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17.0 PUBLIC HEALTH AND SAFETY 

17.1 Introduction 

This section describes the assessment of the public health and safety risks due to the operation 
of the Mildred Lake Extension Project (MLX Project). This assessment of human health 
considers the risks to regional receptors associated with exposures to various environmental 
media including soil, surface water, vegetation, fish, and wild game that may be affected by 
emissions from the MLX Project. Baseline risk conditions that are currently present and potential 
changes to the human health risks associated with the MLX Project are assessed. Additionally, 
the cumulative effects of existing, approved and planned industrial sources in the region are 
examined. 
 
There are several key assumptions made for the human health assessment, namely: 

• air emissions projections and predicted air quality changes due to the MLX Project are 
associated with activities including: construction of a bridge and access roads, tree 
clearing, overburden salvage, opening cut and associated mining activities. 

• receptors are expected to spend 100% of their time at a single location; 

• the most stringent of the toxicological reference values (TRVs) are being used in the 
assessment; and 

• when using baseline analytical data, all non-detect values were used assuming they 
were equal to half of the method detection limit (MDL). 

 

17.1.1 Key Issues 

This assessment assumes that there is a direct relationship between the health of people and 
the health of the surrounding land. This is based on an understanding that the people's health 
and survival is dependent on the surrounding environment and the components including air, 
water, fish, vegetation, and wildlife. Therefore, any changes that may affect the environment 
may have possible implications on human health. 
 
The primary objective of the human health risk assessment (HHRA) was to describe the nature 
and significance of potential risks to humans from the release of chemicals of potential concern 
(COPCs) by the proposed MLX Project. The HHRA evaluated direct and indirect exposures to 
air emissions through multiple exposure pathways (i.e., inhalation of air, soil and dust, ingestion 
of native vegetation, fish, and wild game meat). 
 

17.2 Methods 

The HHRA was based on the prescriptive protocols outlined by Alberta Health and Wellness 
(AHW 2011), Canadian Council of Ministers of the Environment (CCME 1996), Health Canada 
(2010a, 2010b), and US EPA (2005, 1989). Health Canada (2010a) has established a four-step 
paradigm for conducting health-based risk assessments. This paradigm has been adopted by 
Canadian federal and provincial health and environmental agencies. To determine the human 
health risks, a quantitative risk assessment was completed using site-specific conditions. The 
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first step of the risk assessment was to establish the baseline health risks of residents living in 
communities nearest the MLX Project Area before development or operation. With baseline 
risks determined, it will be possible to superimpose the health risks associated with the 
MLX Project and cumulative effects onto the baseline risks. There are three principal 
determinants for a risk to exist (Figure 17.1-1): 

• receptors; 

• contaminants; and 

• exposure pathways. 
 
If any one of these three factors is absent, there is no risk. 
 
The assessment of the social and economic determinants of health is addressed in Volume 2, 
Section 18.0. 
 

17.2.1 Study Areas 

The assessment of human health focused on a regional study area and did not consider a 
specific local study area. 
 

17.2.1.1 Regional Study Area 

The assessment was focused within the air quality regional study area (AQRSA). The AQRSA 
has a north-south extent of 315 km and an east-west extent of 225 km (for a total area of about 
70,875 km2) (Figure 17.2-1). The AQRSA extends from approximately 4 km south of 
Fort Chipewyan to approximately 1 km north of Chard, encloses the major emissions sources in 
the Athabasca oil sands north of Fort McMurray, and extends eastward 50 km into 
Saskatchewan. 
 
The maximum airborne concentrations of substances emitted from the MLX Project are 
expected to occur within a few kilometers of emission sources. Although concentrations will 
generally decrease steadily with distance from the sources, the emitted chemicals may still 
affect potential human receptors further away from the MLX Project. 
 
The AQRSA was also used to assess the potential effects of deposition on water quality and 
soils and their subsequent risk to human health. 
 

17.2.2 Problem Formulation 

The first step of the risk assessment (problem formulation) was to determine whether a 
particular chemical may be emitted by the MLX Project at levels that could pose an 
unacceptable risk to human health. Considerations included the fate and behaviour of the 
chemicals in the environment, the toxicological potency based on various pathways of exposure 
(i.e., air, water, soil, and food), and routes of exposure (i.e., inhalation, ingestion and dermal) to 
the human receptor.  
  



S
:\

G
is

\P
ro

je
c
ts

\C
E

\S
y
n

c
ru

d
e

_
M

L
X

\C
E

0
4

1
8

3
_

M
L

X
_

E
IA

\C
o

re
lD

ra
w

\A
p

p
lic

a
ti
o

n
R

e
p

o
rt

F
ig

u
re

s
\V

o
l 
1
 S

e
c
ti
o

n
 1

7
 -

 P
u

b
lic

 H
e

la
th

 a
n

d
 S

a
fe

ty
 \F

ig
1

7
.0

1
-0

1
 B

E
R

Note: 
Sources: Sy  n crude.

Basis for Environmental Risks

Figure 17.1-1
Fig17.01-01 BER

14-10-27

QA/QC:

KW     IS     EHFA

ANALYST:

MLX Project

May 2014

DATE:

Syncrude

PROVIDED BY:

AMEC

FINAL MAPPING BY:

 

Contaminants 

Exposure Pathways 

Risk 

Receptors 

When contaminants, receptors, and 
pathways are present, 

there is an environmental risk. 



¬«63

¬«881

¬«63

Fort MacKay

Fort McMurray

Fort Chipewyan

Clearw
ater

Lake
Claire

A
th

ab
as

ca
 R

iv
er

Lake
Athabasca

Athabasca River

Pelican Portage

S
askatch

ew
an

A
lb

erta

River

400000 450000 500000 550000 600000

62
00

00
0

62
50

00
0

63
00

00
0

63
50

00
0

64
00

00
0

64
50

00
0

65
00

00
0

Legend
Air Quality RSA

Air Quality LSA

Community

Indian Reserve

Open Water

Watercourse

Road

±

Projection: UTM Zone 12 NAD83
Note: 
Sources: © Department of Natural Resources 
Canada. All rights reserved, GeoBase®,  
Spatial Data Warehouse Ltd., Syncrude.

20 0 20 40

Kilometres
1:1,600,000

P
a

th
: 

S
:\G

is
\P

ro
je

ct
s\

C
E

\S
yn

cr
ud

e_
M

LX
\C

E
04

1
83

_M
LX

_E
IA

\A
rc

G
IS

\A
pp

lic
at

io
nR

ep
or

tF
ig

ur
es

\V
ol

 2
 S

ec
tio

n 
17

 -
 P

ub
lic

 H
ea

lth
 a

nd
 S

af
e

ty
\F

ig
 1

7
.0

2-
0

1 
A

ir
 Q

ua
lit

y 
R

S
A

 L
S

A
.m

xd

Air Quality
Local and Regional Study Areas

Figure 17.2-1

October 2014

Fig 17.02-01 Air Quality RSA LSA
14-10-27

FA

ANALYST: QA/QC:

DATE:

KW     IC     EH

MLX Project

AMEC

PROVIDED BY:

AMEC

FINAL MAPPING BY:



Syncrude Canada Ltd. 
Mildred Lake Extension Project 
Volume 2 – Environmental Impact Assessment 
December 2014 
 
 

 Page 17-5 

In addition, the problem formulation evaluated which exposure pathways were considered 
complete from the source of risk leading directly or indirectly to sensitive human receptors. 
Incomplete pathways (no exposure route, absence of toxicity, or insufficient dose) were 
excluded from the assessment. For example, if a chemical was considered toxic, the risk may 
remain nonexistent if the concentration of the chemical in the media was low or there was no 
possibility that a receptor can be exposed to the chemical. The problem formulation step 
involved three key elements: 

• Identification of Exposure Pathways: determination of potential routes of exposure, 
taking into account the properties of each chemical, the manner of release, and its 
behaviour in the environment; 

• Chemical Characterization: identification of the primary COPCs emitted from the 
Projects; and 

• Receptor Characterization: identification of persons that may be affected by chemical 
exposures originating from the Project, with special attention directed at sensitive or 
susceptible individuals (e.g., infants and young children, the elderly, individuals with 
compromised health). 

 

17.2.2.1 Site Conceptual Exposure Model 

A Site Conceptual Exposure Model (SCEM) documented the potential contaminant sources, 
release mechanisms, exposure routes and final receptors. The development of the SCEM 
evaluated the potential pathways of concern with the goal of defining incomplete pathways 
(which were eliminated) and complete pathways (which were further evaluated). The SCEM for 
the MLX Project is shown in Figure 17.2-2. The HHRA focused on offsite receptors because 
Occupational Health and Safety legislation (e.g., occupational exposure limits) regulates the 
human health risks for onsite receptors (i.e., workers) (Figure 17.2-3). No human receptors were 
expected to be onsite other than those authorized by Syncrude Canada Ltd. All personnel at the 
MLX Project site will be subject to strict adherence with corporate occupational health and 
safety policies and programs, which are compliant with applicable provincial occupational health 
and safety legislation to protect the worker. 
 

17.2.2.2 Identification of Exposure Pathways 

Exposure pathways refer to the route by which the COPCs can reach the various receptors. 
Pathways can either be direct, in which COPCs can travel directly from the source to the 
receptor, or indirect, in which COPCs are carried through multiple environmental media (e.g., 
air, soil, water, and food) before reaching the human receptor. For example, a chemical 
released into the air can reach a receptor through a direct pathway if it is directly inhaled. 
Alternatively, a COPC may travel through an indirect pathway if it deposits from the air onto the 
soil and consequently enters the food chain due to the uptake by plants and animals that might 
then be ingested by humans.  
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An exposure pathway must be complete to represent a human health risk. A complete exposure 
pathway is comprised of four elements: 

• source and mechanism of chemical release; 

• transport medium or media; 

• point of potential human contact with the contaminated medium; and 

• exposure route at the contact point. 
 
The potential exposure media in the AQRSA were soil, ambient air, surface water, vegetation, 
fish, and wildlife. The MLX Project will emit COPCs into the air, primarily from the combustion of 
diesel fuel used in onsite vehicles and equipment, and fugitive emissions from mining and 
material handling. The emission of such chemicals may affect the regional and local air quality. 
In addition, the deposition of chemicals from the air onto the ground surfaces may affect the 
regional soil and water. Chemicals in the soil could accumulate in plant tissues and move up the 
food chain when the plants are consumed by wild game. The same mechanism applies to 
surface water that may be consumed by wildlife or for fish environment. 
 
