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Communities of Interest

 

Site Characterization con’t

• Numerous studies over the past 20 years have indicated 
the presence of elevated levels of metals in soils 
surrounding the HBMS complex

• A strong positive inter-correlation has been noted by 
several sources indicating that these metals share a 
common point of origin

• Manitoba Conservation has completed 4 significant soil-
related studies:
– Soil and blueberry study in 2000
– Forest soil study with sampling in 1998,1999 and 2003
– Home garden produce study in 2002
– Surface soil study in 2006

 

Site Characterization con’t

• Manitoba Conservation surface soil study (2006)
93 sites in Flin Flon; 13 sites in Creighton (each site had 3 
samples)
Samples were collected from the top 2.5 cm and were a 
composite of 20 cores
Publicly accessible lands such as parks, schoolyards, 
boulevards, vacant lots, undeveloped areas, etc.
Results indicated that concentrations of 12 chemicals were 
elevated relative to a reference site
Six chemicals exceeded health-based Federal guidelines

• Arsenic, cadmium, copper, lead, mercury, and selenium
Initiated the start of the HHRA

 

Site Characterization con’t
• The literature review and data gap analysis identified the need 

for additional data collection which was completed in 2008

Residential soil
Drinking water
Supplementary air
Indoor dust
Bioaccessibility (outdoor soil)
Fish, surface water, sediment
Blueberries
Snow
Local food consumption survey

 

Site Characterization con’t

• An initial step of the HHRA was the completion of a 
residential soil sampling study in fall 2007 completed 
by Jacques Whitford

107 samples in West Flin Flon; 141 samples in East Flin 
Flon; 68 in Creighton; 18 in Channing
Samples were a composite of a minimum of 10 cores
Samples were collected from homes on a volunteer basis

 

Identification of Chemicals of Concern 
(COC)
• Identified based on concentrations in soil
• Current air monitoring completed by Manitoba Conservation 

evaluates risks associated with direct emissions
• COC identification process included:

Comparison of maximum concentrations to human health-
based soil guidelines
Consideration of the percentage of samples in excess of 
guideline
Consideration of regional background concentrations
Known association with smelter emissions

• Selection of maximum soil concentrations considered data from 
the Manitoba Conservation Study (2007) and the Residential 
Soil Study (2008)

 

Identification of COC con’t

• Initial comparison indicated the maximum concentration of 11 
elements exceeded the selected guideline

• Three of these elements (chromium, thallium, and zinc) 
exceeded the guideline in less than 1% of samples
– Therefore, not considered to be elevated across the Study Area

• Two of these elements (manganese and iron) are not correlated 
with smelter-related metals and are not in excess of regional 
background levels
– Therefore, presence of elevated levels in soil are not related to 

HBMS complex
• Identified COC are: Arsenic, Cadmium, Copper, Lead, Mercury, 

and Selenium (consistent with those identified in the Manitoba 
Conservation Study)

 

Receptor Identification

• To assess risks for non-carcinogenic endpoints, 
receptors within 5 age categories as recommended 
by Health Canada were considered:

Infant (0 to 6 months)
Toddler (7 months to 4 years)
Child (5 to 11 years)
Adolescent or teen (12 to 19 years)
Adult (20 to 80 years)

• To assess risks for carcinogenic endpoints, a lifetime 
composite receptor was considered

 

Identification of Exposure Pathways 
and Scenarios 

Inhalation exposure pathways
• Direct inhalation of COC in outdoor air
• Direct inhalation of COC in indoor air

Dermal exposure pathways
• Dermal contact with COC in outdoor soil
• Dermal contact with COC in indoor dust
• Dermal contact with COC in surface water

 

Identification of Exposure Pathways 
and Scenarios con’t

Oral exposure pathways

• Ingestion of COC in outdoor soil
• Ingestion of COC in indoor dust
• Ingestion of COC via consumption of home garden vegetables
• Ingestion of COC via consumption of local wild blueberries
• Ingestion of COC via consumption of local fish and wild game
• Ingestion of COC via incidental surface water ingestion while swimming
• Ingestion of COC present in typical market basket items (i.e., groceries)
• Ingestion of COC in drinking water derived from Flin Flon and Creighton 

area water resources
• Ingestion of COC in snow
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Identification of Exposure Pathways 
and Scenarios con’t

• Residential
• Typical Background Residential
• Outdoor Commercial Worker
• Additional Recreational Pathways

 

Identification of Exposure Pathways 
and Scenarios con’t

Residential Scenario
• Receptors of all age categories
• Four communities of interest 
• Community-based exposure pathways (e.g., soil, dust, air, 

local foods)
• Market basket exposure
• Any additional sources of exposure (e.g., mercury in 

dental amalgam)

 

Identification of Exposure Pathways 
and Scenarios con’t
Typical Background Residential Scenario
• Included to allow for comparison of site-related risks to 

background risk levels
• Receptors of all age categories
• Exposure from typical background concentrations of COC 

in environmental media
• Market basket exposure
• Any additional sources of exposure (e.g., mercury in 

dental amalgam)

 

Identification of Exposure Pathways 
and Scenarios con’t
Outdoor Commercial Worker
• Members of the TAC requested that outdoor workers be 

included in the HHRA

• Adults only (10 hrs/day, 5 days/week, 48 weeks/year)

