL overall and 3.63 µg/dL
in West Flin Flon compared with 2.3 µg/dL – 5.3
µg/dL). Again, caution should be used in making
interpretations from these comparisons given
32
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that the communities studied in some cases
had different sources for potential exposure,
and are likely different from the Flin Flon area
communities in potentially important ways (e.g.,
diet, activities, housing stock, soil levels).
Inorganic Arsenic
When compared with results from other
studies, the Flin Flon area levels of urinary
inorganic arsenic were similar to other recent
studies. The levels of urinary total and inorganic
arsenic measured in Flin Flon area children were
at the same levels found in other Canadian
communities including both communities with
potential soil exposure (e.g., Falconbridge,Wawa,
Deloro) and comparison communities with no
soil contamination (e.g., Hanmer, Havelock).
Inorganic Mercury
When compared with results from other
studies, the Flin Flon area levels of inorganic
arsenic were below levels found in other recent
studies.  It should be recalled that 50% of the
samples obtained were below the detection
limit. The levels of urinary inorganic mercury
levels were lower than levels found in similarly
aged populations in other studies.

Based upon the current scientific
literature, what are the health
risks from the levels of lead in
blood, and arsenic and inorganic
mercury in urine found in children
in the Flin Flon area?
Lead
The interpretation of blood lead levels in the
Flin Flon area is recommended in light of the
most current information regarding the health
effects of lead on children.The U.S. Centers

for Disease Control and Prevention state that
there is no known minimum threshold of harm
for lead exposure and Health Canada’s policy is
to reduce exposure to lead wherever practical.
Health Canada’s 1994 guidance statement for
a blood lead intervention level of 10 µg/dL is
currently under review because of concern that
adverse health effects may occur below 10 µg/
dL. Certain other agencies advise action at 5
µg/dL for children or during pregnancy, and the
literature indicates that adverse health effects
may occur below 5 µg/dL.
Inorganic Arsenic
Urinary inorganic arsenic levels found in children
in the Flin Flon area were not high enough
to be associated with health risks. Finding a
measurable amount of arsenic in urine does not
mean that the level of arsenic causes an adverse
health effect.The results found in Flin Flon area
children were very similar to levels observed in
children in other Canadian communities with
limited exposure to arsenic in soil.
Inorganic Mercury
The large majority of samples collected from
the Flin Flon area children had no detectable
levels of inorganic mercury. Overall, the
average urinary inorganic mercury levels in the
Flin Flon area was at a level with no associated
health risks.

What personal factors are
associated with the level of
measured internal exposure of
children in Flin Flon area?
An attempt was made to find associations
between the exposure levels measured and
various personal factors or characteristics that
theoretically could be related to exposure

levels. It is quite important for the reader to
note that these are measured associations
and should not be thought of as one thing
causing another. In some cases, there may
be additional factors or characteristics that
were not measured directly that may be
contributing to the various associations.
Lead
The personal factors associated with the
measured blood lead levels in Flin Flon area
children included a child’s gender, their area
of residence, and the year their house was
constructed. These factors are those that
showed stronger associations with blood lead
levels. These relationships tend to support
logical relationships with lead exposure.
Inorganic Arsenic
The main factors associated with levels of
inorganic arsenic included a child’s age, whether
or not they eat soil, it they had eaten outside or
eaten fish within the 7 days of being tested, and
their source of water for drinking and cooking.
Given previously established relationships
between activities and arsenic exposure, the
associations found in the current study are
similar in nature (e.g., active outdoors, water
source).
Inorganic Mercury
The levels of inorganic mercury measured in
Flin Flon area children were lower compared
to other communities, and were not associated
with health risks. The factors associated with
levels of inorganic mercury included the number
of silver-colored fillings the child has in their
teeth, whether or not they eat local game, and
their area of residence.
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OVERALL INTEGRATED RESULTS
Following completion of the HHRA and the
Exposure Study, the results of these two studies,
as well as some additional scientific information
such as a Community Health Status Assessment,
were integrated to provide overall conclusions
regarding the results of the Flin Flon Soils Study.
The overall conclusion of the Flin Flon Soils
Study is that the likelihood of health effects
among Flin Flon area residents from exposure to
the metals evaluated is negligible to low.

to result in any increased cases of lung cancer
in the Flin Flon area. In addition, the HBMS
smelter ceased operation in mid-June 2010.
This closure is anticipated to significantly reduce
the concentrations of metals in air. Within
the Conceptual Risk Management Section of
this document, recommendations are made to
continue air monitoring following the smelter
closure to ensure that concentrations meet
regulated air standards.

Copper and Selenium

Although current concentrations of cadmium
in air are a potential health concern, the HHRA
indicated that exposure to cadmium through
all other sources are within acceptable levels.
Concentrations of cadmium in all other local
environmental media, including soil, are not
expected to have the potential to result in health
concerns for local residents.  Given that risks
associated with the inhalation of cadmium in
ambient air cannot be more accurately assessed
through the collection of blood, urine, or other
bodily fluids, cadmium was not evaluated in the
Exposure Study.

The HHRA indicated that no human health risks
are anticipated for residents of the Flin Flon area
as a result of exposure to copper and selenium
through all potential sources of exposure,
including air, soil, local foods, and water. These
chemicals are not considered to be present
in the local environment at concentrations
that have the potential to result in health
concerns. As a result, copper and selenium
were not evaluated in the Exposure Study and
no risk management measures or supplemental
investigations were recommended to further
assess these chemicals.

Cadmium
Concentrations of cadmium measured in
ambient outdoor air in the Flin Flon area are
associated with a predicted increase in the risk
of developing lung cancer. This assumes that
residents would be exposed to the current
levels of cadmium in ambient outdoor air for a
lifetime and that concentrations in indoor air
would be similar to those measured in outdoor
air. The predicted increase of risk is low and
given the small population size it is not expected
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Methyl Mercury
The HHRA predicted that the primary source
of exposure of Flin Flon residents to methyl
mercury was from the consumption of local
fish and fish purchased from supermarkets.
Since methyl mercury is not a significant
component of total mercury in other media
such as soil, dust, and fruits and vegetables,
these pathways are not considered to be a
large source of exposure.  Given that sportfishing in the Flin Flon area is a common
recreational activity throughout the year, the
HHRA assumed that residents would have a

relatively high consumption rate of local fish.
Based on this assumption, the HHRA indicated
that a number of fish collected as part of the
larger Soils Study contained concentrations of
methyl mercury that could result in exposures
above the acceptable daily intake level. The
measured concentrations in fish do not appear
to follow a geographical pattern in relation
to the HBMS smelter, with concentrations in
fish often being elevated in lakes at locations
further from the smelter relative to lakes in
closer proximity. As widely reported in the
literature, there are numerous natural sources
of mercury in the environment that may be
contributing to these concentrations.
Recognizing that people are likely to consume
fish with varying concentrations of methyl
mercury throughout the year, it is not
anticipated that exposure to methyl mercury
through the consumption of local fish is a
significant health concern in the Flin Flon area.
It is however, recommended that residents,
particularly sensitive population groups such as
pregnant women, follow the fish consumption
advisories provided by Manitoba Water
Stewardship (2007) and Saskatchewan Ministry
of Environment (SME, 2004) and that these
agencies continue to monitor local fish for
methyl mercury content.