Human receptors can potentially be exposed to chemicals in the various environmental media 
by the eight pathways listed in Table 17.2-1 (Health Canada 2010a). 
 

17.2.2.3 Identification of Potential Receptors 

Given the land use of the surrounding region, the potential receptor of concern for the HHRA 
was identified as either a recreational user or a local Aboriginal whose traditional territories are 
located within the study areas of the proposed MLX Project. However, since the traditional 
activities represent an additional source of exposure, it was assumed that the Aboriginal 
receptor would have higher likelihood of exposures, and therefore, warrant greater 
consideration. 
 
For the noncarcinogenic scenario, the critical receptor was considered to be an Aboriginal 
toddler accompanying an adult during traditional hunting or recreational activities within the 
AQRSA of the proposed MLX Project. The Aboriginal adult was considered the critical receptor 
for the carcinogenic scenario. 
 
These assumptions provide the basis of the exposure assessment. Table 17.2-1 has been 
adapted from Health Canada (2010a) and Wilson and Richardson (2013) and provides a 
summary of the characteristics of potential receptors used in the current assessment. For 
dermal exposures, receptors are assumed to be exposed through direct dermal contact with an 
individual’s hands, arms and legs. 
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Table 17.2-1: Exposure Pathways for the MLX Project 

Inhalation of Ambient Air This exposure pathway was considered complete (i.e., the exposure pathway could result 
in exposure to receptors at a point of exposure under a potential exposure case), since it 
was assumed that the emissions from the MLX Project may disperse offsite and receptors 
in the AQRSA will be potentially exposed when the chemicals reach ground-level. 

Ingestion of Surface Water There are currently no potable uses of surface water or groundwater offsite. The City of 
Fort McMurray and the Town of Fort MacKay are serviced by a treated municipal water 
supply that needs to comply with Federal and Provincial drinking water quality standards.  

However, the HHRA assumed humans would consume the local surface water without 
treatment for six months and treated municipal water for the remaining six months. This 
assumption was based on the potential land uses in the area where individuals may be 
consuming surface water while participating in traditional or recreational activities (e.g., 
camping, hunting, and fishing) at various times of the year. The six month exposure 
duration was assumed to be a reasonable balance for an individual living in town while still 
participating in the traditional or recreational activities. Therefore, ingestion of surface water 
was considered a complete exposure pathway.  

Incidental Ingestion of Soil The MLX Project is designed to prevent direct chemical releases onto soils in the areas 
within and surrounding the facilities. The ingestion of soils directly affected by such 
releases would be minimal. However, although the MLX Project will have mitigating 
measures to reduce air emissions, the inadvertent ingestion of surficial soils affected by the 
deposition of chemicals from the air emissions was still considered a potential human 
exposure pathway. There were no exposure control measures for offsite areas in the 
AQRSA, which would limit human exposures via this pathway. This route of exposure was 
therefore, considered a complete pathway. 

Inhalation of Resuspended 
Soil Particles 

Contaminants present in surface soils after deposition from the air may potentially be 
resuspended into the air. People in the area (e.g., recreational users or residents) may be 
exposed to chemicals in the soil as they inhale these resuspended airborne particles. Since 
the land surface of the AQRSA was exposed (e.g., not covered by asphalt or concrete), the 
resuspension of soil particles may likely occur. Therefore, a complete exposure pathway 
may exist. 

Dermal Contact with Soil People within the AQRSA may directly contact surface soil as a consequence of their 
recreational or traditional activities. As the soil particles adhere to the skin, chemicals in the 
particles may be absorbed through the skin. People may then be exposed to the chemicals 
present in the soil by this complete exposure pathway. 

Ingestion of Vegetation Aboriginal people engage in the harvesting of native vegetation (e.g., blueberries, Labrador 
tea) in the AQRSA. Chemicals deposited in the soil from MLX Project air emissions may 
accumulate in plant tissues. Therefore, people may be exposed to these chemicals when 
they consume the harvested vegetation. Therefore, the ingestion of vegetation was 
considered a complete exposure pathway and required further assessment. 

Ingestion of Fish The MLX Project is not expected to adversely affect surface water quality through surface 
water runoff or other onsite releases (Volume 2, Section 8.0). As such, the MLX Project is 
not expected to change fish tissue quality in the aquatics local study area (Volume 2, 
Section 9.0). 

Most of the MLX Project-related COPCs have a high volatility and or low solubility, and, are 
unlikely to accumulate in nearby waterbodies. Concerns about fish consumption in the 
Regional Municipality of Wood Buffalo were related to metals, specifically arsenic (AHW 
2007), which the MLX Project will not emit or release. The MLX Project emissions are 
unlikely to affect fish tissue quality. Regardless, the fish ingestion pathway was included in 
the assessment for chemicals with low vapour pressure and that have the potential to bio-
accumulate in the tissues (e.g., aromatic compounds and polycyclic aromatic hydrocarbons 
(PAHs)). 

Ingestion of Wild Game Hunting for wild game is a common occurrence in the AQRSA, practiced by both Aboriginal 
and non-Aboriginal populations. Wild game could be exposed to chemicals emitted from the 
MLX Project and deposited regionally through ingestion of the soil and water and 
consumption of vegetation and/or soil invertebrates. Chemicals that accumulate in the 
tissues of wild game may then represent a potential source of exposure for people that 
consume wild game. The ingestion of wild game was considered a complete exposure 
pathway. 
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The food ingestion values are consumption values considered from various recent studies and 
surveys on consumption in all of Canada. Health Canada (2010a) recommends that, when 
available, site-specific values should be employed for subsistence users and populations. 
AHW (2007) conducted a First Nations food, nutrition and environment study for the First 
Nations of the Wood Buffalo Region with the active participation of First Nations. The study was 
focused on assessing exposures to arsenic using the traditional diet of First Nations people 
found on the land and waters in the Wood Buffalo Region. Therefore, this study provided site-
specific values for traditional country foods consumption for the First Nations communities.  
 
Table 17.2-2 summarizes the higher consumption of major traditional foods adopted from AHW 
(2007) and used in this HHRA as the consumption rates for the Aboriginal adult receptors. 
Toddler consumption rates were estimated based on the same proportions between adults and 
toddler First Nation receptors consumption presented in Wilson and Richardson (2013). 
 

Table 17.2-2: Summary of Human Health Receptor Characteristics for the MLX Project 

Receptor Characteristic 
Receptor Parameters 

Source 
Toddler Adult 

Age 7 months to 4 years >20 years Health Canada 2010a 

Exposure duration (years) 3.5 60 Based on 80-year lifespan 

Body weight (kg) 16.5 70.7 Wilson and Richardson 2013 

Soil ingestion rate (g/d) 0.04 0.003 Wilson and Richardson 2013 

Surface water ingestion rate (L/d) 0.6 1.5 Wilson and Richardson 2013 

Inhalation rate (m3/d) 8.3 16.6 Health Canada 2010a 

Food Ingestion (g/d) 

Roots and traditional below-ground plants1 1 3 Wilson and Richardson 2013 

Berries 5 23 AHW 2007 

Traditional aboveground plants1 1 3 Wilson and Richardson 2013 

Fish1 85 270 Wilson and Richardson 2013 

Wild Game1 85 270 Wilson and Richardson 2013 

Skin Surface Area (cm2) 

Hands 430 890 Wilson and Richardson 2013 

Arms (upper and lower) 890 2,500 Wilson and Richardson 2013 

Legs (upper and lower) 1,690 5,720 Wilson and Richardson 2013 

Soil Loading to Exposed Skin (mg/cm2) 

Soil adhesion to skin (based on hands) 0.1 0.1 Health Canada 2010a 

Note: 
1 Ingestion rates for Canadian First Nations populations. 

 

17.2.2.4 Characteristics of the Chemicals of Potential Concern 

To evaluate the effects from a human health perspective, it was necessary to consider some 
potentially released substances and their potential effect on human receptors in the vicinity. 
Rather than conduct assessments for all of the potential substances that may be released by 
the MLX Project, emphasis was given to chemicals directly associated with operation of the 
facilities and that have a potential to migrate into the region.   
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The types of substances that may be released include diesel exhaust emissions from heavy 
machinery operation, other emissions, and particulates (i.e., road dust, total particulate matter, 
particulate matter less than PM10 and particulate matter less than PM2.5). Such substances may 
have an effect on human receptors in the vicinity of the AQRSA.  
 
In Volume 3, Appendix L1, predicted emissions from the operation of the MLX Project were 
presented. Particulate emissions (i.e., PM2.5, metals) result from the combustion of fuel and 
vehicle traffic. Emissions such as nitrogen dioxide (NO2), sulphur dioxide (SO2), polycyclic 
aromatic hydrocarbons (PAHs), carbon monoxide (CO), carbon dioxide, benzene, toluene, 
ethylbenzene, xylenes, methane, and volatile organic compounds (VOCs) originate from the 
burning of fossil fuels (e.g., diesel, gasoline, natural gas) in vehicles and equipment. These 
emissions may migrate offsite and have human health implications for potential receptors. 
 
For the evaluation of human health risks, a summary of chemicals typically emitted by open pit 
operations and their predicted emission rates were used as a basis for the assessment of the 
MLX Project. Table 17.2-3 presents all the chemicals that had emission rates above zero, which 
were selected for the assessment. The selection method for determining the COPCs for this 
assessment is presented in Volume 3, Appendix L1. All the TRVs used for the screening and for 
the assessment of the COPCs are presented in Volume 3, Appendix L2. 
 

Table 17.2-3: Selected Chemicals of Potential Concern for the MLX Project 

Metals PAHs 
Organics and Sulphur

Compounds 
CACs 

Aluminum (Al) Benzo(a)anthracene 1,3-butadiene CO 

Arsenic (As) Benzo(a)pyrene Aliphatic C5-C8 NO2 

Antimony (Sb) Benzo(b)fluoranthene Aliphatic C17-C34 PM2.5 

Barium (Ba) Benzo(g,h,i)fluoranthene Aromatic C17-C34 SO2 

Cadmium Benzo(g,h,i)perylene Acrolein  

Chromium (Cr) Benzo(k)fluoranthene Formaldehyde  

Copper (Cu) Chrysene Toluene  

Lead (Pb) Dibenz(a,h)anthracene Carbon disulphide  

Manganese (Mn) Fluoranthene   

Molybdenum (Mo) Fluorene   

Nickel (Ni) Indeno(1,2,3-cd)pyrene   

Selenium (Se)    

Silver (Ag)    

Vanadium (V)    

Zinc (Zn)    

Note: 
CAC = criteria air contaminants. 
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17.2.3 Field Methods 

The Terms of Reference (Volume 1, Attachment 1) requires an evaluation of the 
bioaccumulation potential of chemicals in traditional food sources due to changes in air quality 
resulting from MLX Project emissions. In order to address this, a baseline sampling program 
was completed to characterize the concentrations of chemicals in the exposure media (i.e., 
PAHs and metals in vegetation, water, fish, and soil) in the vicinity of the proposed MLX Project 
by collecting samples from across the region. Soil samples were collected from the upper 1 m of 
organic or mineral matter. Surface water samples and fish were collected from the watersheds 
located in areas most frequently used by Aboriginal communities. Soil and vegetation samples 
were collected within the terrestrial local and regional study areas. The results of the different 
media collected (i.e., soil, vegetation, fish, and water) is presented in Volume 3, Appendix L3. 
 