• Exposure to COC in environmental media while working 
outdoors (i.e., soil, air, drinking water) 

• Market basket exposure

• Reflective of a receptor that works but does not live in the 
study area

 

Identification of Exposure Pathways 
and Scenarios con’t

Additional Recreational Pathways

• Exposure to COC in surface water while swimming via
incidental ingestion and dermal contact

• Acute exposure to COC via ingestion of snow (as 
requested by members of the TAC)

 

Derivation of PRGs and PTCs

• Under the residential scenario, risk calculations were derived 
using community-based exposure point concentrations

• Unrealistic to assume that receptors will move randomly 
throughout the community

• Derived Preliminary Remediation Goals (PRGs) or Provisional 
Trigger Concentrations (PTCs) for residential soils

• PRGs and PTCs can then be used to determine on a property-
by-property basis, which properties contain concentrations that 
have the potential to cause unacceptable risks
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Human Health Risk Assessment Flin Flon, Manitoba and 
Creighton, Saskatchewan

•Exposure Assessment

June 23rd and 24th, 2009 

 

Exposure Assessment

• Derivation of Exposure Point Concentrations (EPCs)
• Multi-media exposure estimates
• Spreadsheet-based deterministic calculations 
• Additional assessment using IEUBK model for lead

 

Derivation of EPCs

• EPCs represent the upper 95% confidence interval on the 
arithmetic mean of the data set (95% UCLM) calculated using 
ProUCL software

• ProUCL tests the data set for normality, lognormality, and 
gamma distributions using parametric and non-parametric 
methods to calculate a conservative and stable 95% UCLM

• All data that were less than the method detection limit (MDL) 
were conservatively assumed to be present at the MDL value  

• For some environmental media, EPCs are community-specific 
(i.e., outdoor soil, indoor dust, air, and drinking water)

 

Derivation of EPCs con’t

Outdoor Soil

• For the residential exposure scenario, EPCs are based on the 
results of the residential soil study completed by Jacques 
Whitford

• Data was divided into each of the 4 communities of interest
• Samples from the 0 to 5 cm profile
• Commercial scenario used maximum concentration from the 

Manitoba Conservation and Jacques Whitford soils study
• Use of maximum concentrations reduced the need to derive 

PRGs for commercial land use

 

Derivation of EPCs con’t
Indoor Dust

• Residential indoor dust sampling program provided measured 
concentrations of COC in indoor dust at 15 locations in West Flin 
Flon, 14 locations in East Flin Flon, 8 locations in Creighton, and 1 
location in Channing

• Regression equations were derived to relate indoor dust 
concentrations to outdoor soil concentrations based on co-located 
samples

• Statistically significant relationship between indoor dust and outdoor 
soil was found for arsenic, cadmium, copper, mercury, and selenium

• Regression equations and outdoor soil EPCs were used to derive 
indoor dust EPCs for these COC

• Measured indoor dust data was used to derive EPC for lead

 

Derivation of EPCs con’t

Ambient Air

• Based on data collected from air monitors within different 
communities

• Data from a one-year period during 2007-2008
• Concentrations of COC associated with the PM10 component
• Assumed indoor air was equal to outdoor air

 

Derivation of EPCs con’t
Drinking Water

• Drinking water for Flin Flon and Creighton are taken from 
separate surface water sources

• EPCs were derived for Flin Flon communities and Creighton 
based on data from an ongoing monitoring program completed 
by HBMS and a supplementary study by Jacques Whitford 
(2008)

• Samples were collected from post-treatment locations including 
residents and schools

 

Derivation of EPCs con’t

Home Garden Vegetables

• EPCs are based on the study completed by Manitoba 
Conservation (2002)

• Included 5 different vegetables from 9 locations in Flin Flon
• Concentrations were from washed samples only
• Grouped into “root vegetable” and “other vegetable” categories 

to correspond with recommended ingestion rates recommended 
for Canadian populations

• Assumed residents in each of the 4 COI would consume home 
garden vegetables with the same COC concentrations 
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Derivation of EPCs con’t

Local Fish

• Sampling plan was developed based on the results of a local 
food survey

• Stantec and Manitoba Conservation collected samples in 2008 
from over 160 fish collected from 11 separate lakes

• Selection of EPCs was guided based on the most commonly 
consumed fish species reported within the local survey

• Although a small portion of the population may consume organs, 
EPCs were based on muscle samples only 

 

Derivation of EPCs con’t

Wild Game

• Measured data was not available, therefore, concentrations in 
tissue were predicted for two large mammals (i.e., moose and 
deer) and two upland birds (i.e., grouse and mallard)

• Conservatively assumed all wild game foraged within 15 km of 
the HBMS complex

• Used COC concentrations measured in forest soils, surface 
water, sediments, and vegetation

 

Derivation of EPCs con’t

Other Media

• EPCs for wild blueberries were based on measured samples 
collected from 13 locations at varying distances and direction 
from the smelter complex in August 2008

• EPCs for surface water were the maximum concentration 
measured in 12 lakes sampled in summer 2008

• EPCs for snow were based on the results of a sampling 
program completed in March 2008 from 12 locations in Flin Flon 
and Creighton