Inorganic Mercury
The results of the HHRA indicated that
theoretical exposure estimates to inorganic
mercury among toddlers (7 months to 4 years)
in West Flin Flon only, exceeded the acceptable
daily intake. The exposure estimates for all
other age groups in all communities, including
West Flin Flon, were equal to or below the
acceptable daily intake, indicating that adverse

effects are not anticipated. The predicted
exposure of the toddler in West Flin Flon to
inorganic mercury was approximately 5 times
greater than estimates for toddlers from other
communities and almost 4 times greater than
exposure predictions for older children within
West Flin Flon. The HHRA also indicated that
approximately half of homes in West Flin Flon
in which soil samples were collected contained
mercury at concentrations above the provisional
trigger concentration (PTC) established within
the HHRA to be protective of human health.
As a result, the HHRA recommended that an
Exposure Study be completed which included
the collection of urine samples from children in
the Flin Flon area to provide information on the
actual levels of inorganic mercury exposure.
Comparison of HHRA and Exposure
Study Results, and Conclusions
Regarding Exposure to Inorganic
Mercury
The Exposure Study provided actual
measurements of exposure to inorganic
mercury through the collection and analysis of
urine samples from local children.The results
of the Exposure Study indicated that exposure
to inorganic mercury among children in the
Flin Flon area is low. Of the 375 urine samples
collected from children, half of the samples had
levels of inorganic mercury that were too low to
actually measure.
The average urinary mercury concentration
among toddlers was no different from that of
older children (5 to 8 years) and was slightly
lower than that of adolescents (9 to 14 years).
The results of the urinary analysis do not
appear to follow the same trends observed
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with mercury in soil. Measured concentrations
of mercury in soil from West Flin Flon were
significantly higher than those measured in the
other communities. A similar trend was not
seen with urinary mercury levels.

recommended that an Exposure Study be
completed which included the collection of
urine samples from children in the Flin Flon
area to provide information on the actual levels
of arsenic exposure.

Although the HHRA indicated that the elevated
concentrations of mercury in West Flin Flon
soils may have the potential to result in much
higher levels of exposure in children living in
this community, the Exposure Study indicated
that soil concentration does not appear
to influence the actual levels of inorganic
mercury exposure in children. In addition,
all participating children had concentrations
below the level chosen for referral for followup. Urinary mercury levels in the Flin Flon area
appear to be less than those observed among
children within the general U.S. population.

The Exposure Study provided actual
measurements of exposure to total and
inorganic forms of arsenic through the collection
and analysis of urine samples from children
living within the Flin Flon area. Total urinary
arsenic measurements generally include all
forms of arsenic. The toxicity of arsenic is
primarily associated with inorganic species.
While some organic arsenic can be present at
high concentrations in seafood, they are not
considered to be relevant for toxicological risk
assessment. Measuring inorganic arsenic in
urine is typically the recommended method for
evaluating recent (i.e., 1 to 3 days) exposure to
inorganic arsenic.

Overall, urinary inorganic mercury levels appear
to be low in Flin Flon area children and are not
anticipated to be associated with risks to health.
Given that there does not appear to be an
association between concentrations in soil and
overall exposure, there are no recommendations
for soil remediation or any additional risk
management measures to reduce exposure to
inorganic mercury in environmental media in the
Flin Flon area.

Arsenic
The HHRA provided theoretical estimates of
exposure to inorganic arsenic for individuals
living in the Flin Flon area. Exposure to
inorganic arsenic was assumed to occur as a
result of ingesting and/or coming into contact
with various environmental media (e.g., food,
water, air, soil, dust, etc.) that contain varying
levels of inorganic arsenic. The HHRA
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Comparison of HHRA and Exposure
Study Results
In order to provide a meaningful comparison
between the estimated results of the HHRA
and the measured data from the Exposure
Study, estimates of inorganic arsenic exposure
and measured urinary arsenic concentrations
need to be expressed on a common manner.
Therefore, estimates of inorganic arsenic
exposure from the HHRA were converted to
urinary inorganic arsenic concentrations.
In general, the measured and predicted urinary
arsenic concentrations were quite similar for
most age groups. The predicted values for the
toddler group were substantially higher than
the measured values. This may be partially due
to the use of very conservative assumptions in

the HHRA to estimate exposure to toddlers.
One of the most important differences between
toddlers and children is the amount of soil and
dust that is assumed to be ingested on a daily
basis. Based on body weight, toddlers (7 months
to 4 yrs) are assumed to ingest almost 8 times
more soil and dust per day compared with that
of older children (5 to 11 yrs).
Comparison of Measured Urinary
Inorganic Arsenic Levels in Flin Flon to
Other Populations
Measured urinary inorganic arsenic
concentrations observed among children in
the Flin Flon area were compared to inorganic
urinary arsenic concentrations in children
from other communities. These communities
included both those that currently have or
have had a history of known point source(s) of
arsenic (i.e, mining and smelting communities),
and those communities that are believed to
have no known point source(s) of arsenic (i.e.,
reference communities).
Both Hanmer and Havelock, Ontario have been
used by other large scale HHRAs (Sudbury, ON;
and, Deloro, ON) as reference communities. In
other words, these non-impacted communities
were considered to be representative of a
background location within the study-region
that had not been impacted by any known point
source(s).The urinary arsenic concentrations
among children (2.5 to 14 years) from the Flin
Flon area was very similar to the non-impacted
reference communities of Hanmer and Havelock,
Ontario. In general, these data indicate that the
average urinary inorganic arsenic concentrations
among children from the Flin Flon area are
no different from two other non-impacted
reference communities.

Conclusions Regarding Exposure to
Arsenic
Although the arsenic soil levels in the Flin Flon
area were significantly higher than levels in the
reference community of Hanmer, measured
urinary inorganic arsenic concentrations among
children from these two communities were
very similar. Based on this information, higher
concentrations of arsenic in soil does not appear
to result in an increase in urinary inorganic
arsenic levels. Urinary arsenic concentrations
are considered a good indicator of recent (i.e., 1
to 3 days) inorganic arsenic exposure.
The results of this comparison are consistent
with studies conducted in other regions of
Canada and the U.S.The overall conclusion
reached by many of these studies (OMOE,
1991; OMOE, 1999; Gradient, 1995; SARA
Group, 2008) is that soil remediation would
not substantially reduce overall risks to local
communities, and therefore soil remediation was
concluded to be unwarranted to limit arsenic
exposure. Based on the results of the current
study, the same conclusion can be reached for
the Flin Flon area.
Although concentrations of arsenic in soil
in the Flin Flon area are not anticipated to
result in elevated health risks relative to
other communities, concentrations of arsenic
measured in ambient outdoor air in Flin Flon
are associated with an increase in the risk
of developing lung cancer. The predicted
increased risk is low and not expected to
result in any increased cases of lung cancer in
the Flin Flon area given the small population
size and low predicted risk level. The HBMS
smelter ceased operation in mid-June 2010.
This closure is anticipated to significantly
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reduce the concentrations of arsenic in air.
Within the Conceptual Risk Management
Plan section, recommendations are made to
continue air monitoring following the smelter
closure to ensure that concentrations meet
regulated air standards.