17.2.3.1 Soil and Vegetation 

Sampling programs were conducted in 2011 and 2013 (Volume 2, Sections 10.0 and 13.0). 
Baseline metal and PAH concentrations in traditional plant samples collected within the MLX 
study areas were measured to address public health concerns. Seventeen samples of 
blueberries, five samples of Labrador tea leaves and five samples of cattail roots were collected 
from the MLX Project site and surrounding area. These species were selected to represent 
different plant parts that are consumed by local traditional land users. Because of the diversity 
of vegetation species in the region, it would be impractical to evaluate all of the species. 
Therefore, these collected species were assumed to represent surrogates of similar vegetation 
in the region. The same number of soil samples from the same locations as the vegetation 
sampling was also collected and analysed. The COPC concentration in the soil and the different 
plant species used in the health risk modelling are presented in Volume 3, Appendix L3. 
 

17.2.3.2 Surface Water 

The surface water data used in the baseline assessment is taken from the database provided 
through water quality assessment (Volume 2, Section 8.0). This database includes water quality 
results from numerous sources (e.g., Regional Aquatics Monitoring Program (RAMP), other 
environmental impact assessments (EIAs)) and is used to track changes in the watershed.  
 
Surface water quality data for total metals, PAHs, and total petroleum hydrocarbons were 
compiled and the 95th upper confidence limit of detected concentrations of chemicals was used 
for the Baseline Case assessment (Volume 3, Appendix L4). In situations where the COPC was 
not analyzed in the surface water, the results of the water quality modelling from air deposition 
were used instead. The COPC concentration in the surface water used in the health risk 
modelling are presented in Volume 3, Appendix L3.  
 

17.2.3.3 Fish Tissue 

Fish sampling within the aquatics local study area was conducted using angling, backpack 
electrofishing, gill netting, minnow trapping, and seine netting to document fish species utilizing 
the habitat during the open-water season (Volume 2, Section 9.0). Sampling methods used 
were determined based on site conditions at the time of survey.   
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Three sampling events were completed on September 2011, July 2012 and August 2013. All 
fish captured were identified to species and enumerated. Length (mm) and weight (g) were 
measured for each fish captured. When possible, the life stage, sex and maturity of the fish 
were identified.  
 
The objective of the program was to collect tissue from readily available large-bodied and forage 
fish species. Sampling required lethal dissections and tissue analysis. Sport fish were targeted 
for the sampling of large-bodied fish and retained if sufficient numbers of the appropriate size of 
the fish species were captured. Northern pike (Esox lucius), walleye (Sander vitreus) and white 
sucker (Catostomus commersoni) were used for the large-bodied fish samples.  
 
At each of the large-bodied fish sample sites, 10 fish of a given species were collected. Fish 
were chosen on the basis of size, with the criteria being:  

• all fish must be of a similar size, and  

• all fish should be at least 300 mm in length.  
 
These criteria were set to ensure adult fish were selected and age variability was minimized to 
allow direct comparisons. 
 
Each fish was then dissected, removing appropriate muscle tissues for analysis using 
procedures outlined in RAMP (2012). Samples removed for metals and organics testing were 
packaged appropriately and immediately placed on dry ice. All samples were labelled and kept 
frozen until received by ALS Laboratories. Samples were processed individually. 
 
A summary table of the metals and organic concentrations in fish tissue for the human health 
assessments is provided in Volume 3, Appendix L3. 
 

17.2.4 Exposure Assessment 

Exposure assessment is the process of estimating the exposure of a human receptor to a 
substance under a specific exposure scenario. An exposure assessment was conducted for 
each COPC identified in the problem formulation. Exposures were estimated based on 
predicted annual average concentrations. The acute and chronic air inhalation exposure 
pathway was evaluated by directly comparing predicted annual average concentrations to the 
appropriate TRV. 
 

17.2.4.1 Exposure Point Concentrations 

Air dispersion modelling determined the ground-level ambient air concentrations for each of the 
COPCs. These concentrations were predicted at 48 locations specified in Volume 3, 
Appendix L4 and the maximum point of impingement (MPOI) in the AQRSA.  
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These exposure point concentrations were predicted for three assessment cases: 

• Baseline Case – existing conditions and approved developments (i.e., these are the 
conditions that exist prior to the Application Case). The assessment assumed that all 
current and approved facilities were operating at their maximum approved levels. As a 
consequence, the assessment was conservative in nature; 

• Application Case – this describes the Baseline conditions plus the effects from the 
MLX Project. The Application Case represents the potential effect on the airshed 
assuming maximum production from the MLX Project; and 

• Planned Development Case – describes the environmental conditions that would exist 
as a result of the interaction of the MLX Project, other existing projects and other 
planned projects. Predictions of the potential cumulative effects on air quality were made 
on the assumption that all existing and approved projects would be operating 
simultaneously at maximum capacity. Therefore, the confidence level of the results for 
the Planned Development Case was lower than the previous two cases, but it was likely 
that the assessed emissions in this case remained conservative relative to the actual 
future development. 

 

17.2.4.2 Estimated Daily Intakes 

Based on the predicted exposure point concentrations for the soil, native vegetation, water, fish, 
and wildlife (Volume 3, Appendix L3), estimated daily intakes for the toddler (noncarcinogen) 
and adult (carcinogen) receptors were derived. The estimated daily intakes for each of the 
COPCs are presented in Volume 3, Appendix L5. Details regarding the derivation of these 
estimated daily intakes are also presented in Volume 3, Appendix L6. 
 

17.2.5 Analysis Methods 

The final step in the risk assessment is risk characterization, which integrates the end products 
from the exposure and toxicity assessments to generate an actual risk quantity. 
 
For noncarcinogenic substances, this involves a comparison between the predicted total 
summed COPC exposures from all relevant exposure pathways and the TRV. This comparison 
is defined as the Hazard Quotient (HQ). 
 
For inhalation exposures, the HQ (or noncarcinogenic risk estimate) was calculated as follows: 

Hazard Quotient = 
Exposure Point Concentrations 

Toxicological Reference Value 

 
The exposure point concentration is the predicted ground-level ambient air concentration at the 
receptor location (Volume 2, Section 4.0). The TRV is the appropriate inhalation acute or 
chronic reference value (Section 17.4.3). The reference value selected corresponds to the 
averaging time of the predicted air concentration. If the predicted concentration was an annual 
average, the TRV would be the inhalation chronic value. If the predicted concentration was a 
1-hour maximum, then the acute 1-hour TRV was used.  
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Alternatively, for the ingestion and dermal contact exposure pathways, the HQ was calculated 
by the following: 

Hazard Quotient = 
Estimated Daily Intake 

Toxicological Reference Value 

 
If the total exposure is less than or equal to the TRV, then the HQ value would be less than or 
equal to 1.0 and no adverse health effects would be predicted. 
 
If the HQ was greater than 1.0, it may indicate some potential risk, but the importance of this 
risk must be evaluated in light of the degree of conservatism incorporated in the health risk 
assessment.  
 
For carcinogenic emissions, the risk estimate, i.e., incremental lifetime cancer risk (ILCR) was 
determined for inhalation exposures by the following equation: 

ILCR = Exposure Point Concentration x Toxicological Reference Value 
 
The exposure point concentration is the predicted ground-level ambient air concentration based 
on the annual average at the receptor location. The TRV is the inhalation unit risk. 
 
An alternative estimate for carcinogenic assessment for the ingestion and dermal exposure 
pathways would be calculated as follows: 

ILCR = Estimated Daily Intake x Toxicological Reference Value 
 
The estimated daily intake is the total chemical exposures via the ingestion or dermal routes. 
The TRV would be the cancer slope factor for that particular carcinogen. 
 
US EPA (1989) considered acceptable cancer risks to be in the range of 10-4 to 10-6. An ILCR 
estimate of 10-4 indicated a 1-in-10,000 (or 0.01%) risk of contracting cancer from chronic 
exposure to a certain substance, while a cancer risk of 10-6 indicated a 1-in-1,000,000 (or 
0.0001%) risk. AHW (2011) and Health Canada (2010a) developed the soil and groundwater 
guidelines based on an acceptable cancer risk of 10-5. Therefore, an ILCR greater than 10-5 (i.e., 
1-in-100,000 or 0.001% risk) were considered a possible concern in this assessment. 
 

17.2.6 Assessment Criteria 

EIAs typically use descriptors to qualify the potential effects of the project. These descriptors 
include direction, magnitude, geographic extent, and duration/frequency. In the environmental 
health risk estimates, these descriptors are inherently incorporated in the fate/transport and 
exposure modelling. 
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Direction is considered part of the risk assessment process to evaluate the potential negative 
health effects. In the HHRA component, the risks for noncarcinogenic and carcinogenic effects 
are determined. In the ecological risk assessment component, the risks to adverse effects on 
ecological populations due to the exposure to the COPCs are determined. These effects are all 
considered negative. 
 
The HQ defines the magnitude of the risk, as a proportion of a tolerable dose/concentration, 
while the ILCR indicates the magnitude of the incidental increase in the cancer rate.  
 
Geographic extent is addressed by the definition of the various receptor locations in the regional 
study area and determination of locations, which have higher risk estimates than others. The 
dispersion modelling of the air emissions from the MLX Project defines the extent of the 
potential effects following exposure. 
 
Duration and frequency are included in the calculations of exposure as these are exposure 
terms in the mathematical models (see Volume 3, Appendix L2). The duration and frequency of 
exposure in the HHRA component use the 1-hour maximum, 24-hour maximum, or annual 
average modelled concentrations, and their corresponding tolerable concentrations. Also, the 
HHRA considered both acute (i.e., less than 24 hours) and chronic (i.e., lifetime) exposures in 
the evaluation.  
 