 

Derivation of EPCs con’t

Typical Background and Market Basket

• Based on concentrations in environmental media from areas not 
influenced by a direct source of emissions

• Used data from as close to the study area as possible when 
available

• Concentrations in market basket food items were taken from 
databases from Canadian sources

 

Exposure Estimates

• Point-estimate exposures were predicted for receptors for each 
of the 5 age classes as well as the lifetime composite

• Exposures were predicted on a per body weight basis 
(µg/kg/day)

• The contribution to internal dose via the inhalation route was 
combined with oral and dermal exposure to produce a total 
exposure for comparison to the RfD or cancer slope factor 

• For COC where the inhalation exposure limit is based on effects 
on the respiratory tissues, the air EPC was used to represent 
exposure for an inhalation-related exposure and risk

 

Exposure Estimates con’t

Ingestion of Outdoor Soil and Indoor Dust

• Based on recommendations from the TAC and Health Canada, 
it was assumed that during summer (8 months), 100% of the 
daily soil/dust ingested was outdoor soil, and during winter (4 
months), 100% was indoor dust

• Based on recommendations from the TAC and Health Canada, 
only the results of the single-phase bioaccessibility analysis for 
arsenic and lead in outdoor soil were utilized in the HHRA

• Assumed 100% oral bioavailability for cadmium, copper, 
mercury, and selenium in outdoor soil, and all COC in indoor 
dust

 

Exposure Estimates con’t

Consumption of Local Foods

• Based on the results of the local food survey, respondents 
generally indicated that receptors of all age categories consume 
wild blueberries, local fish, and local wild game throughout the 
year

• Consumption rates assumed for wild blueberries were elevated 
but not considered to be unrealistic based on survey response 
and the abundance of local blueberries

• Consumption rates for local fish and wild game were based on 
the frequency of consumption reported by survey respondents 
and a typical adult serving size of 8 oz (adjusted by body weight 
for younger receptors) 

 

IEUBK Model for Lead in Children

• Computer simulation model derived by the U.S. EPA to predict 
childhood lead exposure and retention

• Has the ability to quantify the relationship between environmental lead 
concentrations in different media (e.g., soil, water, air and food) to 
blood lead levels in children of different ages (0 to 84 months)

• Estimates of a likely distribution of blood lead concentrations are 
centered on the geometric mean concentration and can be used to 
calculate the probability that blood lead concentrations in children will 
exceed an acceptable level

• Standard tool for assessing lead in risk assessments

 

IEUBK Model for Lead in Children con’t

• As recommended by the U.S. EPA, peer-reviewed exposure 
parameters and risk characterization assumptions set as default 
values within the IEUBK model were maintained unless 
scientifically defensible site-specific values were available

• This allowed for the prediction of blood lead concentrations that 
were reflective of the unique characteristics of the distribution of 
lead throughout the Flin Flon-Creighton area, while still relying 
on the widely accepted approaches used within the IEUBK 
model

 

IEUBK Model for Lead in Children con’t

• Site-specific parameters used within the IEUBK model were:

Concentrations in outdoor soil, indoor dust, drinking water, 
and outdoor air
Site-specific bioavailability in outdoor soil
Contribution of local foods to total dietary intake (added to 
the recommended dietary intake from market basket foods)

• All other default receptor characteristics, bioavailabilities, and 
exposure assumptions were maintained despite discrepancies 
with values used in the spreadsheet-based exposure 
assessment
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•Hazard Assessment

June 23rd and 24th, 2009  

Development of Toxicity Reference 
Values (TRVs)

• TRVs were obtained from regulatory agencies including 
the Health Canada, U.S. EPA, U.S. Agency for Toxic 
Substances and Disease Registry (ATSDR), California 
Environmental Protection Agency Office of Environmental 
Health Hazard Assessment (Cal EPA OEHHA), the 
Ontario Ministry of the Environment (MOE), U.S. Centers 
for Disease Control (CDC), the European Union (EU), and 
the World Health Organization (WHO)

• A detailed toxicological assessment was conducted for 
each COC, involving identification of mechanism of action 
and relevant toxic endpoints, and determination of 
receptor- and route-specific toxicological criteria

 

TRVs (continued)

• Toxicological profiles based primarily on secondary 
information sources, such as ATSDR toxicological 
profiles and other detailed regulatory agency reviews, 
and supplemented with recent relevant scientific 
literature 

• TRVs selected for acute (1-hour and 24-hour) and 
chronic (lifetime) duration exposures

• Cancer and non-cancer endpoints selected as 
appropriate

• Chronic TRVs well established and accepted for use 
in Risk Assessment; acute TRVs less established

 

Arsenic
• Comprehensive toxicity profiles for arsenic 

have been established by the following 
regulatory agencies: U.S. EPA (1984); U.S. 
EPA IRIS (1993; 1998); Cal EPA (1999; 
2000); WHO (2000); RIVM (2001); ATSDR 
(2007); and, Health Canada (2004a,b; 2006; 
2008). 