Lead
The most commonly reported and wellstudied effect of environmental lead exposure
is adverse effects on neurological function and
neurobehavioural development in children. This
may be observed as decreased IQ and memory.
While many regulatory agencies consider
there to be no known safe levels of lead in the
body, a blood lead level of 10 µg/dL is currently
used as a benchmark or intervention level
by several agencies, including Health Canada,
Centre for Disease Control and Prevention in
the U.S. (CDC, 2009), and NHMRC in Australia
(NHMRC, 2009a,b). However, this value is
currently under review and it is anticipated that
Health Canada will reduce the intervention level
in the near future. Other regulatory agencies,
such as the Ontario Ministry of Environment,
have commenced using a 5 µg/dL blood lead
level as the basis for recent environmental
standards (MOE, 2007). For the current study,
a benchmark of 5 µg/dL was selected as the
referral for follow-up level.
Table 4

Within the HHRA, the IEUBK model was
used to predict the theoretical blood lead
levels in children up to the age of seven
years. The IEUBK model was developed by
the U.S. EPA and is widely acknowledged as
a very effective method of assessing risks to
young children from exposure to lead. In
addition to predicting blood lead levels, the
probability of an individual, or the proportion
of a population, exceeding a blood lead level of
5 µg/dL or 10 µg/dL, was also predicted. The
results of this assessment indicated that the
predicted average blood lead levels for each
of the communities were below the blood
lead level of concern of 5 µg/dL. However,
given that concentrations of lead measured in
soil throughout the Flin Flon area are highly
variable, there is the potential that a significant
proportion of the population of children living
in the Flin Flon area, particularly in West Flin
Flon, could potentially have elevated blood lead
levels. As a result, the HHRA recommended
that an Exposure Study be completed which
included the collection of blood samples
from children in the Flin Flon area to provide
information on the actual blood lead levels.
These measured results are compared to the
HHRA-predicted results in Table 4.

Comparison of Predicted and Measured Blood Lead Levels

Parameter
Average (µg/dL)
Predicted
Measured
Percent above 5 µg/dL
Predicted
Measured
Percent above 10 µg/dL
Predicted
Measured
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Comparison of Measured and Predicted
Blood Lead Levels

West Flin Flon

East Flin Flon

Creighton

Channing

4.5
3.6

3.8
2.3

3.8
3.0

3.8
2.0

41%
28%

29%
6%

28%
16%

29%
0%

4.4%
0%

2.1%
3.6%

1.9%
3.2%

2.1%
0%
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The results of the Exposure Study indicated
that actual blood lead levels in Flin Flon area
children were lower than those predicted
within the HHRA. This is not unexpected
given that it is the goal of an HHRA to use
conservative assumptions to provide realistic
exposure predictions with confidence that
exposures are not under-predicted. The
average measured blood lead level for the
entire Flin Flon area was 2.75 µg/dL, ranging
from a community average of 2.0 µg/dL in
Channing to 3.6 µg/dL in West Flin Flon
(Figure 13). The measured proportion of
children exceeding a blood lead level of 5 µg/
dL was also lower than the predicted levels for
each of the four communities. The measured
proportions exceeding a blood lead level of 10
µg/dL were similar to the predicted results.
Lead in Blood(µg/dL) vs. Region

Lead in Blood (µg/dL)

30.0

10.0

Comparison of Blood Lead Levels in Flin
Flon to Other Populations and to the
Blood Lead Level of Concern
The average blood level for children (up to 7
years) in the Flin Flon area was found to be
higher than the available data for the national
average for similarly aged children (1 to 5
years) in the U.S. Since Flin Flon is a smelter
community, with a direct source of lead from
the smelter complex, it is not unexpected
that blood lead levels were higher in Flin
Flon relative to national averages. When
compared to blood lead levels in other smelter
communities (Trail, BC; Belldune, NB), average
blood lead levels in Flin Flon were generally
lower than levels found for these communities.

3.0

1.0

0.3
East Flin Flon

West Flin Flon

Channing

Creighton

Figure 13 Blood Lead Levels by
Geographic Region1
Although the Exposure Study found that the
measured community average blood lead levels
were below 5 µg/dL, a notable proportion
1

of children had blood lead levels above this
level. There was no apparent pattern to the
distribution of children with blood lead levels
above 5 µg/dL. Very few children had measured
blood lead levels above the current Health
Canada level of concern of 10 µg/dL.

While comparisons to national averages
and other smelter communities can provide
perspective on the blood lead levels in Flin Flon
children, the comparison of blood lead levels
relative to the regulatory levels of concern
should not be overlooked. The average blood
lead level for the Flin Flon area was well below
the current level of concern endorsed by Health
Canada, Centre of Disease Control, NHMRC
and the U.S. EPA. Recognizing that there is
emerging science which indicates that effects
may occur at lower levels, a more appropriate

Interpretation of boxplots – Boxplots are interpreted as follows:
•
The box itself contains the middle 50% of the data.  The upper edge (hinge) of the box indicates the 75th percentile, and the lower hinge indicates the 25th percentile.  The range of the middle two quarti les is
known as the inter-quartile range.
•
The line in the box indicates the median value of the data.  
•
If the median line within the box is not equidistant from the hinges, then the data is skewed.
•
The ends of the vertical lines or “whiskers” indicate the minimum and maximum data values, unless outliers are present in which case the whiskers extend to a maximum of 1.5 times the inter quartile range.
•
The points outside the ends of the whiskers are outliers or suspected outliers.
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comparison may be to the follow-up level utilized
in the Exposure Study. Although average blood
lead levels for each of the communities were well
below this level, there were some children that
exceeded this level. The proportion of children
above the follow-up level in these communities
indicates that there are atypical sources of lead
exposure that warrant further assessment for
lead exposure.

atmospheric releases to total exposure is
anticipated to be substantial. Particulates
in ambient air can be inhaled and directly
absorbed through the lungs. In addition,
airborne particulates will be deposited and
accumulate within indoor dust and outdoor
soil/dust and be available for incidental ingestion
through normal hand-to-mouth activities, which
is particularly relevant for young children.

Recommendations for further action on
assessing exposure to lead are described in the
Risk Management Plan Section of this document.

Potential Sources of Lead Exposure

The total exposure to lead through incidental
ingestion of indoor dust is influenced by several
factors in addition to atmospheric releases from
the smelter. There are a number of hobbies
or recreational activities that can contribute
to lead in indoor dust, and many consumer
products contain lead that can flake or chip
from surfaces and accumulate within dust.
One of the most significant potential sources
of lead in indoor dust in older homes is from
aging paint containing lead. The Exposure Study
indicated that children living in older homes are
more likely to have elevated blood lead levels.