Effects on environmental health from short-term exposures (acute) are generally considered to 
be resolved once exposure stops. For these short-term exposures, the receptor may experience 
an adverse health effect (e.g., eye irritation) for the duration of the exposure. However, when 
the exposure has ended, the environment effect would resolve itself (e.g., eyes no longer 
irritated). The potential health risks from acute exposures can be decreased further by reducing 
or limiting the ambient air COPC concentrations. 
 
The health risks associated with long-term or chronic exposures, including cancer health risks, 
are considered to be permanent. 
 

17.3 Existing Conditions 

The health status in the North Zone (formerly Northern Lights Health Region) representing the 
communities of Fort McMurray, Fort MacKay, Fort Chipewyan, and Conklin is described. Since 
the health of an individual is a function of myriad factors (e.g., lifestyle, genetics, environmental), 
caution should be exercised in developing conclusions regarding the health status of the people 
in the health region based solely on the information provided.  
 
The general population characteristics of the North Zone compared with Alberta as a whole is 
presented in Table 17.3-1. The population in the North Zone consists of a lower proportion of 
individuals less than 65 years of age, a higher Aboriginal population, lower immigrant 
population, and higher rural population. 
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Table 17.3-1: Population Characteristics in Alberta and the North Zone 

Characteristics North Zone Alberta 

2011 Population 417,000 3,645,000 

% Population Age 65+ 8.5 9.6 

Dependency Ratio1 58.1 52.8 

Aboriginal Population 16.7% 6.2% 

Immigrant Population 7.0% 18.1% 

Rural Population 43% 16.9% 

Notes: 
1 Dependency ratio is the ratio of the combined population aged 0 to 19 years and 65+ to the 

population age 20 to 64 years; values are presented as number of dependents for every 
100 people in working age population. 

Source: Canadian Institute for Health Information (2014). 

 
Indicators of public health for the North Zone and for Alberta are shown in Table 17.3-2. The 
health indicators represent the status of activities or behaviours of people that will influence the 
health of an individual. Some of these indicators are reflective of mental health issues (e.g., 
perception, stress) while others are lifestyle choices (e.g., smoking, physical activity). 
 
Similarly, as another indicator of the current health status, Table 17.3-3 shows the incidence of 
chronic illnesses in the population. The proportion of these health outcomes is similar in the 
health region as within the province.  
 
The incidence of various cancers in the North Zone for intervals 2001/2003, through 2005/2007 
was lower than in Alberta (Table 17.3-4). The lower incidence was apparent when the sexes 
were considered collectively and individually. But in the subsequent three year averages, the 
trend in Alberta is towards lower cancer incidence while the North Zone stayed the same. 
 
Infant and perinatal (stillbirths and early neonatal deaths) mortality rates for North Zone are 
higher when compared with those for the province (Table 17.3-5). Perinatal mortality rates in the 
North Zone also are higher for the overall sexes and males. However, for females, the perinatal 
mortality rates appear to be similar in both the health region and province. 
 
Life expectancies for people in the North Zone are similar to the province (Table 17.3-6). The 
normal life expectancy in 2005/2007 for an individual in the North Zone at birth is 80 years for 
males and 85.9 years for females. This compares to 78.1 years and 82.9 years for males and 
females, respectively in Alberta. 
 
Circulatory and malignant neoplasms are the primary causes of mortality in both Alberta and the 
North Zone (Table 17.3-7). The rates are lower in the health region when compared to the 
province based on absolute numbers, but when factoring in the age, the health region had 
generally higher rates of mortality than the province. This can be attributed to the younger 
population in the North Zone compared to the rest of the province. 
  



Syncrude Canada Ltd. 
Mildred Lake Extension Project 
Volume 2 – Environmental Impact Assessment 
December 2014 
 
 

 Page 17-18 

Table 17.3-2: Health Indicators of Alberta and the North Zone 

Health Indicators Geography 
2009 2010 2011 2012 2013 

% of Population 
Body mass index, self-reported, adult (18 years and over), 
overweight or obese 

Alberta 55.1 51.6 52.2 53.1 54.6 
North Zone 64.4 61.6 59.7 64.4 63.7 

Body mass index, self-reported, youth (12 to 17 years 
old), overweight or obese 

Alberta 22.8 18.6 19.7 23.1 15.8 
North Zone 39.8 25.5 25.4 31.1 14.3 

Breastfeeding initiation Alberta 92.4 89.5 93.3 91.3 95.1 
North Zone 80.4 86.5 88.4 86.9 85.4 

Chronic obstructive pulmonary disease Alberta 3.3 3.4 3.7 3.6 4.1 
North Zone 3.3 3.2 7.3 4.1 3.9 

Contact with a medical doctor in the past 12 months Alberta 77.6 79.9 n/a 75.7 76.7 
North Zone 75.7 77.5 n/a 74.6 74.6 

Current smoker, daily or occasional Alberta 23.3 22.7 21.7 21.6 20.3 
North Zone 28.5 28.0 28.8 28.1 26.6 

Exclusive breastfeeding, at least six months Alberta 29.7 29.6 27.1 27.8 33.0 
North Zone 30.9 28.0 26.0 24.8 25.7 

Exposure to second-hand smoke at home Alberta 5.8 5.8 5.2 4.6 3.8 
North Zone 9.6 8.5 9.9 8.6 4.6 

Exposure to second-hand smoke in the past month, in 
vehicles and/or public places 

Alberta 15.3 14.5 16.8 18.5 16.2 
North Zone 16.2 17.1 16.9 19.4 19.7 

Fruit and vegetable consumption, five times or more per 
day 

Alberta 42.7 40.7 41.7 37.6 42.1 
North Zone 36.6 39.5 36.1 34.7 40.9 

Functional health, good to full Alberta 80.6 81.9 n/a n/a 79.0 
North Zone 79.2 79.2 n/a n/a 76.1 

Has a regular medical doctor Alberta 80.6 78.8 79.7 81.3 80.0 
North Zone 76.6 74.4 75.8 74.9 72.7 

Heavy drinking Alberta n/a n/a n/a n/a 20.5 
North Zone n/a n/a n/a n/a 22.8 

Influenza immunization, less than one year ago Alberta 30.8 29.1 31.2 27.8 28.5 
North Zone 25.9 27.7 28.5 22.0 23.7 

Injuries in the past 12 months causing limitation of normal 
activities 

Alberta 16.6 17.0 17.6 18.9 16.9 
North Zone 17.5 15.8 15.4 18.3 18.5 

Life satisfaction, satisfied or very satisfied Alberta 91.3 90.9 92.4 92.8 91.9 
North Zone 89.7 91.0 89.3 94.4 94.1 

Mood disorder Alberta 6.8 7.4 6.6 7.8 7.1 
North Zone 6.3 6.2 6.3 9.1 7.4 

Pain or discomfort by severity, moderate or severe Alberta 11.5 11.1 11.8 12.7 13.0 
North Zone 12.5 14.5 14.3 18.2 14.8 

Pain or discomfort that prevents activities Alberta 12.2 11.5 12.4 15.0 14.5 
North Zone 12.2 14.6 15.5 17.6 17.8 

Participation and activity limitation, sometimes or often Alberta 28.0 27.9 n/a 31.1 33.3 
North Zone 25.5 32.3 n/a 34.3 33.2 

Perceived health, fair or poor Alberta 10.7 10.2 11.3 10.6 9.7 
North Zone 12.1 14.7 12.4 12.5 12.7 

Perceived health, very good or excellent Alberta 61.4 62.0 62.0 62.3 61.9 
North Zone 56 55.5 54.2 55.7 56.5 

Perceived life stress, quite a lot (15 years and over) Alberta 22.5 22.1 25.0 23.0 21.1 
North Zone 23.9 20.1 23.3 21.0 19.9 

Perceived mental health, fair or poor Alberta 4.7 4.7 5.1 5.3 5.8 
North Zone 5.5 7.1 5.1 4.3 6.8 

Perceived mental health, very good or excellent Alberta 73.8 73.7 74.4 71.5 72.4 
North Zone 75.9 71.5 69.7 68.8 70.8 

Physical activity during leisure-time, inactive Alberta 43.5 44.1 44.6 45.3 43.1 
North Zone 47.8 45.5 45.3 48.6 43.7 

Physical activity during leisure-time, moderately active or 
active 

Alberta 56.5 55.9 55.4 54.7 56.9 
North Zone 52.2 54.5 54.7 51.4 56.3 

Sense of belonging to local community, somewhat strong 
or very strong 

Alberta 65.2 62.4 63.8 64.8 63.6 
North Zone 70.5 67.0 70.5 69.1 66.4 

Wears a helmet when riding a bicycle, always Alberta 48.3 46.6 51.7 47.9 49.7 
North Zone 33.8 30.1 41.1 30.7 33.1 

Notes: 
n/a = Not available. 
Source: Canadian Institute for Health Information (2014).  
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Table 17.3-3: Chronic Illness Incidence in Alberta and the North Zone 

Health Indicators Geography 
2009 2010 2011 2012 2013

% of Population 

Arthritis Alberta 15.0 15.3 14.4 14.9 15.6 

North Zone 13.9 19.5 16.0 18.6 19.6 

Asthma Alberta 8.5 9.5 9.0 7.8 8.8 

North Zone 8.1 8.2 7.9 6.3 6.9 

Diabetes Alberta 4.8 5.4 4.7 6.1 5.3 

North Zone 4.3 4.9 5.3 6.8 6.0 

High blood pressure Alberta 14.6 15.1 14.8 16.2 15.1 

North Zone 14.0 15.5 16.1 18.2 18.0 

Source: Canadian Institute for Health Information (2014). 
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Table 17.3-4: Cancer Incidence, by Selected Sites of Cancer and Sex, 
Three-year Average, Alberta and North Zone (2011 Boundaries), Occasional 

(Age-Standardized Rate per 100,000 Population) 

Region1 Sex Selected Sites of Cancer2,3 
2001/
2003 

2002/
2004 

2003/ 
2005 

2004/ 
2006 

2005/
2007 

Alberta  Both sexes All invasive primary cancer sites 
(including in-situ bladder)4 

417.0 412.9 405.2 399.7 394.8 

Both sexes Colon, rectum and rectosigmoid 
junction cancer 

46.8 46.9 47.1 46.6 46.1 

Both sexes Bronchus and lung cancer 52.1 52.3 51.9 51.3 50.9 
Males All invasive primary cancer sites 