Chronic-Cancer (Non-threshold) Effects

Oral 0.0015 
(μg/kg-day)-1 SFo skin cancer Tseng et al., 1968;

Tseng, 1977 EPA, 1998

Inhalation

0.0043 
(μg/m3)-1 IUR*

lung cancer

Higgins et al.,1982; 
Enterline and Marsh, 
1982; Brown and , 

1983a,b; Lee-Feldstein, 
1983

EPA, 19980.015 
(μg/kg-day)-1 SFi

Chronic-Non-cancer (Threshold) Effects

Oral 0.3 µg/kg-
day RfD

hyperpigmentation, 
keratosis, and 

possible vascular 
complications

Tseng et al., 1968;
Tseng, 1977 EPA, 1993

 

Arsenic Slope Factors
• Oral slope factor based on Tiawanese data 

sets
• Many problems with this data set and the 

slope factor derived from this data
– Exposure to arsenic impacted drinking water
– Nutritional status of exposed population poor 

compared to NA population
– Concomitant exposure (food preparation, locally 

grown foods)
• US EPA update on-going
• Complicates assessment since background 

risk often exceed acceptable risk level

 

Cadmium

• Cadmium has been reviewed by Health 
Canada (1986; 2004a; 2008); JECFA 
(1989); WHO (1990; 1992; 2000; 2005); 
U.S. EPA IRIS (1992; 1994); ATSDR 
(1999); Cal EPA (2000, 2005a,b); 
European Commission (2000); RIVM 
(2001); and, MOE (2006, 2008). 

Chronic-Cancer (Non-threshold) Effects

Inhalation 0.0098 
(µg/m3)-1 Unit Risk Detection of lung 

tumours
Takenaka et al., 1983; 

Oldiges et al., 1984
Health , 2004a; 
Health , 2008

Chronic-Non-cancer (Threshold) Effects

Oral 1  µg/kg/day pTDI Renal tubular 
dysfunction

WHO 2001; 2004 based
upon Friberg et al., 1971 Health , 2008

 

Copper

• Copper has been reviewed by Health 
Canada (1990; 1992; 2004a,b; 2008); 
U.S. EPA IRIS (1991); Cal EPA (1999); 
IOM (2000); RIVM (2001); ATSDR 
(2004); and, MOE (2008). 

Chronic-Non-cancer (Threshold) Effects

Oral

90 (0-6 
mo)

90 (7 mo-4 
yrs)

100 (5-
11yrs)

100 (12-19 
yrs)

100 (20+) 
µg/kg-day

UL
Hepatoxicity, 

gastrointestinal 
effects

Pratt et al., 1985; 
O’Donohue, et al., 

1993 
Health , 2008

Inhalation 1.0 µg/m3 TCA
Respiratory and 
immunological 

effects
Not Provided RIVM, 2001

 

Lead

• Comprehensive toxicity profiles for lead have 
been established by the following regulatory 
agencies: JECFA (1987); MOE (1994; 2006; 
2007; 2008); WHO (1995; 2000); CCME 
(1999); RIVM (2001); Cal EPA (2001; 
2005a,b); ATSDR (2007) and U.S. EPA 
(2007a,b; 2008)

Chronic-Non-cancer (Threshold) Effects

Oral 3.6  
µg/kg/day pTDI

Behavioural effects 
and learning 
disabilities in 

children

Based upon the PTWI 
derived by; Ziegler et 
al., 1978 ; Ryu et al.,
1983; JECFA, 1987

Health , 2004a; 
2008

Inhalation
(3 month 
averaging 
time)

0.15 ug/m3 AAQC
Protective of 

children and other 
at-risk populations

-- EPA, 2008
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The Lead TRV and Blood Lead Level
• The current community intervention level for lead is 10 

µg/dL
• There is a large volume of literature which suggests that 

health effects in children and adults occur at 
concentrations lower than this level (e.g., Lanphear et al.
2005; Shih et al., 2006; Bellinger, 2008)

• The 10 µg/dL value is currently under review by Health 
Canada, and it is anticipated that Health Canada will 
reduce the intervention level in the near future

• The Toxicity Reference Value will also likely be lowered 
in the near future 

• While it is anticipated that the level will be lowered, it not 
possible to confirm what the final accepted intervention 
level/TRV will be at this time 

 

Mercury

• Comprehensive toxicity profiles for 
mercury have been previously 
published by JECFA (1972); WHO 
(1978; 1990; 1991; 2000; 2004), Health 
Canada (1979; 2007a,b; 2008); U.S. 
EPA IRIS (1995a,b; 2001); ATSDR 
(1999); Cal EPA (1999); CCME (1999); 
OEHHA (1999); RIVM (2001); and, U.S. 
EPA (2001). 