The HHRA indicated that the primary sources
of lead exposure to residents of the Flin Flon
area are incidental ingestion of outdoor soil
and indoor dust, consumption of market
basket foods consumption of drinking water,
and inhalation of air. The consumption of local
foods such as fish, wild game, blueberries, and
home garden vegetables was predicted to
be relatively minor. The predicted exposure
associated with the consumption of market
foods is unrelated to conditions in Flin Flon
and is typical of the exposure experienced by
populations throughout Canada consuming
foods purchased at supermarkets. Although
exposure to lead through the direct inhalation
of impacted air is not as significant as through
other pathways, the total contribution of

Another factor associated with age of home is
the materials used in plumbing. Older homes
may have pipes or solder containing lead
which can leach into water used for cooking
or drinking. Sampling and analysis of “flushed”
water samples (i.e., allowing tap water to run
for sufficient time to remove all water standing
within the residential plumbing before sampling)
from homes in Flin Flon and Creighton indicate
that concentrations of lead in the municipally
supplied water are below drinking water
guidelines. Provided residents run tap water for
a sufficient time prior to use, consumption of
drinking water may not be a significant source
of lead exposure. However, failure to take this
precaution in homes with lead plumbing may
result in increased lead exposure.
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Summary of Results
For the most part, the integration of the
results of the HHRA and Exposure Study, and
additional information collected as part of
the Flin Flon Soils Study, have indicated the
likelihood of health effects among Flin Flon
area residents from exposure to the metals
evaluated are negligible to low. At the outset,
six chemicals of concern were identified
(arsenic, copper, cadmium, lead, mercury and
selenium) with elevated soil levels in the
four communities that make up the Flin Flon
area (East and West Flin Flon, and Channing,
MB, and Creighton, SK). The assessment
considered the potential for, and consequence
of, exposure to these chemicals of concern
to the residents of these communities. Both
HBMS facility-related and non-facility-related
exposures to these chemicals in air, water,
soil, dust and food (including fish) were
considered in the evaluation. The focus of the
study was chemicals in the soil attributable
to the facility. Chemicals released from the
facility are primarily released through stack
emissions, as such, air related pathways were
also considered. Air related pathways can
also be impacted by dusting from the slag
and tailings piles on the HBMS property.
Following air-borne deposition, chemicals in
soil can migrate into homes (as dust) and
into local foods. Water can also be impacted
by emissions, either directly (through direct
discharge) or indirectly (through air-borne
deposition).
The HHRA indicated that no human health
risks are anticipated for residents of the Flin
Flon area as a result of exposure to copper
and selenium through all potential sources of
exposure, including air, soil, local foods, and

water. These chemicals are not considered
to be present in the local environment at
concentrations that have the potential to
result in health concerns. As a result, no
risk management measures or supplemental
investigations were recommended to further
assess these chemicals.
Concentrations of arsenic and cadmium
measured in ambient outdoor air in the Flin
Flon area are associated with a predicted
increase in the risk of developing lung cancer.
The predicted increase of risk is low and
given the small population size it is not
expected to result in any increased cases of
lung cancer in the Flin Flon area. However,
it is recommended that concentrations of
arsenic and cadmium in air be reduced to
prevent an increase in the risk of developing
adverse health effects.  Given that the HBMS
smelter ceased operation in mid-June 2010,
concentrations of arsenic and cadmium in
ambient air are anticipated to be reduced to
acceptable levels.
Although current concentrations of cadmium
in air are a potential health concern,
the HHRA indicated that exposure to
cadmium through all other sources are
within acceptable levels. Concentrations of
cadmium in all other local environmental
media, including soil, are not expected to have
the potential to result in health concerns for
local residents.
The HHRA predicted that the primary source
of exposure of Flin Flon residents to methyl
mercury was via the consumption of local
fish and fish purchased from supermarkets.
The HHRA indicated that a number of fish
collected as part of the larger Soils Study
contained concentrations of methyl mercury
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that could result in exposures above the
acceptable daily intake level. Recognizing that
individuals are likely to consume fish with
varying concentrations of methyl mercury
throughout the year, it is not anticipated
that exposure to methyl mercury through
the consumption of local fish is a significant
health concern in the Flin Flon area. It
is however, recommended that residents,
particularly sensitive population groups
such as pregnant women, follow the fish
consumption advisories provided by Manitoba
Water Stewardship (2007) and Saskatchewan
Ministry of Environment (SME, 2004) and that
these agencies continue to monitor local fish
for methyl mercury content.
A review of the measured urinary mercury
data and the results of the HHRA indicate
that an increase in the soil mercury
concentration does not appear to translate
into an elevated level of actual exposure
(as indicated by urinary inorganic mercury
concentrations). Overall, urinary inorganic
mercury levels appear to be low in Flin Flon
area children and are not anticipated to be
associated with risks to health. Given that
there does not appear to be an association
between concentrations in soil and overall
exposure, there are no recommendations
for soil remediation or any additional risk
management measures to reduce exposure
to inorganic mercury in environmental media
in the Flin Flon area.
The results of the Exposure Study indicated
that the average urinary inorganic arsenic
concentrations among children from the
Flin Flon area are no different from two
other non-impacted reference communities.
Although the arsenic soil levels in the Flin
42
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Flon area were significantly higher than levels
in these communities, measured urinary
inorganic arsenic concentrations among
children from these two communities were
very similar. Based on these data, an increase
in soil arsenic levels do not appear to
translate into an increase in urinary inorganic
arsenic levels. The overall conclusion
reached by this and other studies is that soil
remediation would not substantially reduce
overall risks to local communities, and
therefore soil remediation was concluded to
be unwarranted to limit arsenic exposure.
The average blood lead levels for children (up
to 7 years) in the Flin Flon area was found
to be higher than the national average for
similarly aged children in the U.S., but were
generally lower than levels found in other
smelter communities. The average blood lead
level for the Flin Flon area was well below the
current level of concern endorsed by Health
Canada, Centre of Disease Control, NHMRC
and the U.S. EPA. Recognizing that there is
emerging science which indicates that effects
may occur at lower levels, a more appropriate
comparison may be to the follow-up level
utilized in the Exposure Study. Although
average blood lead levels for each of the
communities were well below this level, there
were some children that exceeded this level.
The proportion of children above the followup level in these communities indicates that
there are atypical sources of lead exposure
that warrant further assessment for lead
exposure.
The immediate and long-term effects of
the smelter closure on blood lead levels
in children cannot be quantified but is
anticipated to result in reductions. To

determine if the closure of the HBMS
smelter will have a measurable effect on
blood lead levels in children in Flin Flon,
it is recommended that future follow-up
blood lead monitoring be completed. A
direct measurement of blood lead levels
approximately one year after the closure
of the smelter can be compared to the
results of the current Exposure Study to
provide an indication of the affect of the

reduced emissions. The need for additional
monitoring can be assessed at this time.
Details describing these and additional
recommendations for further action are
described in the Risk Management Plan
section.
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CONCEPTUAL RISK MANAGEMENT PLAN
The overall conclusions of the Flin Flon Soils
Study is that the likelihood of adverse effects
among Flin Flon area residents from exposure
to the metals evaluated are negligible to low.
The purpose of the conceptual risk
management plan is to provide general
recommendations on how to potentially
reduce exposures in situations where elevated
risks to a particular chemical have been
identified. The conceptual risk management
plan does not provide detailed methodologies
that would allow for the implementation
of specific recommendations. This type of
exercise would be considered part of a larger
more detailed risk management plan.
Based on the integration analysis, three
general recommendations are made where
further investigation, continued monitoring
efforts and/or risk management actions
may be warranted to help reduce overall
population exposures:
1. Concentrations of arsenic and cadmium
measured in the ambient air of Flin Flon
were elevated relative to health-based
air quality guidelines and measurements
taken from other reference communities.
Although other sources may be
present in the environment, emissions
from HBMS are considered to be the
major contributing source to ambient
air levels. The HBMS smelter ceased
operation in mid-June 2010. This closure
is anticipated to significantly reduce the
concentrations of metals in air. It is
recommended that Provincial and
44
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HBMS air monitoring programs
are continued in the future to
confirm that concentrations of
arsenic and cadmium in ambient
air will continue to decrease after
operations cease in mid-June.
Ongoing activities to vegetate slag and
tailings piles on the HBMS property
(which represent other potential sources
of exposure) should effectively mitigate
the generation of dust from the site. The
Provinces should also revisit their air
standards to ensure they are reflective
of the most up-to-date science and
regulatory policy.
2. Elevated exposure to methyl mercury
was predicted for people frequently
consuming fish from several of the
local lakes within the Flin Flon area. It
is unclear if elevated methyl mercury
concentrations in fish are associated
with the HBMS facility. Methyl mercury
concentrations in fish generally appeared
to increase with increasing distance from
the HBMS facility, suggesting that methyl
mercury concentrations in fish may not
be directly linked to HBMS air emissions.
Fish are an important part of a healthy
diet and contain high-quality protein
and other essential nutrients and are
low in saturated fats. A well-balanced
diet including a variety of fish can
contribute to heart health and children's
proper growth and development and
people should include fish in their diets
because of the many nutritional benefits.
Provincial fish consumption guidelines are