(including in-situ bladder)4 
490.3 478.9 468.9 458.9 451.2 

Males Colon, rectum and rectosigmoid 
junction cancer 

58.1 58.1 57.5 57.0 55.7 

Males Bronchus and lung cancer 63.3 62.6 61.1 59.5 58.8 
Males Prostate cancer 162.6 149.3 140.6 133.4 128.1 
Females All invasive primary cancer sites 

(including in-situ bladder)4 
360.9 363.0 356.3 354.3 351.8 

Females Colon, rectum and rectosigmoid 
junction cancer 

37.4 37.5 38.1 37.6 37.5 

Females Bronchus and lung cancer 43.6 44.6 45.0 45.3 45.1 
Females Female breast cancer5 103.5 103.9 98.7 97.0 95.6 

North 
Zone 

Both sexes All invasive primary cancer sites 
(including in-situ bladder)4 

408.1 415.5 401.7 405.9 404.9 

Both sexes Colon, rectum and rectosigmoid 
junction cancer 

48.0 52.8 49.7 49.1 46.9 

Both sexes Bronchus and lung cancer 51.6 54.1 55.5 57.1 59.0 
Males All invasive primary cancer sites 

(including in-situ bladder)4 
468.3 467.8 446.5 441.9 440.4 

Males Colon, rectum and rectosigmoid 
junction cancer 

56.2 58.7 53.8 52.8 54.3 

Males Bronchus and lung cancer 60.6 63.5 63.9 62.2 64.6 
Males Prostate cancer 155.9 147.3 138.3 130.9 127.3 
Females All invasive primary cancer sites 

(including in-situ bladder)4 
353.4 368.5 362.4 374.2 374.1 

Females Colon, rectum and rectosigmoid 
junction cancer 

39.3 46.8 45.6 45.0 39.3 

Females Bronchus and lung cancer 44.4 46.5 48.9 52.6 54.0 
Females Female breast cancer5 97.3 96.3 90.7 97.9 100.0 

Notes: 
1 Health regions are administrative areas defined by provincial ministries of health according to provincial legislation. 

The health regions presented in this table are based on boundaries and names in effect as of October 2011. For 
complete Canadian coverage, each northern territory represents a health region. 

2 Cancer incidence rates are age-standardized using the direct method and the 1991 Canadian Census population 
structure. The use of a standard population results in more meaningful incidence rate comparisons, because it 
adjusts for variations in population age distributions over time and across geographic areas. Rates in this table are 
based on three consecutive years of cancer incidence data, which were summed and divided by three times the 
population estimate of the middle year of the three-year period.  

3 The confidence intervals for the age-standardized cancer incidence rates were produced using the method found in 
the following reference: Fay and Feuer 1997.  

4 Excluding morphology types M-9050 to M-9055; M-9140; M-9590 to M-9989. 
5 Rates for breast cancer (International Classification of Diseases for Oncology, Third Edition (ICD-O-3) codes C50.0 

to C50.9) were calculated for females only. 
Source: Statistics Canada (2014a).  
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Table 17.3-5: Infant and Perinatal Mortality, by Sex, Three-year Average, 
Alberta and North Zone and Peer Groups, Occasional 

Geography1 Sex 
Infant or Perinatal 

Mortality2 
2000/2002 2005/2007 

Alberta Both sexes Infant mortality3 6.3 5.5 
Both sexes Perinatal mortality4 6.7 6.3 
Males Infant mortality3 7.0 5.9 
Males Perinatal mortality4 7.2 6.6 
Females Infant mortality3 5.6 5.1 
Females Perinatal mortality4 6.1 6.0 

North Zone Both sexes Infant mortality3 8.3 4.7 
Both sexes Perinatal mortality4 8.5 7.1 
Males Infant mortality3 10.1 n/a 
Males Perinatal mortality4 11.1 6.4 
Females Infant mortality3 6.3 n/a 
Females Perinatal mortality4 5.7 7.9 

Notes: 
1  The CANSIM table 102-4305 is an update of CANSIM table 102-0207. Perinatal mortality, by sex, three-year 

average, Canada, provinces, territories, health regions and peer groups, occasional. 
2 Stillbirths are defined here as gestational age of 28 or more weeks. Stillbirths with unknown gestational age are 

excluded. 
3 Infant mortality corresponds to the death of a child under one year of age. Expressed as a rate per 1,000 live birth  
4  Perinatal mortality is the total number of stillbirths and early neonatal deaths (deaths in the first week of life). 
n/a = Not available. 
Source: Statistics Canada (2014b). 
 

Table 17.3-6: Life Expectancy, Abridged Life Table, by Age Group and Sex, 
Three-year Average for Alberta, North Zone and Peer Groups, Occasional (Years)1,2,3,4,5 

Region Age Group Sex 2000/2002 2005/2007 2006/2008 2007/2009
Alberta  At birth Both sexes 79.6 80.5 80.6 80.7 

At birth Males 77.1 78.1 78.3 78.5 
At birth Females 82.1 82.9 83.0 83.0 
At age 65 Both sexes 19.3 20.0 20.1 20.2 
At age 65 Males 17.4 18.3 18.4 18.5 
At age 65 Females 20.9 21.5 21.6 21.6 

North Zone At birth Both sexes 79.6 82.7 n/a n/a 
At birth Males 77.2 80.0 n/a n/a 
At birth Females 82.3 85.9 n/a n/a 
At age 65 Both sexes 19.6 21.5 n/a n/a 
At age 65 Males 17.9 18.9 n/a n/a 
At age 65 Females 21.3 24.7 n/a n/a 

Notes: 
1 Life expectancy is the number of years a person would be expected to live, starting from birth (for life expectancy at 

birth) and similarly for other age groups, if the age- and sex-specific mortality rates for a given observation period 
(such as a calendar year) were held constant over the estimated life span.  

2 Life expectancy is calculated with Greville's method for abridged life tables. 
3 Rates used in this table for the calculation of life expectancy are calculated with data that exclude: births to mothers 

not resident in Canada; births to mothers resident in Canada, province or territory of residence unknown; deaths of 
non-residents of Canada; deaths of residents of Canada whose province or territory of residence was unknown; 
deaths for which age or sex of decedent was unknown. 

4 Rates used in this table for the calculation of life expectancy are based on data tabulated by place of residence. 
5 The CANSIM table 102-4307 is an update of CANSIM table 102-0218. 
n/a = Not available. 
Source: Statistics Canada (2014c).  
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Table 17.3-7: Mortality, by Selected Cause of Death and Sex, 
Three-year Average, Alberta, North Zone and Peer Groups, Occasional 

Selected Causes of Death1,2,3,4,5,6 
Alberta North Zone

2000/2002 2005/2007 2000/2002 2005/2007

Both Sexes 

Total, all causes of death 571.5 555.3 266.8 212.4 

All malignant neoplasms (cancers) 156.9 154.6 68.3 49.6 

Colorectal cancer 14.3 15.2 3.6 5.2 

Lung cancer 37.3 37.6 19.7 15.7 

Breast cancer 12.5 11.3 7.2 x 

Prostate cancer 11.1 9.9 x 3.0 

Circulatory diseases 211.5 179.6 66.2 53.5 

Ischaemic heart diseases 120.1 102.1 34.1 32.2 

Cerebrovascular diseases 41.8 33.4 12.9 8.7 

All other circulatory diseases 49.6 44.1 19.1 12.6 

Respiratory diseases (excluding infectious and 
parasitic diseases) 

43.1 49.0 21.2 18.3 

Pneumonia and influenza 9.5 12.9 n/a n/a 

Bronchitis, emphysema and asthma 3.1 2.3 n/a n/a 

All other respiratory diseases 30.5 33.8 10.9 11.3 

Unintentional injuries 29.9 25.9 36.7 29.2 

Suicides and self-inflicted injuries 14.1 11.6 9.8 10.4 

Human immunodeficiency virus 0.9 0.8 n/a n/a 

Males 

Total, all causes of death 593.4 576.2 308.6 243.1 

All malignant neoplasms (cancers) 164.5 162.3 69.6 52.7 

Colorectal cancer 15.5 16.3 n/a 4.1 

Lung cancer 41.6 40.6 22.5 17.0 

Prostate cancer 21.9 19.5 n/a 5.7 

Circulatory diseases 210.0 181.1 77.4 62.4 

Ischaemic heart diseases 133.1 115.3 49.0 41.3 

Cerebrovascular diseases 34.3 28.0 9.8 n/a 

All other circulatory diseases 42.6 37.8 18.6 n/a 

Respiratory diseases (excluding infectious and 
parasitic diseases) 

46.9 51.0 26.5 20.3 

Pneumonia and influenza 9.3 12.3 n/a n/a 

Bronchitis, emphysema and asthma 3.5 2.6 n/a n/a 

All other respiratory diseases 34.1 36.1 12.7 n/a 

Unintentional injuries 40.6 34.2 50.0 40.5 

Suicides and self-inflicted injuries 21.4 16.7 13.7 14.6 

Human immunodeficiency virus 1.4 1.2 n/a n/a 

Females 

Total, all causes of death 549.2 533.8 220.1 176.9 

All malignant neoplasms (cancers) 149.2 146.7 66.8 46.1 

Colorectal cancer 13.1 14.0 n/a 6.6 



Syncrude Canada Ltd. 
Mildred Lake Extension Project 
Volume 2 – Environmental Impact Assessment 
December 2014 
 
 

 Page 17-23 

Selected Causes of Death1,2,3,4,5,6 
Alberta North Zone

2000/2002 2005/2007 2000/2002 2005/2007

Lung cancer 32.9 34.5 16.4 14.1 

Breast cancer 25.4 23.0 15.3 x 

Circulatory diseases 213.1 178.0 53.7 43.3 

Ischaemic heart diseases 106.9 88.4 17.5 21.6 

Cerebrovascular diseases 49.5 39.0 16.4 x 

All other circulatory diseases 56.7 50.6 19.7 x 

Respiratory diseases (excluding infectious and 
parasitic diseases) 

39.2 46.9 15.3 16.0 

Pneumonia and influenza 9.7 13.4 n/a n/a 

Bronchitis, emphysema and asthma 2.7 1.9 n/a n/a 

All other respiratory diseases 26.8 31.5 8.8 n/a 

Unintentional injuries 19.0 17.3 21.9 16.0 

Suicides and self-inflicted injuries 6.5 6.3 5.5 5.6 

Human immunodeficiency virus 0.4 0.5 n/a n/a 

Notes: 
1 Rates in this table are based on three consecutive years of death data, summed and divided by three. The average 

number is then divided by the population estimate of the middle year. The reference period associated with these 
data reflects the mid-point of the three-year period. 