 

Mercury TRVs
ELEMENTAL MERCURY
Chronic-Non-cancer (Threshold) Effects

Inhalation 0.06 (µg/m3)

TC 
(provisional) 

(mercury 
vapour)

Neurobehavioral 
effects Ngim et al., 1992 Health , 2008

INORGANIC MERCURY
Chronic-Non-cancer (Threshold) Effects

Oral 0.3 
(µg/kg-day) (inorganic, 

ionic)
Kidney effects

Druet et al., 1978; 
Bernaudin et al., 1981; 

Andres, 1984

Health , 2004a, 
2008

Inhalation 1.0 
(µg/m3)

Annual 
average 
guideline 
(inorganic 
vapour)

Objective tremor, 
renal tubular effects 

and non-specific 
symptoms

WHO, 1991; Cardenas et 
al., 1993 WHO, 2000

METHYL  MERCURY
Chronic-Non-cancer (Threshold) Effects

Oral

0.47 (µg/kg-
day) 

(general 
adult 

population) 
and 0.20 

(µg/kg-day) 
(women of 

childbearing 
age, 

children 
(<12 yrs)

pTDI
Neurotoxicity and 

neurodevelopmental 
toxicity

Grandjean et al., 1997; 
Feeley and Lo, 1998

Health , 2007a, 
2008

 

Selenium

• Selenium has been reviewed by U.S. 
EPA IRIS (1991); Health Canada (1992; 
2008); IOM (2000); Cal EPA (2001); 
ATSDR (2003); and, MOE (2005; 2008). 

Chronic-Non-cancer (Threshold) Effects

Oral

<6mo: 5.5; 
7mo-4yrs: 

6.2; 5-11yrs: 
6.3; 12-

19yrs: 6.2; 
20+(70.7kg): 
5.7 g/kg/day

UL Selenosis
Shearer and Hadjimarkos, 

1975; Yang and Zhou, 
1994

Health , 2008

Inhalation 20 µg/m3 Clinical selenosis Yang et al., 1989a Cal EPA, 2001

 

Bioaccessibility Study
• Soil samples collected as part of the Residential Soil Study were 

utilized for the bioaccessibility study.  
• The study was conducted by Dr. Ken Reimer at Royal Military 

College/Queens University
• An in vitro physiologically based extraction test (PBET) 

methodology was utilized
• in vitro extraction consisted of a two-phase protocol (i.e., 

simulating both gastric and intestinal phases of absorption) 
designed to simulate a human receptor

• Protocol developed and vetted through technical committee
• Range finding studies were conducted to consider factors such 

as particle size and dilution ratio
• ONLY gastric phase results for lead and arsenic were utilized in 

the risk assessment
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•Results, Risk Characterization, Uncertainties

June 23rd and 24th, 2009  

HHRA Considerations
• Six chemicals of concern (COC) (arsenic, cadmium, 

copper, lead, mercury, and selenium);
• Four communities of interest (COI) (East Flin Flon, West 

Flin Flon, Creighton, and Channing) as well as a Typical 
Background scenario;

• Five receptor age classes (i.e., infant, toddler, child, teen 
and adult) and a composite lifetime receptor;

• Receptor characteristics characterized by upper bound or 
Reasonable Maximum Exposure (RME) estimates;

• Inhalation, oral and dermal exposure pathways; 
• Short-term (acute) and long-term (chronic) residential 

exposure scenarios, and long-term outdoor worker 
scenario; and,

• A large database of site-specific media concentrations 
characterized by RME concentrations represented by the 
95% upper confidence limit on the mean (95% UCLM). 

 

HHRA Scenarios

• Acute inhalation (1 hour and 24 hour 
durations);

• Acute oral (short-term soil and snow 
exposure events);

• Residential chronic multiple pathways 
(i.e., inhalation, oral and dermal 
exposures); and,

• Commercial/industrial (outdoor worker) 
chronic multiple pathways (i.e., 
inhalation, oral and dermal exposures).

 

Acute Inhalation Risk Estimates
COC Exposure Duration Air Concentration

(µg/m3)
TRV

(µg/m3) CRacute

West Flin Flon

Arsenic
1 hr 0.74 0.19 3.9

24 hrs 0.74 0.3 2.5
Cadmium 24 hrs 0.66 0.25 2.6

Copper
1 hr 4.2 100

0.043

24 hrs 4.2 50
0.085

Lead 24 hrs 2.4 0.5 4.8

Mercury (inorganic)
(inorganic)

1 hr 0.056b 1.8
0.031

24 hrs 0.056b 2.0
0.028

Selenium 24 hrs 0.27b 10
0.027

 

Frequency of 24 hour Exceedances

COI Arsenic Cadmium Copper Lead Mercury Selenium

West Flin Flon
9 of 210 6 of 210 0 of 210 26 of 210 ND ND

Flon and Channing
0 of 57 1 of 57 0 of 57 0 of 57 0 of 57 0 of 57

Creighton
0 of 59 0 of 59 0 of 59 0 of 59 0 of 59 0 of 59

 

Hazard Quotients for Acute Soil 
Exposure for Toddlers

COC
Max Soil 

Concentration
(µg/g)

Estimated
Exposure

(µg/kg-day)

TRV
(µg/kg-day)

(oral exposure 
limit)

HQ

West Flin Flon

Arsenic 237 5.8 5.0 1.2
Cadmium 71 1.7 4.1 0.42
Copper 7,810 190 10 19
Lead 820 20 NA NA
Mercury 971 24 7.0 (inorganic) 3.4
Selenium 286 6.9 NA NA

 
Hazard Quotients for Acute Snow 
Exposure for Toddlers 

COC

Snow 
Concentration

(µg/L)

Estimated
Exposure

(µg/kg-day)

TRV
(µg/kg-

day)
(oral 

exposure 
limit)