in place to address concerns related to
mercury concentrations in fish for many
provincial lakes. It is recommended
that the Provinces evaluate the
need for advisories in the lakes
with increased fish mercury levels
identified in this study.
3. The measured average blood lead level
for the entire Flin Flon area was 2.75 µg/
dL. This overall blood lead level for the
Flin Flon area does not represent an
immediate health concern. While many
regulatory agencies consider there to be
no known safe levels of lead in the body,
a blood lead level of 10 µg/dL is currently
used as an intervention level by many
agencies, including Health Canada. This
intervention level (10 µg/dL) is currently
under review by Health Canada. It is
anticipated that the current intervention
level will be reduced in the near future.
There were no children in West Flin Flon
with measured blood lead levels above
the current intervention level; however,
approximately 3% of children living in
Creighton and East Flin Flon had measured
blood lead levels above 10 µg/dL.
Given the regulatory and scientific
uncertainties in establishing a safe blood lead
level in children, it may be wise to compare
the blood lead levels in the Flin Flon area
to a blood lead level less than the current
intervention value of 10 µg/dL. Using a
blood lead level of 5 µg/dL (half the current
intervention level), the Exposure Study found
that although the Flin Flon area average
blood lead level (2.75 µg/dL) was less than
this value, the communities of West Flin Flon

and Creighton had a notable proportion of
children with blood lead levels above 5 µg/dL
(28% in West Flin Flon and 16% in Creighton).  
Given the regulatory and scientific
uncertainties in establishing a safe
blood lead level in children and the
notable percentage of children found
to have levels above 5 µg/dL, it would
be prudent to recommend a number
of risk management activities to assist
in further reducing the levels of lead
exposure among children across the
area. It should be noted that, to-date, there
is no one specific source of lead exposure that
has been identified. Lead exposure appears to
be coming from a number of different sources,
including soil, household dust, and to a lesser
extent, air and water.

Two-Tiered Conceptual Risk
Management Plan
A two-tiered risk management plan for the
Flin Flon area is proposed to address lead in
the environment based on the outcomes of
the HHRA and Exposure Study. Tier I consists
of exposure reduction strategies or actions
which can be implemented in the short-term
which would assist in reducing exposures. Tier
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II focuses on longer-term exposure reduction
strategies and monitoring efforts that will
provide information on the effect of the
smelter closure on air concentrations, and the
effect of this and risk management strategies
on blood lead levels.
Many of the risk management strategies
discussed below focus on efforts to lower
existing blood lead levels among children in
the Flin Flon area. Prior to discussing these
strategies it is important to recognize that
much of the existing information pertaining
to lead intervention programs focus on
children with ‘elevated’ blood lead levels (i.e.,
between 10 and 20 µg/L). The average blood
lead level among children in the Flin Flon area
was approximately 2.75 µg/dL, with 5 of 202
children reporting blood lead levels greater
than 10 µg/L.
TIER I ACTIONS – Suggested Short Term
Exposure Reduction Measures
Exposure reduction strategies for children
with blood lead levels less than 10 µg/dL have
typically focused on educational programs and
household cleanliness, without actually identifying
and repairing specific lead hazards (CDC, 2007).
Numerous studies involving children at high risk
of developing elevated blood lead levels concluded
that educational programs and nonprofessional
cleaning practices alone failed to prevent the
development of blood lead levels greater than 10
µg/dL (CDC, 2002; U.S. EPA, 2000; Haynes et al.,
2002; Sandel et al., 2004). According to the EPA
(2000), neither education nor extensive in-home
intervention strategies recommended for children
with blood lead levels greater than or equal to 20
µg/dL have proven effective in lowering blood lead
levels below 10 µg/L.
46
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The Cochrane Collaboration (Cochrane, 2009)
concluded that there was no evidence that
household interventions including education
and dust control measures had any effectiveness
in reducing blood lead levels among children.
Repeated in-home lead prevention education in
addition to providing complimentary cleaning
materials was also ineffective in decreasing the
prevalence of elevated blood lead levels (Lanphear
et al., 1999; Lanphear et al., 2000). Although there
is some evidence that low-cost interventions
(i.e., caregiver education and professional house
cleaning) may reduce the proportion of children
with blood lead levels greater than or equal to 15
or 20 µg/dL within a population, the effect on the
overall average blood lead levels among children
was not significant.
In general, educational programs and promoting
best cleaning practices alone have, at best,
limited effectiveness. It is also worth noting
that much of the research on reducing blood
lead levels involved children with blood lead
levels significantly greater than those observed
in the Flin Flon area. The effectiveness of
these interventions on lower blood lead level
thresholds (less than 10 µg/dL) is unknown. It
should also be recognized that, to date no one
singular or dominant source of lead exposure
(e.g., soil, ambient air, indoor dust, drinking
water, etc.) has been identified for the Flin
Flon area. As a result, identifying an effective
exposure reduction strategy is difficult without
further knowledge of the exact source(s) of
lead exposure.
According to the CDC (2007), it should be
assumed (unless otherwise determined by a
licensed lead inspector) that all homes built
prior to 1978 have a lead hazard present or
contain intact lead-based paint. Approximately

25% of all homes in the United States with
children less than 6 years of age (approximately
4.1 million homes) have lead-based paint
hazards (Jacobs et al., 2002).  General
knowledge of the characteristics of lead-based
paints, their hazards and control measures
may help parents better identify potential lead
hazards within their home.
To decrease the likelihood of lead hazards
in homes built prior to 1978, additional
precautions (e.g., lead-safe work practices) need
to be implemented when conducting routine
maintenance or even minor repairs. The dust
generated by home renovation activities is a
known risk factor for increased blood lead
levels (Rabinowitz et al., 1985; CDC, 1994;
Reissman et al., 2002; U.S. EPA, 1999) and,
therefore, contractors and/or homeowners
need to implement the appropriate leadsafe work practices when conducting this
type of work in older buildings.  Guidance on
home assessment of lead hazards and home
renovation safety precautions is available from
Canada Mortgage and Housing Corporation
(CMHC) and the U.S. EPA.
Although education alone may have limited
effectiveness, it is an important component
to an overall lead reduction strategy. In 2000,
the U.S. EPA (2000) reviewed the scientific
basis of the recommendations put forward by
various state and local educational programs
for reducing lead exposure among children
with blood lead levels between 10 and 20 µg/
dL. For the most part, many of the educational
recommendations were supported by some
scientific evidence while others were consistent
with conventional wisdom.
Lead exposure in the Flin Flon area appears to
be coming from a number of different sources.