2 Rates are age-standardized using the direct method and the 1991 Canadian Census population structure. All rates 
are per 100,000 population. The use of a standard population results in more meaningful mortality rate 
comparisons because it adjusts for variations in population age distributions over time and across geographic 
areas. Rates in this table exclude: deaths of non-residents of Canada, deaths of residents of Canada whose 
province or territory of residence was unknown, deaths for which age of decedent was unknown. 

3  Rates in this table are based on place of residence for indicators derived from death events. 
4  Missing data on sex of the deceased were imputed based on death registration number. 
5  Some age-standardized rates were suppressed (F) due to both a very small underlying count plus extremely high 

variability. 
6  External causes of unintentional injuries include transport accidents, falls, poisoning, drowning and fires, but not 

complications of medical and surgical care. 
n/a = Not available. 
Source: Statistics Canada (2014d). Table 102-4309, an update of Table 102-0303. 
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17.4 Assessment 

Health effects are divided into two main groups; the inhalation effect group and the multi-
pathways effects group. Risk estimates were segregated into: 

• acute and chronic inhalation exposures; and 

• chronic multimedia exposure. 
 
The acute and chronic risk estimates presented in Volume 3, Appendix L7 are in scientific 
notation as many of the calculated numerical values are well below 1.0. The discussion of the 
results focuses on those risk estimates that exceeded 1.0 (presented in bold and underline in 
the tables) as these could signify potential health risks. Where risk estimates did not exceed 1.0 
(i.e., where the predicted exposures were less than the exposure limits), the predicted risk 
values are presented in the tables but were not discussed further. 
 

17.4.1 Inhalation Exposure 

The HQ values due to the inhalation exposures for each of the COPCs, locations and 
assessment cases are presented in Volume 3, Appendix L7.  
 

17.4.1.1 Criteria Air Contaminants 

For the assessment of the criteria air contaminants (CACs) (i.e., CO, NO2, PM2.5, and SO2), the 
HQ values were determined for the Baseline, Application (i.e., Project plus Baseline Case), and 
Planned Development cases. 
 
According to AENV (2009), the maximum hourly and 24-hour concentrations should be used to 
assess air modelling results. These concentrations were, therefore, used to determine the HQ 
values for CAC exposures. The summary of inhalation risks, resulting from exposures to the 
CACs, is presented in Table 17.4-1. 
 
The HQ values for CO do not exceed 1.0. The HQ values range from 0.0053 for the highest 
1-hour CO concentration at the TC14 location in the Baseline and Application cases to 0.76 at 
the MPOI for all three cases. MLX emissions resulted in negligible increases in the HQ values 
from the Baseline Case to the Application Case. 
 
For acute exposures to NO2, negligible increases in HQ values occur in the Application Case 
compared to the Baseline Case for all NO2 concentrations i.e., 1-hour and annual average. 
 
With respect to annual PM2.5 exposures, the HQ values for the Application Case are not higher 
than the Baseline Case. Exceedances of the criterion of 1.0 are noted in the annual exposure at 
one location for the Application Case (i.e., MPOI). However, the MLX Project exposures did not 
contribute to the exceedances as the HQ values are already higher than 1.0 for the Baseline 
Case. Exceedances are noted at more locations for the 24-hour exposure scenario with 
38 locations. Here again, the MLX exposures did not contribute to the exceedances as the HQ 
values are also higher than 1.0 for the Baseline Case.  
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Table 17.4-1: MLX Inhalation Risk Summary 

COPCs 
Exposure 
Duration 

Cases Above Criteria Highest 
HQ 

Number of Locations 
Exceeding Criteria Baseline Application PDC

CO 1 hr N N N 0.76 0 

NO2 1 hr Y Y Y 8.3 24 

Annual Y Y Y 5.2 11 

PM2.5 24 hr Y Y Y 9 38 

Annual Y Y Y 5.4 1 

SO2 10 min Y Y Y 6.1 12 

1 hr Y Y Y 4.1 4 

24 hr Y Y Y 1.7 1 

Annual Y Y Y 1.8 1 

1.3-Butadiene Annual Y Y Y 195 7 

Aldehydes Annual Y Y Y 6.5 1 

Acrolein 1 hr Y Y Y 20 12 

Annual Y Y Y 182 40 

Aluminium Annual N N N 0.0072 0 

Antimony Annual N N N 0.011 0 

Arsenic 1 hr Y Y Y 31 48 (all) 

Annual N N N 0.037 0 

Barium Annual N N N 0.031 0 

Benzene Annual Y Y Y 146 7 

C5-C8 Aliphatics Annual Y Y Y 36 1 

C9-C16 Aliphatics Annual N N N 0.00089 0 

Cadmium 1 hr Y Y Y 11 7 

Carbon Disulfide Annual Y Y Y 55 1 

Chromium 1 hr N Y Y 3.3 2 

Annual N N N 0.0012 0 

Copper 1 hr N Y Y 6.7 2 

Annual N N N 0.65 0 

Formaldehyde Annual Y Y Y 8 1 

Hexane Annual Y Y Y 1.6 1 

Manganese 1 hr Y Y Y 4.9 2 

Annual N N N 0.032 0 

Nickel 1 hr N N N 0.36 0 

Toluene 1 hr Y Y Y 6 1 

24 hr Y Y Y 14 1 

Annual Y Y Y 9.7 1 

Notes: 
PDC = Planned Development Case. 
Bold and underlined values – HQ values greater than 1. 
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For acute exposures to SO2, the HQ values at one location are exceeding 1.0, for the 24-hour 
exposure, four locations for 1-hour exposures, and 12 locations for the 10-minute exposure 
scenarios. For all acute exposure duration (10 min, 1-hour and 24-hour), there is no difference 
between Baseline, Application or Planned Development Case. 
 
The HQ for annual SO2 exposure, which is based on the AAAQO of 20 μg/m3 for the annual 
averaging period, are predicted to be greater than 1.0 at the MPOI only, with a chronic HQ value 
of 1.8 in all three cases. At the other locations (where no exceedances of the AAQO are 
predicted), HQ are predicted to range from 0.08 at location FMT1 to 0.44 at location TC30. 
 

Organics 

The HQ for annual 1,3-butadiene exposures are predicted to be greater than 1.0 at seven 
locations, with a maximum HQ of 195 in all three cases at the MPOI. At the other locations 
below 1.0, HQ values are predicted to range from 0.022 to 0.9 with only marginal increases from 
Baseline Case to Application Case. This indicates that the incremental changes in HQs 
associated with the MLX emissions will have very little to no effect on the health risks 
associated with chronic exposure to 1,3-butadiene at all locations except the MPOI. 
 
Where the predicted HQ values for acute exposure to acrolein exceed, they do in all three 
cases. The HQ values range from 0.056 for the lowest 1-hour acrolein concentration at the 
TC14 location in the Baseline and Application cases to 20 at the MPOI for all three cases. MLX 
emissions resulted in negligible increases in the HQ values from the Baseline Case. For the 
chronic exposure (annual), only seven locations did not present risk above one. However, for all 
locations, there were no increases from Baseline Case to Application Case, suggesting that the 
MLX Project itself will have no effect on the receptors health in regard to acrolein exposure. 
 
The predicted benzene air concentrations resulted in HQ above 1 at seven different locations. 
Aside from the MPOI, with an HQ of 146, the other six locations range from 1.4 to 2.8. At all 
locations, whether there is an exceedance or not, there are no increases from baseline to 
application. 
 
The annual HQ for C5-C8 aliphatics were predicted to be above 1 at only one location (MPOI), 
with a value of 36. All other locations the HQ range from 0.0039 at FMT1 to 0.49 at TC30. For 
the aliphatic carbon range C9-C16, HQ was well below 1 at all locations and for all three 
scenarios. 
 
The annual exposure scenario to carbon disulfide yielded one location (MPOI) exceeding 
1.0 with a maximum HQ value of 55. All other locations were well below 1, with values for the 
Application Case ranging from 0.0011 at location FMT1 to 0.36 at location BL. 
 
All the other organic COPCs (aldehydes, formaldehyde, toluene), follow the same pattern as 
1,3-butadiene and carbon disulphide, in that they only exceed the criteria at the MPOI. Given 
that the MPOI is not a fixed location, it is unlikely that any receptor would be exposed to the 
maximum concentration on a chronic basis and therefore, exposure to these chemicals is 
unlikely to result in adverse health effects.  
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Metals 

For the acute exposure (i.e., 1 hour), arsenic, chromium, copper and manganese are exceeding 
the guideline of 1. However, there is virtually no difference between Baseline Case and 
Application Case. 
 
No metals were exceeding 1.0 at any location for chronic exposure for all three cases. 
 

Chemical Mixtures 

Chemical exposures do not usually occur independently, as such, the potential health effects 
associated with mixtures of COPCs were assessed in accordance with guidance from Health 
Canada (2010a). Additive interactions may apply to chemicals, that behave toxicologically 
through similar mechanisms or that affect the same target endpoint in biological systems (i.e., 
common effect) (Health Canada 2010a). 
 
The critical endpoints of the exposure limits used in the assessment provided the basis for an 
individual chemical’s inclusion in a chemical mixture. For example, the acute inhalation 
exposure limit for acrolein is based on its potential to cause respiratory irritation in the nasal 
tract. Acute exposure to copper was found to affect the same target organ; therefore, both 
chemicals were included in the acute inhalation upper respiratory tract irritants.  
 
Table 17.4-2 present the HQ for the potential interaction between the COPC emitted by the 
MLX Project, sharing a common toxicological endpoint following acute exposure. 
 

Table 17.4-2: MLX Total Hazard Quotient from Acute Inhalation Exposure 

Toxicological Endpoint 
COPC 

Included 

Cases Above Criteria
Highest 

HQ 

Number of 
Locations 
Exceeding 

Criteria 
Baseline Application PDC 

Upper Respiratory Tract Irritant Acrolein, As, Cu Y Y Y 20 12 

Lower Respiratory Tract Irritant Cr, NO2, SO2 Y Y Y 12 36 

Notes: 
PDC = Planned Development Case. 
Bold and underlined values – HQ values greater than 1. 