HQacute

MAX 95% 
UCLM MAX 95% 

UCLM MAX 95% 
UCLM

Arsenic 147 96 0.15 0.10 5 0.03 0.02

Cadmium 183 113 0.18 0.11 4.1 0.05 0.03

Copper 4940 3000 5.0 3.0 10 0.50 0.30

Lead 732 483 0.74 0.49 3.6 0.21 0.14

Mercury 1.8 1 0.0018 0.0010 7 0.0003 0.0001

Selenium 2.8 2 0.0028 0.0020 6.2 0.0005 0.0003

 

Summary of Assessment Results for 
Non-Cancer Endpoints (Toddler)

COC West Flin
Flon

East Flin
Flon Creighton Channing Typical 

Background

Arsenic 1.6 2.1 1.9 1.7 0.93

Cadmium 0.81 0.88 0.79 0.81 0.58

Copper 0.84 0.93 0.68 0.83 0.58

Lead 0.51 0.64 0.51 0.51 0.21

Inorganic 
mercury 0.44 1.9 0.46 0.41 0.31

Methyl 
mercury 1.8 1.9 1.8 1.8 0.42

Selenium 0.90 0.92 0.90 0.90 0.70
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Predicted Hazard Quotients as a Result 
of Exposure to Arsenic

0

0.5

1

1.5
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East Flin Flon West Flin
Flon

Creighton Channing Typical
Background
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0.0

0.5

1.0

1.5
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2.5

HQ

Soil/Dust Air Market
Basket

Local Foods Drinking
Water

Total 

West Flin Flon East Flin Flon Creighton Channing Typical Background

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

 

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

0.0

0.5

1.0

1.5

2.0

HQ

Soil/Dust Air Market
Basket

Local
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Drinking
Water
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Amalgam
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West Flin Flon East Flin Flon Creighton Channing Typical Background

 

Pathway-Specific Hazard Quotients for a Toddler as 
a Result of Exposure to Methyl Mercury
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Summary of Assessment Results for 
Carcinogenic Endpoints (Lifetime Receptor)

COC West Flin Flon East Flin Flon Creighton Channing

Arsenic 3.0E-04 5.0E-04 1.8E-04 3.1E-04

Cadmium 2.5E-04 6.9E-04 4.5E-05 2.5E-04

 

ILCRs for a Lifetime Composite - Arsenic
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3.0E-04
3.5E-04
4.0E-04
4.5E-04

ILCR

Soil/Dust Air Local
Foods

Drinking
Water

Total 

West Flin Flon East Flin Flon Creighton Channing Background

 

Lead

• The assessment of lead exposure was 
completed using the excel-based HHRA 
exposure model used for all COC as well as the 
U.S. EPA IEUBK model

• Blood lead monitoring data is the most effective 
indication of recent exposure levels to lead 
from all sources 

• Since blood lead data for the Flin Flon area 
was not available, the IEUBK model was used 
as an additional tool as it is widely 
acknowledged as a very effective method of 
assessing risks to young children from 
exposure to lead

 

Pathway-Specific Hazard Quotients for a Toddler as 
a Result of Exposure to Lead
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Blood Lead Concentrations Predicted 
by the IEUBK Model (µg/dL)

Age Categories 
(years) Flon Flon Creighton Channing Typical 

Background

0 to 1 4.8 4.1 4.1 4.1 0.8
1 to 2 5.6 4.8 4.7 4.8 0.7
2 to 3 5.2 4.4 4.4 4.4 0.6
3 to 4 5.0 4.3 4.2 4.3 0.6
4 to 5 4.2 3.6 3.5 3.6 0.5
5 to 6 3.6 3.1 3.0 3.1 0.5
6 to 7 3.2 2.8 2.7 2.8 0.5
Geometric Mean 4.5 3.8 3.8 3.8 0.66
95th Percentile BLL 9.7 8.2 8.2 8.2 1.4
Probability of 
exceeding a BLL of 
5 µg/dL

41% 29% 28% 29% 0%

Probability of 
exceeding a BLL of 
10 µg/dL

4.4% 2.1% 1.9% 2.1% 0%

 

Probability Density of Blood Lead Concentrations 
(µg/dL) in West Flin Flon Children Relative to a 
Blood Lead Level of 10 µg/dL

 
Provisional Trigger Concentrations (PTCs) 
and Soil Risk Management Levels (SRML) 
for Lead (µg/g)

IEUBK Model 
Derived PTC

HHRA Model 
Derived PTC

EPA SRML

Play area Bare soil 
Remainder

370 (protective of 
a 5% probability 
of exceeding a 
BLL of 10 µg/dlL)

570 (protective of 
a blood lead level 

of 10 µg/dL)
400 1,200

 

Sensitivity Analysis for the Assessment of Risks to 
a West Flin Flon Toddler Exposed to Lead as 
Assessed Using  the HHRA Model 
Variable Value Used in HHRA Adjusted Value % Change in Risk 