As a result it would be prudent to follow a
number of general recommendations to help
minimize exposures to lead. The following
are recommendations provided by Health
Canada (2008) and the Ontario Ministry of the
Environment (2008) to help minimize exposure
to lead:
• Avoid bringing soil inside by removing
outdoor shoes.
• Wash the hands and faces of children
after they have been playing outdoors and
before eating.
• Clean your home regularly using a damp
mop or cloth.
• Brush pets often as their fur collects dust.
Pets should be brushed outside if possible.
• Wash all vegetables thoroughly and peel
root crops, before eating them.
• The cold water tap should be run
first thing in the morning or when the
plumbing system hasn’t been used for a
number of hours. This can be particularly
important if you have soft water. Use
only cold water for drinking, cooking and
making baby formula, since hot water is
likely to contain more lead.
• Children’s toys and crayons may contain
lead. Be aware of consumer alerts issued
by government agencies.
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• Don’t let your children eat paint chips.
They like them because the lead in the
paint makes the chips taste sweet.
• Lead shot is fragmented on impact with
gamebirds, resulting in the contamination
of meat (Pain et al., 2010). It is
recommended that non-lead shot is used
when hunting gamebirds. Consider using
non-lead shot for other game as well.
• For harvesting game shot with lead
bullets, remove and discard the tissue
surrounding the wound channel as this
tissue may be contaminated with lead
bullet fragments (Tsuji et al., 2009).
TIER II ACTIONS

• Follow-Up Blood Lead Monitoring

Tier II focuses on long-term dust control
measures and monitoring efforts that
will provide information necessary to
determine if additional risk management
actions are required to reduce exposure
to lead. The educational programs and
recommendations outlined within Tier I
combined with the closing of the smelter
and the associated reduction in air
concentrations is anticipated to assist in
lowering children’s blood lead levels. Two
monitoring programs are recommended to
evaluate the effect of these factors on lead
exposure in the Flin Flon area:
• Ongoing Air Monitoring
The HBMS smelter ceased operation in
mid-June 2010. This closure is anticipated
to significantly reduce the concentrations
of metals in air. This would result in a
reduction in exposure to lead from the
48
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inhalation pathway. In addition, the lower
rate of deposition of lead to the Flin
Flon area environment may also reduce
exposure from incidental ingestion of
outdoor soil and indoor dust. Ongoing
air monitoring for lead combined
with a follow-up blood lead study may
provide useful information to investigate
the trends, if any, with decreasing air
concentrations and decreased deposition
of lead particles to soils and other
surfaces. The ongoing air monitoring
will also assess the effect of the smelter
closure on concentrations of arsenic and
cadmium in air and the risks associated
with exposure to these chemicals through
the inhalation pathway.
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It is recommended that a followup blood lead monitoring study is
completed in the fall of 2011. This study
will provide information on the blood
lead levels of children in the Flin Flon
area following the implementation of
the Tier I educational efforts and the
reduced exposure associated with the
smelter closure.
In addition to monitoring programs, Tier II
measures include ongoing efforts to reduce
the re-suspension of dust from impacted
areas such as tailings impoundments and
exposed slag. This may include covering or revegetating these areas as well as natural areas
that have suffered from a loss of vegetation.

Summary of Potential Risk
Management Actions
The following is a summary of the potential
risk management actions that are intended
to help reduce exposure to lead and
monitor future blood lead levels in Flin Flon
area children:
• Education and promotion of best cleaning
practices - although education alone
may have limited effectiveness, it is an
important component to an overall lead
reduction strategy.

• Follow-up community-wide blood lead
monitoring to investigate future trends
in blood lead levels with decreasing air
concentrations and other interventions.
The need for additional risk management
measures will be evaluated following the
completion of the follow-up blood lead study.
Based on the results of the Flin Flon Soils
Study, the removal or management of soils in
the community are not justified at this time.

• Dust control (including continued
vegetation of slag and tailings piles to help
mitigate the generation of dusts from the
HBMS site).
• Ongoing air monitoring to measure
concentrations of lead and other
chemicals of concern in local air following
the closure of the smelter.
LIST OF ACRONYMS
µg/dL

Microgram per deciliter blood

mg

Milligram (1 x 10-3 grams)

µg

Microgram (1 x 10-6 grams)

CAC

Community Advisory Committee

CCME

Canadian Council of Ministers of the Environment

HBMS

Hudson Bay Mining and Smelting Co., Limited

HHRA

Human health risk assessment

HQ

Hazard quotient

IERP

Independent Expert Review Panel

IEUBK
NHANES
NHMRC

Integrated Exposure Uptake Biokinetic Model
National Health and Nutrition Examination Survey
National Health and Medical Research Council

OMOE

Ontario Ministry of the Environment

PTC

Provisional trigger concentration

TAC

Technical Advisory Committee

U.S. EPA

United States Environmental Protection Agency
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GLOSSARY OF TERMS
95th Percentile

The 95th percentile of a set of measurements is the value below which 95% of the results fall.

95% Upper Confidence Limit
of the Mean
(95%UCLM)

The upper bound estimate on the value of the mean of a normally distributed sample parameter that one can be confident (at a
specified level) is not exceeded by the true mean of the population.

Absorbed Faction

The fraction of an inhaled or swallowed compound that is absorbed into the blood stream. See also Bioavailability and
Bioaccessibility.

Absorption

The process of assimilating one material into another (i.e., when a sponge takes up water). Metals can also be absorbed into
the bloodstream and transported to various body organs after breathing or inhaling airborne dust or swallowing dust and soils.
Rarely, metals might be absorbed through the skin into the bloodstream and then transported to other organs. However, this is
not the main source of absorbed metals in their various forms.

Acceptable Daily Intake (ADI)

Estimated maximum amount of an agent, expressed on a body mass basis, to which individuals in a (sub)population may be
exposed daily over their lifetimes without appreciable health risk.

Acceptable Risk

A risk management term. The acceptability of the risk depends on scientific data, social, economic, and political factors, and the
perceived benefits of producing or using a product associated with exposure to an agent.

Acute

Occurring over a short time. An acute or short-term exposure can result in short term or long-term health effects. An acute
effect happens within a short time after an exposure (i.e., may be minutes or days).

Acute Exposure Limit

The amount or dose of a chemical that can be tolerated by humans without evidence of adverse health effects on a short-term
basis

Adverse Health Effect

A change in body function or cell structure that might lead to disease or health problems.

Antagonism

A phenomenon where two or more agents in combination have an overall effect which is less than the sum of their individual
effects. In biochemistry and toxicology, the term commonly refers to interference in the physiological action of a chemical
substance by another having a similar structure or chemical behaviour.

Background Level

A typical or average level or concentration of a chemical or substance in the environment. Background often refers to naturally
occurring or uncontaminated levels, and it should be noted that these vary from one location to another.

Benchmark

A regulatory agency target against which predictions of risks are assessed.