 
It is assumed that there could potentially be an additive interaction among the respiratory 
irritants (Health Canada 2010a). The HQs for the individual acute respiratory irritants were, 
therefore, summed to calculate the HQs for the mixture.  
 
For the upper respiratory tract irritants, the majority of the risk is attributed to acrolein, which 
makes up for more than 99% of the total HQ in the Application Case. 
 
For the lower respiratory tract irritants, NO2 and SO2 are responsible for 66% and 33%, 
respectively, of the total risk at the MPOI, which together is more than 99%. 
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Table 17.4-3 presents the HQ for the potential interaction between the COPC emitted by the 
MLX Project, sharing a common toxicological endpoint following chronic exposure. 
 

Table 17.4-3: MLX Total Hazard Quotient from Chronic Inhalation Exposure 

Toxicological 
Endpoint 

Chemical 
Included 

Cases Above Criteria
Highest 

HQ 

Number of 
Locations 
Exceeding 

Criteria 
Baseline Application PDC 

Upper Respiratory Tract 
Irritant 

Acrolein, Cr, 
Aldehydes, 

Formaldehyde 
Y Y Y 130 41 

Lower Respiratory Tract 
Irritant 

As, Ba, Ni, Sb N N N 0.081 0 

Neurotoxicity 
Al, C5-C8 Aliphatics, 
CS2, Hexane, Mn 

Y Y Y 45 1 

Notes: 
PDC = Planned Development Case. 
Bold and underlined values – HQ values greater than 1. 

 
For the chronic inhalation exposure, there is the potential for additive interaction among the 
respiratory irritants (Health Canada 2010a). The HQs for the individual chronic respiratory 
irritants were, therefore, summed to calculate the HQs for the mixture.  
 
For the upper respiratory tract irritants, the almost the entirety of the risk is attributed to acrolein, 
which makes up for more than 99% of the total HQ in all three cases. 
 
For the lower respiratory tract irritants, the additive effects were found to be below 1 for all 
receptor locations. 
 
The chemicals forming the neurotoxicant group resulted in HQ exceeding 1 only at the MPOI. 
C5-C8 aliphatics and CS2 form 39% and 60%, respectively, of the total risk at the MPOI in the 
Application Case. The proportions are essentially the same in the Baseline Case. 
 

17.4.2 Multimedia Exposure 

17.4.2.1 Noncarcinogenic Risks 

The predicted HQ values for exposures to the various environmental media are presented in 
Table 17.4-4. Five COPCs (aluminium, antimony, arsenic, copper, and molybdenum) were 
predicted to have HQ values that exceed 0.2, and were exceeding the criterion for all receptor 
locations in all three cases. For arsenic, the primary contributor to the risk is the ingestion of 
plants roots exposure pathway, accounting for as much as 77% of the total HQ at the MPOI 
(i.e., HQroot = 3.1 compared to total HQ = 4.0). 
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Table 17.4-4: MLX Summary of Multimedia Exposure Noncarcinogenic Risks Estimates 

COPCs 

Above Criteria in all
Three Cases 

Number of 
Locations 
Exceeding 

Criteria 

Highest 
HQ 

Main Exposure 
Pathway 

Baseline Application PDC 

Benzo(ghi)perylene N N N 0 0.034 Berries Ingestion 

C17-C34 Aliphatic N N N 0 0.094 Water Dermal 

C17-C34 Aromatic N N N 0 0.017 Water Dermal 

Fluorene N N N 0 0.0027 Berries Ingestion 

Fluoranthene N N N 0 0.0043 Berries Ingestion 

Aluminium Y Y Y 48 (all) 0.38 Plant Root ingestion 

Antimony Y Y Y 48 (all) 0.52 Berries Ingestion 

Arsenic Y Y Y 17 0.8 Plant Root ingestion 

Cadmium N N N 0 0.012 Plant Root ingestion 

Chromium N N N 0 0.041 Air Inhalation 

Copper Y Y Y 6 0.035 Air Inhalation 

Molybdenum Y Y Y 10 0.054 Surface water ingestion

Nickel N N N 0 0.092 Fish Ingestion 

Selenium N N N 0 0.0064 Berries ingestion 

Vanadium N N N 0 0.037 Fish Ingestion 

Zinc N N N 0 0.034 Berries Ingestion 

Notes: 
PDC = Planned Development Case. 
Bold and underlined values – HQ values greater than 0.2. 

 
For aluminum, the root ingestion pathway contributes 90% of the total risk. In the case of 
antimony, berry ingestion is the most significant pathway with 57% of the risk. Exposure to 
arsenic is mainly through root plant ingestion with 67% of the risk coming from this pathway. 
Aluminium, antimony and arsenic were the only metals exceeding the criteria of 1 for the non-
carcinogenic risks. 
 
Copper has two primary contributing pathways, depending on the location. For the MPOI, air 
inhalation is the main contributor with 59% risk in the Application Case, while for all other 
locations, the moose ingestion is the main contributor at approximately 40%. Molybdenum’s 
main contributing pathway is surface water ingestion, which account for between 70% and 92% 
of the risk depending on the location. Primary exposure pathway for nickel and vanadium is fish 
ingestion, while it’s berries ingestion for selenium and zinc. 
 
Although the plant ingestion exposure pathway is the primary contributor to the risk for 
aluminium, arsenic and antimony, the risks from the MLX Project are negligible, since there are 
only small changes in the HQ values between the Baseline, Application and Planned 
Development cases. The incremental change in air concentrations from the MLX Project is not 
expected to adversely affect human health in the AQRSA. 
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Chemical Mixture 

The assessment of potential chemical interactions for the multi-media exposure follows the 
same process as for the inhalation only. Chemicals with similar toxicological endpoint were 
grouped and the sum of their HQs are presented in Table 17.4-5.  
 

Table 17.4-5: Total Hazard Quotient from Multimedia Exposure 

Toxicological 
Endpoint 

COPC Included 

Cases Above Criteria 
Highest 

HQ 

Number of 
Locations 
Exceeding 

Criteria 
Baseline Application PDC 

Blood Mo, Sb, Zn Y Y Y 0.18 0 

Kidney C17-C34 Aromatics, Cd N N N 0.012 0 

Liver 
C17-C34 aliphatics, Cr, 

Fluoranthene, Fluorene, Se 
Y Y Y 0.23 48 (all) 

Skin As, V Y Y Y 0.8 48 (all) 

Notes: 
PDC = Planned Development Case. 
Bold and underlined values – HQ values greater than 0.2. 

 
For hematoxic chemicals (molybdenum, antimony and zinc), the baseline HQ for all locations is 
0.18 and is due to antimony in the berries and in surface water, the main contributing pathways. 
All locations only see a small increase from the Baseline Case to Application Case, suggesting 
that the MLX Project has a negligible effect on the overall risk. 
 
The group with renal endpoint (kidney) does not exceed the criteria of 0.2 at any locations for all 
three scenarios (Baseline, Application and Planned Development cases). 
 
The hepatotoxic group (C17-C34 aliphatics, chromium, fluoranthene, fluorene, and selenium), 
exceeds the criteria by a small margin and that difference is even smaller for locations other 
than the MPOI. For most locations, there is virtually no increase in risk from the Baseline Case 
to Application Case. The overall weight of evidence suggests that the likelihood of adverse 
chronic liver effects occurring in relation to exposure to the COPC is low. 
 
For the last endpoint associated with an exceedance of the criteria (skin), almost the entirety of 
the risk is attributed to arsenic, which makes up for more than 99% of the total HQ in all three 
cases. 
 
Assuming the potential interaction between different chemicals is fully additive may lead to 
overestimation of the total risks. The scientific knowledge regarding chemical interactions is 
limited and recent studies by the European Commission (2012) showed that the potential and 
type of interactions between chemicals may vary according to the magnitude of the exposure: 

“Interactions … usually occur at medium or high dose levels (relative to the 
lowest effect levels). At low exposure levels they are either unlikely to occur or 
toxicologically insignificant. According to Boobis et al. (2011), “low dose” is  
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defined as at or near or below doses that do not cause statistically significant 
affects in experimental studies, such as NOALs, NOECs or benchmark dose 
levels.” 

 
So for example, the predicted exposures to the individual chemicals forming the hepatotoxic 
group are all below the criteria (based on no observed effect levels) that are associated with no 
significant adverse effects occurring in study populations. An additive interaction of these three 
COPCs is unlikely to occur within the liver. 
 

Special Consideration: Lead 

Due to recent changes in regulatory guidance, lead, unlike any other COPC, is no longer 
considered to be a threshold toxic chemical. Health Canada (2011) and other jurisdictions 
(Cal EPA 2009; WHO 2009) currently support the concept that lead and lead compounds are 
non-threshold substances. Evaluation of lead toxicity and risks based on exposure limits is no 
longer recommended by these agencies. The current scientific evidence suggests that 
previously published exposure limits may not adequately reflect the actual risk related to lead 
exposure. 
 
An alternate method has been developed by the US EPA (2010), which use a physiologically 
based pharmacokinetic (PBPK) model to predict the blood lead level (BLL) in infants and 
children. This approach quantifies an individual’s multi-media exposures (i.e., air, soil, water, 
food) and provides a science-based estimate of the BLL per decilitre (dL) of blood. As per prior 
toxicological assessments, lead is still considered a neurotoxicant (i.e., cognitive and 
neuromotor impairment). The weight of evidence indicates that the BLL is the most accurate 
indicator of such effect. An increment of 1 µg/dL of lead in the bloodstream has been 
established to be associated with a decrease of 1 point of Intellectual Quotient (IQ) (Health 
Canada 2011). This reduction in IQ is meant to be applied on a population basis rather than on 
an individual since it is difficult to demonstrate such a small change on a single person (Wilson 
and Richardson 2013). The increment of 1 µg/dL has been selected as the criterion not to 
exceed for this assessment in accordance with the methods suggested by Health Canada 
(2011) and Cal EPA (2007). 
 