Level

Indoor Air 
Concentration

100% of Measured 
Outdoor Air 

Concentration

30% of Measured 
Outdoor Air 

Concentration

5.5% decrease in total 
HQ

Outdoor Air 
Concentration 0.34 µg/m3 0.17 µg/m3 (50% 

reduction) 
4.2% decrease in total 

HQ

Local Fish 
Consumption Rate

1.5 local fish meals 
per week

3 local fish meals per 
week

0.79% increase in total 
HQ 

Local Wild Game 
Consumption Rate

1 local wild game meal 
per week

2 local wild game 
meals per week

0.31% increase in total 
HQ

Soil Ingestion Rate 80 mg/day for toddler 100 mg/day  for 
toddler

12% increase in total 
HQ

Bioaccessibility in Soil 58% (single-phase 
analysis)

12% (two-phase 
analysis)

24% decrease in total 
HQ

Bioaccessibility in Soil 58% (single-phase 
analysis) 100% 22% increase in total 

HQ

  
 

 
Presentation 6 - Mr. Elliot Sigal  

Independent Expert Review Panel

Human Health Risk Assessment Flin Flon, Manitoba and 
Creighton, Saskatchewan

•Conclusions and Recommendations

June 23rd and 24th, 2009  

Community Health

• The Community Health Status 
Assessment of Flin Flon and Creighton, 
completed by public health officials from 
Manitoba Health and Healthy Living and 
the Saskatchewan Ministry of Health 
found that the overall health status of 
the Flin Flon area population is as good 
if not better than the provincial averages 
for most of the indicators studied.

 

Arsenic

• Both non-cancer and cancer numerical risk 
estimates for arsenic exceeded standard 
acceptable benchmarks for both 
oral/dermal and inhalation exposures
– Market basket foods were the main contributor 

to non-cancer arsenic-related risks 
– For carcinogenic risks, the inhalation of 

ambient air was the most significant source of 
risk

– The consumption of drinking water and 
exposure to soil/dust also contributed 
significantly to both cancer and non-cancer 
risk estimates

 

Arsenic Weight of Evidence

• The most powerful and persuasive piece of 
evidence in other weight-of-evidence 
evaluations was the urinary arsenic study 
results

• These provide  a comparison urinary arsenic 
levels of an impacted community with those of 
a control community

• It is recommended that a Urinary Arsenic study 
be undertaken for the Flin Flon area, focusing 
on homes in West Flin Flon and Creighton in 
which a significant number of homes included 
within the residential soil sampling program 
contained concentrations of arsenic in excess 
of the PTC
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Cadmium

• Oral/dermal and non-cancer inhalation 
exposures were within acceptable levels

• Concentrations of cadmium in ambient air 
may have the potential to result in an 
unacceptable increase in the risk of 
developing lung cancer

• ILCR for Cadmium are quite elevated and 
consideration should be given to future 
reductions in smelter-related emissions, 
which would have a direct and immediate 
effect on reducing inhalation-related 
exposure and risks

 

Copper

• The estimated HQ values associated with 
copper exposures were less than 1.0 under all 
exposure and receptor scenarios

• Overall, the health risks to Flin Flon-area 
residents associated with exposure to copper 
are within risk levels deemed to be acceptable 
by Health Canada and the CCME

• Risk management measure or soil remediation 
are not considered to be necessary to prevent 
or reduce human health risks associated with 
exposure to copper in residential soils

 

Lead

• Both the HHRA model and the IEUBK model 
predicted average lead related exposure within 
acceptable levels

• A significant number of residential properties in 
West Flin Flon, as well as a few in East Flin
Flon and Creighton, contain concentrations of 
lead in outdoor soil that are above the 
residential PTC protective of a 5% probability of 
exceeding a BLL of 10 μg/dL

• The health benchmarks for lead (10 µg/dL and 
3.6 ug/kg/day) are currently under review by 
regulatory agencies such as Health Canada, 
and it is anticipated that these benchmarks will 
be reduced in the near future

 

Lead Follow-up

• Since a significant percentage of homes in the 
Flin Flon area contain soil concentrations in 
excess of those predicted to be protective of a 
5% probability of exceeding a BLL of 10 µg/dL, 
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

• The blood lead survey should primarily focus 
on children up to the age of 7 years as they are 
the most sensitive to the impaired 
neurobehavioral development associated with 
elevated BLLs

 

Mercury-Inorganic
• With the exception of toddlers in West Flin Flon, all 

exposures were below the acceptable levels 
indicating that adverse effects associated with 
elevated exposure to inorganic mercury are not 
anticipated

• Exposure of the toddler to inorganic mercury, and 
subsequent risk levels, are dominated by 
contributions from soil

• Biomonitoring would be an appropriate option to 
more accurately assess inorganic mercury 
exposure to individuals in West Flin Flon

• For long-term, low level exposures to inorganic 
mercury, measurement through urine samples is 
the preferred medium

 

Mercury-Methyl

• Exposure to methyl mercury was assumed 
to occur via the consumption of fish from 
market basket foods, consumption of local 
fish, consumption of drinking water, and 
inhalation of ambient air

• the primary route of exposure for all 
receptors other than the infant was the 
consumption of local fish

• Based on the assessment results, it is 
recommended that fish consumption 
advisories be considered, particularly for 
sensitive receptors

 

Selenium

• The estimated HQ values associated with 
selenium exposures were less than 1.0 
under all exposure and receptor scenarios

• Overall, the health risks to Flin Flon-area 
residents associated with exposure to 
selenium are expected to be similar to 
those observed in other parts of Canada 
and are within risk levels deemed to be 
acceptable by Health Canada and the 
CCME.