Bioaccessibility

The mass fraction of a substance that is converted to a soluble form, and is therefore potentially available for uptake, under
conditions of the external part of the membrane of interest. If one is evaluating bioaccessibility via the oral route, it is the
fraction of a substance that becomes solubilized within the gastrointestinal tract (i.e., stomach and small intestine). This may
also include the fraction of the substance, in the form of ultrafine (nano) particles, which is translocated directly into cells or
the blood circulation. In the case of dermal exposures, it is the fraction solubilized on the outside of the skin (i.e., in sweat).

Bioavailability

The fraction of a substance to which an organism has been exposed that is absorbed into the blood stream. The bioavailable
fraction is also sometimes referred to as the absorbed fraction or fabs. Absolute bioavailability refers to the fraction or
percentage of a chemical that is ingested, inhaled or applied to the skin that is absorbed and reaches systemic blood circulation.
Relative bioavailability, as it pertains to risk assessment, has been defined as the difference in absorption of a chemical from the
environmental medium of concern (e.g., food, soil and/or water) versus the absorption from the vehicle (or medium) used in
the toxicological study from which the toxicity-based reference value is derived.

Biological Monitoring

Measuring either chemicals or the various by-products they produce in the body by sampling biological materials (blood, urine,
breath, etc.). The prime objective of biological monitoring is to obtain measurements of chemical exposure in humans, animals
or plants.

Cancer Slope Factor / Unit
Risk Cancer Estimate (q1*, SF)

A measure of the relationship between exposure to a carcinogen and the increased risk of cancer, and corresponds to risk per
unit of exposure. The cancer slope factor is used to estimate the increased risk of cancer resulting from a lifetime of exposure
to a substance.

Carcinogen / Carcinogenic

A substance or chemical that can cause cancer. Knowledge that a chemical or substances can cause cancer is usually obtained
from laboratory studies in animals. Only infrequently do we know that a substance definitely causes cancer in humans.
Sometimes the cancer effect is dependent on the type of exposure.

Centers for Disease Control
and Prevention (CDC)

A major operating component of the U.S. Department of Health and Human Services, responsible for public health efforts to
prevent and control infectious and chronic diseases, injuries, workplace hazards, disabilities, and environmental health threats.

Central Tendency Estimate
(CTE)

A statistic that represents the most likely, most common or average value for a population; provides an indication of the middle
point of distribution for a particular group. The mode, the median and the mean are the commonly used central tendency
statistics.

Chronic

Occurring over a long period of time, several weeks, months or years, depending on the exposed species.

Chronic Exposure Limit

Amount or does of a chemical that people can be exposed to without experiencing ill effects, even when exposure occurs
continuously or regularly over extended periods (e.g., longer than a year).

Chronic Exposure Limit

Amount or does of a chemical that people can be exposed to without experiencing ill effects, even when exposure occurs
continuously or regularly over extended periods (e.g., longer than a year).

Concentration

The proportion of one substance contained in a given amount of a specific media. The unit is a concentration unit which has
two components: the numerator (i.e., quantity of chemical present) and the denominator (i.e., quantity of the media or volume
of solution in which the chemical is present). For example, an arsenic soil concentration of 10 mg/kg (i.e., 10 ppm) represents
10 mg of arsenic present within 1 kilogram of soil.is a concentration unit which has two components: the numerator (i.e.,
quantity of chemical present) and the denominator (i.e., quantity of the media or volume of solution in which the chemical is
present). For example, an arsenic soil concentration of 10 mg/kg (i.e., 10 ppm) represents 10 mg of arsenic present within 1
kilogram of soil.

Concentration Ratio (CR)

The concentration is similar to the hazard quotient, where the exposure and exposure limit are expressed as concentrations
(rather than as doses). See Hazard quotient.
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Dermal

Referring to the skin. For example, dermal absorption means absorption through the skin.

Detection Limit

The lowest amount of substance that a laboratory can reliably measure using a specific analytical technique. Detection limits
are usually defined in relation to a particular measurement methodology of a laboratory. The concentration of a chemical
is measured in a sample of air, water, soil or other medium. Whether or not a chemical can be shown to be present in a
measurable concentration depends on the detection limit. The detection limit seldom, if ever, denotes a concentration of zero.

Dose

The amount of chemical or substance taken in or absorbed by an exposed individual. Dose often takes body weight into
account. For example, to receive equivalent doses of medicine, children are given smaller amounts than adults. The unit is mg/
kg for example. The dose rate is the frequency that the dose is applied, such as "mg/kg body weight per day". Acute toxicity
usually refers to single doses, while chronic toxicity refers to given dose rates.

Dose-Response Relationship

The relationship between the amount of a substance absorbed (i.e., dose) and the resulting changes in body function or health
(i.e., response).

Epidemiology

The study of disease in human populations. An epidemiological study often compares two or more groups of people who
are as alike as possible, except for the factors being investigated. The factor could be exposure to a chemical or the presence
of a health effect. The investigators try to determine if any factor is associated with the health effect outside of what may be
considered "chance".
Note: Epidemiologic studies do not prove the "cause" of the health effect, they measure an "association" between the health
effect and various factors. The true cause of any adverse effect is determined by the amount and quality of evidence available
from many sources such as clinical medicine, toxicology, cellular biology, chemistry, etc.

Estimated Daily Intake (EDI)

The total exposure to a substance that is estimated to occur each day, considering all exposure media (for example, food, water,
air and soil) and routes (e.g., swallowing, inhaling or coming into skin contact).

Exposure

Exposure is any contact with a chemical by swallowing, breathing or direct contact (such as through the skin or eyes).
Exposure may be either short term (acute) or long term (chronic). Exposure can vary greatly, and is often associated with
specific activities or behaviours of people or ecological organisms. It is quantified as the amount of a substance that can be
absorbed, or the amount available for inhalation or ingestion.

Exposure Assessment

A process that estimates or measures the amount of a chemical or substance that enters or comes into contact with a person
or ecological organism. An exposure assessment also takes into consideration the length of time and the nature of a population
exposed to a chemical.

Exposure Limit

Maximum dose or amount of chemical that a person can be exposed to for a specified period without experiencing an adverse
effect.

Exposure Limit

Maximum dose or amount of chemical that a person can be exposed to for a specified period without experiencing an adverse
effect.

Exposure Pathway

The pathway a chemical, substance or agent may take to reach or cause exposure of humans or other living organisms.
Pathways link a source of a chemical, substance or agent (i.e., soil) to its eventual entry into the body.

Exposure Point Concentration
(EPC)

The concentration of a chemical in any environmental medium (i.e., air, food, water, etc.) to which a receptor could reasonably
be expected to be exposed over an extended period of time.

Exposure Route

The route through which a substance can enter the body. Inhalation (breathing), ingestion (swallowing) and dermal contact
(skin contact) are the three exposure routes considered in this document.

Exposure Scenario

A combination of facts, assumptions, and inferences that define a discrete situation where potential exposures may occur. These
may include the source, the exposed population, the time frame of exposure, microenvironment(s), and activities. Scenarios are
often created to aid exposure assessors in estimating exposure under varying conditions.

Hazard

Inherent property of an agent or situation having the potential to cause adverse effects when an organism, system, or (sub)
population is exposed to that agent or situation.

Hazard Quotient (HQ)

The ratio of estimated site-specific exposure to a single chemical over a specified period to the estimated daily exposure level,
at which no adverse health effects are likely to occur. This risk characterization metric is typically used in the evaluation of noncarcinogenic chemicals. Also known as an exposure ratio (ER).