The PBPK model selected for this assessment is the Integrated Exposure Uptake Biokinetic 
(IEUBK) Model for Lead in Children (IEUBKwinv1.1 Build 11; US EPA 2010). Table 17.4-6 
presents the results of the modelling. 
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Table 17.4-6: MLX Estimated Blood Lead Level for Infant and 
Children using PBPK Modelling 

Scenario 
Age 
(yr) 

Air 
(µg/day) 

Diet 
(µg/day) 

Water 
(µg/day) 

Soil and 
Dust 

(µg/day) 

Total 
(µg/day) 

Blood Lead 
Level 

(µg/dL) 
Baseline 0.5 to 1 0.007 1.324 0.032 0.0001 1.3631 0.8 

1 to 2 0.022 1.32 0.079 0.061 1.482 0.7 
2 to 3 0.024 1.483 0.082 0.062 1.651 0.6 
3 to 4 0.025 1.46 0.084 0.062 1.631 0.6 
4 to 5 0.025 1.438 0.087 0.062 1.612 0.5 
5 to 6 0.045 1.522 0.092 0.036 1.695 0.5 
6 to 7 0.045 1.679 0.094 0.036 1.854 0.5 

Application 0.5 to 1 0.008 1.324 0.032 0.0001 1.3641 0.8 
1 to 2 0.024 1.32 0.081 0.061 1.486 0.7 
2 to 3 0.026 1.483 0.084 0.062 1.655 0.6 
3 to 4 0.028 1.46 0.084 0.062 1.634 0.6 
4 to 5 0.028 1.438 0.087 0.062 1.615 0.5 
5 to 6 0.047 1.522 0.092 0.036 1.697 0.5 
6 to 7 0.047 1.679 0.094 0.036 1.856 0.5 

PDC 0.5 to 1 0.008 1.324 0.032 0.0001 1.3641 0.8 
1 to 2 0.024 1.32 0.081 0.061 1.486 0.7 
2 to 3 0.026 1.483 0.084 0.062 1.655 0.6 
3 to 4 0.028 1.46 0.084 0.062 1.634 0.6 
4 to 5 0.028 1.438 0.087 0.062 1.615 0.5 
5 to 6 0.047 1.522 0.092 0.036 1.697 0.5 
6 to 7 0.047 1.679 0.094 0.036 1.856 0.5 

 
The predicted BLL for all three cases is between 0.5 μg/dL for children and 0.8 μg/dL for infants. 
The predicted BLLs of the potential increase in lead exposures associated with the MLX Project 
are not different from Baseline to Application or Planned Development Case. The predicted 
BLLs from lead exposures in air, soil, water, and country food is below the criterion of 1 µg/dL, 
and therefore, no adverse health effects are likely to occur due to these exposures. 
 

17.4.2.2 Carcinogenic Risks 

The total carcinogenic PAHs include all the individual PAHs listed in Table 17.4-7. Tables 17.4-8 
and 17.4-9 present the ILCR values for exposures to carcinogenic PAHs. Since PAHs are 
assumed to occur in the environment as a mixture, exposures to the mixtures of PAHs should 
be assessed according to the toxic equivalency factor (TEF), in which the exposures to the 
individual carcinogenic PAHs are adjusted by their toxic potency relative to benzo(a)pyrene 
B(a)P. As a result, benzo(a)pyrene acts as a surrogate chemical for all other PAHs present in 
the mixture and assumes the potency of the entire PAH fraction. Details regarding ILCR for all 
receptor locations are located in Volume 3, Appendix L8. 
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Table 17.4-7: Canadian Council of Ministers of the Environment Toxic 
Equivalency Factor for Carcinogenic Polycyclic Aromatic Hydrocarbons 

Carcinogenic PAH Compound TEF 

Benzo(b+j)fluoranthene  0.1 

Benzo[ghi]perylene  0.01 

Chrysene  0.01 

Indeno[1,2,3-c,d]pyrene  0.1 

Benz[a]anthracene  0.1 

Benzo[k]fluoranthene  0.1 

Benzo[a]pyrene  1.0 

Dibenz[a,h]anthracene  1.0 

 
Table 17.4-8: Summary of Multimedia Exposure Carcinogenic Risks 

COPCs 

Above Criteria in all Three Cases Number of 
Locations 
Exceeding 

Criteria 

Highest 
ILCR 

Main Exposure 
Pathway Baseline Application PDC 

Arsenic Y Y Y 64 (all) 8.10E-05 Surface water ingestion 

PAHs Y Y Y 64 (all) 2.60E-04 Lab tea ingestion 

Notes: 
PDC = Planned Development Case. 
Bold and underlined values – HQ values greater than 1x10-5. 

 
Table 17.4-9: Summary of Multimedia Exposure 
Carcinogenic Risks Amortized Over a Lifetime 

COPCs 

Above Criteria in all Three Cases Number of 
Locations 
Exceeding 

Criteria 

Highest 
ILCR-A 

Main Exposure 
Pathway Baseline Application PDC 

Arsenic Y Y Y 64 (all) 1.10E-04 Surface water ingestion 

PAHs Y Y Y 64 (all) 3.50E-04 Lab tea ingestion 

Notes: 
PDC = Planned Development Case. 
Bold and underlined values – HQ values greater than 1x10-5. 

 
In the Baseline, Application and Planned Development cases, all of the receptor locations have 
total ILCR values for carcinogenic PAH exposures greater than 1.0 x 10-5. This is due primarily 
to the plant ingestion pathway, which constitutes 41% (Labrador tea) and 32% (berries) of the 
cancer risk for the adult receptor. However, since all the analytical results for Labrador tea and 
berries were below the detection limit and a surrogate concentration was used (i.e., half the 
MDL), there is uncertainty regarding the assessment, and the risk may be overestimated.  
 
  



Syncrude Canada Ltd. 
Mildred Lake Extension Project 
Volume 2 – Environmental Impact Assessment 
December 2014 
 
 

 Page 17-34 

A similar pattern emerges for the ILCR values for the composite receptor (Table 17.4-9) where 
the Baseline, Application and Planned Development cases have total ILCR values that exceed 
the criterion of 1.0 x 10-5 at all receptor locations. The plant ingestion is the predominant 
exposure pathway in each location, with a total of 72% of the risk emanating from this pathway. 
 

17.4.3 Discussion and Conclusions 

A review of the results for all of the chemicals and the exposure pathways leads to several 
conclusions: 

• in all cases, any risks in the Application and Planned Development cases are also 
present in the Baseline Case, demonstrating that the MLX Project does not contribute 
substantially to the regional risks; 

• the risks for the surface water exposure pathways for carcinogenic PAHs are based on 
the use of a surrogate concentration to represent the non-detectable concentrations in 
the surface water and may be overestimating the risk; and 

• the majority of the exceedances are associated with exposure pathways where baseline 
concentration in the biota tissues are above the recommended daily intake. 

 
Arsenic risks are also a reflection of the conservative nature of the environmental fate-transport 
model that assumes that all the arsenic in the soil and aquatic environment exists as inorganic 
arsenic (i.e., the most toxic form) and not as organic arsenic. This is particularly important for 
the gastrointestinal absorption factor used in the exposure model because organic arsenic tends 
to be less readily absorbed through the gastrointestinal tract than inorganic arsenic. Assuming 
that all the arsenic detected in the fish tissue is inorganic can lead to an important 
overestimation of the amount of arsenic absorbed by the human receptor and hence, the risk. 
Also, the Oak Ridge National Laboratory (RAIS 2014) recently changed the gastrointestinal 
absorption factor for arsenic from 41% to 100%. This new value of 100% has been used in the 
current assessment, but is a very conservative value for absorption. This is especially true when 
considering that studies of oral absorption of arsenic in soil and sediment were found to be 10% 
at the most (Baars et al. 2001). This will overestimate the risks associated with country food 
(plants, wild game and fish) consumption and incidental soil ingestion. 
 
The results indicate that the majority of the estimated daily intake and risks come from the 
ingestion of country foods pathways. The risks were estimated based on conservative statistical 
analyses (i.e., 95th upper confidence limit). This modelling is based on several conservative 
assumptions at each level, which further leads to an ultraconservative assessment. 
 
Similarly, conservative assumptions in the assessment of the carcinogenic PAHs for all three 
cases will result in risk estimates that exceed the criterion through exposure pathways other 
than the country foods diet. For example, the use of the surrogate value for non-detectable 
surface water concentrations of PAHs may be overestimating the risks in Baseline, Application 
and Planned Development cases. 
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The risks for the direct soil exposure routes (i.e., soil inhalation soil ingestion, and soil dermal 
contact) do not exceed the criterion and could not be considered to be a major contribution to 
the unacceptable total risks for exposures to any of the COPCs.  
 
The COPC HQ and ILCR exceedances observed would not likely represent a substantial health 
concern. Emissions related to the MLX Project are not likely to result in increased adverse 
health effects. This is because of several conservative assumptions that include but are not 
limited to: 

• use of maximum emission rates from the MLX Project in the air dispersion modelling; 

• use of worst-case local meteorological conditions as a basis for the air dispersion 
modelling; 

• use of exposures based on continuous 24-hour, 365 days per year for the entire lifetime 
for the offsite receptor; and 

• comparison of maximum ground-level concentrations with criteria based on average 
concentrations. 

 
Substantial uncertainties are identified in the conservative assumptions of this assessment. 
There is also uncertainty associated with the data gaps that exist in the baseline media 
characterization such as surface water, plants, fish and soil, especially for the PAHs, where in 
most instances the chemicals were not detected. The use of half the MDL, can over-estimate 
the actual risk, especially when the data comes from different studies (other EIAs, RAMP, etc.) 
and the MDL varies greatly. 
 
Risks from most noncarcinogen and carcinogen exposures are well within acceptable limits for 
health effects in most of the assessed cases. Where the risk estimates exceeded the 
assessment criteria, they are either marginally higher or are a reflection of the conservative 
nature of the assessment (i.e., risks were overestimated). Also, in most cases, the exceedances 
observed are a reflection of baseline exceedances rather than MLX Project effects.  
 
The results also show that the MLX Project will not contribute measurably to the health risks 
above baseline levels. The risk estimates for the Application Case are typically equal to the 
Baseline Case and slightly below the Planned Development Case. 
 

17.5 Summary 

The results of the HHRA show that for all COPCs, the MLX Project will not contribute 
appreciably to the health risks above current levels. The risk estimates for the Baseline and 
Application cases did not differ measurably and, in most instances, there was no change in the 
risk estimates between the two cases. Where there was an increase in the Application Case risk 
estimates from the Baseline Case, there was no corresponding increase in HQ or ILCR values 
above the criteria of 1.0 or 1x10-5, respectively.  
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Risks due to noncarcinogen and carcinogen exposures, as measured by HQ and ILCR risk 
estimates, respectively, were well within acceptable limits for health effects in most of the 
exposure cases. When Application Case risk estimates exceeded the assessment criteria, they 
also exceeded the criteria in the Baseline Case.  
 
Results from the Planned Development Case indicated that adverse health effects may be 
present in the AQRSA, but these effects are not a result of the MLX Project. 
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