 

Number of Properties with Concentrations of Arsenic in Outdoor Soil in Excess of the PTC of 80 µg/g

Flon Flon Creighton Channing Total
# of Properties 
Sampled 77 66 30 10 183

# of Properties 
>80 µg/g 26 (34%) 0 10 (33%) 0 36 (20%)

Number of Properties with Concentrations of Cadmium in Outdoor Soil in Excess of the Residential Soil 
PRG of 58 µg/g

Flon Flon Creighton Channing Total
# of Properties 
Sampled 77 66 30 10 183

# of Properties 
>80 µg/g 2 (2.6%) 0 0 0 2 (1.1%)

Number of Properties with Concentrations of Lead in Outdoor Soil that Exceed a Residential PTC of 370 
µg/g

Flon Flon Creighton Channing Total
# of Properties 
Sampled 77 66 30 10 183

# of Properties 
>375 µg/g 31 (40%) 2 (3%) 4 (13%) 0 37 (20%)

 



 

                                                           Independent Expert Review Panel (IERP)                                                       C- 16 
Human Health Risk Assessment for Flin Flon, Manitoba and Creighton, Saskatchewan 

 
 

Number of Properties with Concentrations of Mercury in Outdoor Soil in Excess of the 
Residential PTC of 56 µg/g

West Flin
Flon East Flin Flon Creighton Channing Total

# of Properties 
Sampled 77 66 30 10 183

# of Properties 
>46 µg/g 44 (57%) 0 0 0 44 (24%)

Number of Properties with Concentrations of Selenium in Outdoor Soil in Excess of the 
Residential PRG of 170 µg/g

West Flin
Flon East Flin Flon Creighton Channing Total

# of Properties 
Sampled 77 66 30 10 183

# of Properties 
>400 µg/g 1 (1.3%) 0 0 0 1 (0.55%)

Number of Properties with Concentrations of Copper in Outdoor Soil in Excess of the 
Residential Soil PRG of 5,000 µg/g

West Flin
Flon East Flin Flon Creighton Channing Total

# of Properties 
Sampled 77 66 30 10 183

# of Properties 
>5,500 µg/g 5 (6.5%) 0 0 0 5 (2.7%)

 

Recommendations

• The HHRA provides a recommendation for 
a comprehensive biomonitoring program to 
evaluate environmental contaminant 
exposure in children (under 16) in Flin
Flon, Manitoba and Creighton, 
Saskatchewan

• The study will examine urinary arsenic; 
blood lead; and, urinary inorganic mercury 
levels.  

• A study of this nature is recommended for 
the fall of 2009, with results likely available 
in early 2010. 

 

Objectives
• Broadly, the assessment of biomarkers of exposure will 

help refine and validate the HHRA’s exposure estimates of 
COCs associated with elevated levels of risk. 
– What is the current level of internal exposure to arsenic, 

lead, and inorganic mercury in the child population residing 
in or about the contaminated areas of Flin Flon?

– Do Flin Flon Area child residents have higher arsenic, lead, 
and/or inorganic mercury levels than residents living in other 
parts of Canada?

– Based upon the current scientific literature, what are the 
health risks from the levels of arsenic and inorganic mercury 
in urine and lead in blood found in children in the Flin Flon
Area?

– What personal factors are associated with the level of 
measured internal exposure of children in Flin Flon Area 
(e.g., place of residence, place of work, level of COC in soil, 
age, gender, diet, personal habits, etc.)?
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Additional Handouts 



  

Independent Expert Review Panel (IERP)  
Human Health Risk Assessment for Flin Flon, Manitoba and Creighton, Saskatchewan 

 

D-2

 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank. 



 

Independent Expert Review Panel (IERP)  
Human Health Risk Assessment for Flin Flon, Manitoba and Creighton, Saskatchewan 

 

D-3



 

Independent Expert Review Panel (IERP)  
Human Health Risk Assessment for Flin Flon, Manitoba and Creighton, Saskatchewan 

 

D-4

 
 



 

Independent Expert Review Panel (IERP)  
Human Health Risk Assessment for Flin Flon, Manitoba and Creighton, Saskatchewan 

 

D-5

 
 



 

Independent Expert Review Panel (IERP)  
Human Health Risk Assessment for Flin Flon, Manitoba and Creighton, Saskatchewan 

 

D-6

 

 

 

 



 

Independent Expert Review Panel (IERP)  
Human Health Risk Assessment for Flin Flon, Manitoba and Creighton, Saskatchewan 

 

D-7

 

 

 

 

 
 



 

Independent Expert Review Panel (IERP)  
Human Health Risk Assessment for Flin Flon, Manitoba and Creighton, Saskatchewan 

 

D-8

 



 

Independent Expert Review Panel (IERP)  
Human Health Risk Assessment for Flin Flon, Manitoba and Creighton, Saskatchewan 

 

E-1

 
Appendix E 

 
Independent Expert Review Panel (IERP)  

Human Health Risk Assessment for Flin Flon, Manitoba and Creighton, 
Saskatchewan 

 
June 23-24, 2009 

 
 

List of Additional Studies. 
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