Health Assessment

A process to determine the health impacts related to particular events or circumstances, such as the release of a chemical,
substance or agent into the environment. It includes a health interpretation of all the information known about the situation.
The information may include some or all of the following: site investigation (environmental sampling and studies), exposure
assessment, risk assessment, biological monitoring and health effects studies. The information is used to advise people how to
prevent or reduce their exposures, to determine if remedial actions are necessary, or the need for additional studies.
The types of studies carried out in a health assessment can include studies of the environment (soil measurements, chemical
availability, etc.) or studies of the people living in the environment (epidemiological studies or biological monitoring studies).

Health Canada

The department of the government of Canada responsible for helping Canadians maintain and improve their health. Health
Canada administers many pieces of legislation and develops and enforces regulations under this legislation that have a direct
impact on the health and safety of Canadians. Health Canada also prepares guidelines in order to help interpret and clarify
legislation and regulations.

Human Health Risk
Assessment (HHRA)

A risk assessment focused on estimating potential human health risks to a defined set of individuals from exposure to a
particular agent or agents. The HHRA process includes four basic steps: problem formulation (hazard identification), exposure
assessment, hazard assessment, and risk characterization.

Incremental Lifetime Cancer
Risk (ILCR)

The predicted risk of an individual in a population of a given size developing cancer over a lifetime as a result of exposure to a
particular agent or agents at a specified daily rate over a lifetime of 70 years. The ILCR is calculated by multiplying the lifetime
average daily dose by the cancer slope factor (q1*).

Ingestion

Taking a substance into the body by swallowing it, whether incidentally or purposely.

Inhalation

Breathing or inhaling air, and the substances it contains, into the lungs.
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Integrated Exposure Uptake
Biokinetic Model (IEUBK)

The IEUBK model is a computer model developed by the U.S. EPA to model exposure from lead in air, water, soil, dust, diet, paint, and
other sources. It uses pharmacokinetic modelling to predict blood lead concentrations (PbB) in children 6 months to 7 years old.

Market Basket

The amounts of different foods and beverages that are consumed by a person during a specific period of time.

Media

Soil, water, air, plants, animals or any other parts of the environment that can contain chemicals, agents or substances. Body tissues or
fluids such as blood, bone or urine may also be media. The singular of "media" is "medium."

Modelling

The process by which scientists consider many scenarios of exposure for the purpose of determining the associated health risks. A
selected scenario may be preferred for a given site when information is known about the site and about the behaviour of the chemical
or substance. In most cases modelling involves the use of mathematical equations to inter-relate the factors critical to the process
being studied. These mathematical equations have been developed through studies of factor inter-relationships. Models are used to
predict events expected in the future, or that have occurred in the past, when direct measurements are not feasible. Models can be
used to assist in designing studies to obtain direct measurements of the processes of concern.

Oral

By mouth. Oral exposure refers to exposure by swallowing a material. Also see Ingestion.

Receptor

An individual (person, plant, animal) that could come into contact with hazardous substances.

Remediation / Remedial

Correction or improvement of a problem, such as work that is done to clean up or stop the release of chemicals from a
contaminated site. After investigation of a site, remedial work may include removing soil and/or drums, capping the site or collecting
and treating the contaminated soils and/or fluids.

Risk

Risk, in the context of a human health risk assessment, is the likelihood of injury, disease or death that will be caused by an action or
condition.

Risk Assessment (RA)

A process that estimates the likelihood or chance that people or the environment may experience adverse effects from a
particular series of events or circumstances, such as exposure to chemicals, substances or agents. The four steps of a risk
assessment are:
• problem formulation (also known as hazard identification);
• oxicity/effects assessment;
• exposure assessment; and,
• risk characterization.
Note: Likelihood is a quantitative term related to "probability", "chance" or to "risk".

Risk Characterization

Final phase of the risk assessment, where the exposure and effects/toxicity information are combined to evaluate potential impacts,
and provide a qualitative or quantitative characterization of health risk.

Risk Management

The process of deciding how to reduce or eliminate possible adverse effects on peopleÕ s health and the environment by considering
the risk assessment, engineering factors (i.e., can engineering procedures or equipment do the job, for how long and how well?) and
social, economic and political concerns.

Route of Exposure

The way in which a person or other organism in the natural environment may come in contact with a chemical, substance or agent.
These are typically through inhalation, ingestion, or via dermal absorption. For example, drinking (ingestion) and bathing (skin contact)
are two different routes of exposure to chemicals that may be found in water. See "Exposure."

Threshold

The dose or exposure below which an adverse effect is not expected.

Toxicity

A general term that can refer either to a substanceÕ s toxic potency, or the type(s) of effects that a substance can have (for example,
ocular toxicity refers to effects on the eye; respiratory system toxicity refers to effects on the respiratory system).

Toxicity Assessment

Step in the risk assessment process involving the evaluation of the toxicological properties and effects of a chemical, with special
emphasis on establishment of dose response characteristics.

Toxicity Reference Value (TRV)

A toxicity reference value is an estimate of the dose (in this document, usually a daily dose over a long period of time) of a substance
that is associated with a specific level of risk, or that is considered to be safe. Toxicity reference values are used to evaluate whether
estimated or measured exposures are likely to cause adverse health effects. Toxicity reference values are also used to develop
guidelines and standards, such as drinking water quality guidelines.

United States Environmental
Protection Agency (U.S. EPA)

The federal agency responsible for developing and enforcing regulations to implement environmental laws enacted by Congress. U.S.
EPA is responsible for researching and setting national standards for a variety of environmental programs, and delegates to states and
tribes the responsibility for issuing permits and for monitoring and enforcing compliance.

Variance

Variance is a measure of scatter of data around the average value of the data set. The variance is defined as the square of the standard
deviation for a normally distributed data set.

Weight-of-Evidence (WOE)

An approach to interpretation of scientific information from different lines of investigation. Literally, the taking of evidence from all
disciplines to make a judgment about the cause of an outcome (e.g., taking animal data, human data, chemical and molecular data to
state with confidence that smoking causes cancer of the lung).

World Health Organization
(WHO)

The United Nations agency which works in a variety of ways and with a variety of agencies internationally to attain the highest level of
physical, mental, and social well-being for all people.
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THE FLIN FLON SOILS STUDYSUMMARY REPORT
This Summary and Integration document provides a detailed summary of the results,
conclusions and recommendations of the Flin Flon Soils Study. The complete scientific technical
reports may be viewed at the Flin Flon public library and online at www.flinflonsoilstudy.com
Members of the public are invited to review the Flin Flon Soils Study
reports and submit written questions and comments during the public
comment period: June 18, 2010 to October 15, 2010. The study team and
the TAC will review all comments and respond to these comments in an
appendix to the final report.
By MAIL:
Flin Flon Soils Study - Public Comments
c/o Intrinsik Environmental Sciences Inc.
500-6605 Hurontario Street Mississauga, ON L5T 0A3
By EMAIL:
comments@flinflonsoilsstudy.com
By INTERNET:
www.flinflonsoilsstudy.com (online comment form)
The Flin Flon Soils Study was completed by INTRINSIK Environmental Sciences Inc.

With assistance from:

www.intrinsikscience.com

