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1.0 INTRODUCTION 
Glacier Power Ltd. (Glacier Power) proposes to develop the Dunvegan Hydroelectric Project (the 
Project) located on the Peace River in Sections 12 and 13, Township 80, Range 5, West of the 6th 
Meridian approximately 2 km west of the Highway 2 bridge crossing at Dunvegan and 
approximately 80 km upstream of the Town of Peace River.  The Project is a low-head, run-of-
river hydroelectric facility with a maximum generating capacity of 100 megawatts.  The Project 
includes the construction, operation, decommissioning and reclamation of the following 
components: 

• Headworks - consisting of a powerhouse with approximately 40 – 2.5 megawatt turbine 
generator units connected side-by-side across the main channel and a crested, gated spillway 
structure to maintain a head differential of six metres between the headpond water level and 
the tailwater; 

• Headpond – a deeper, slower section of river behind the headworks to provide the head 
differential for turbine generator operation, extending from 20 and 26 km upstream 
depending upon river stage; 

• Fish Passage - fish passage structures to facilitate safe upstream and downstream fish 
passage; 

• Boat Lock - to accommodate river traffic; 

• Power Line - a 144 kV transmission line to interconnect with ATCO’s 144 kV line 
approximately 5 km southeast of the Project; 

• Access Roads – permanent roads to access both sides of the facility and river channel; and, 

• Boat Launch – a boat launch facility upstream of the headworks. 
 
The Project powerhouse and spillway portion of the headworks would be located within the 
existing wetted river channel and the headworks abutments, boat lock, upstream passage 
fishways, and boat launch are situated on the banks, outside the present wetted channel. 
 
A qualitative assessment of risks to human health was carried out for the Dunvegan run of river 
hydroelectric project. 
 
As required a quantitative human health risk assessment would be completed to:  

• assess the potential health implications of the compounds that will be released into the 
environment to prevent acute and chronic adverse effects on human health; and, 

• discuss the potential to increase human exposure to contaminants from changes to water 
quality, air quality,  fish quality and the quality of country foods  taking into consideration all 
Project activities. 
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1.1 Scope 
 

The assessment of risk to human health will consider all project components and associated 
activities that have a potential to emit contaminants. The temporal scope of the assessment 
considers the project for both the construction phase and operations phases.  
 
The spatial scope of the assessment will consider human receptors within the vicinity of the 
project including a local resident 1.5km from the project site and traditional users from the 
Duncans’ First Nation.   
 
The local study area (LSA) for the human health risk assessment (HHRA) is the project site. The 
regional study area (RSA) for the HHRA will have the same boundaries as the Traditional Land 
use study. Both the LSA and the RAS are defined in Figure 4.2.2 of the EIA. 
  
For the project effects assessment, temporal boundaries extend over a time period that begins with 
baseline conditions and extends into the project life. Project decommissioning was not evaluated 
as the project life is anticipated to be in excess of 100 years.  For human health, a key indicator 
resource (KIRs), the environmental assessment will consider project effects during construction, 
operations, and decommissioning phases. 
  
Temporal boundaries will be specific to effects identified for each KIR. For example, for human 
health, effects on air quality and health will begin during construction of the access roads and 
reach a peak after inundation and diminish after equilibrium in the methyl mercury cycle has been 
established. 

1.2 Key Issues Identification 
 

Human Health Risk Assessment is an evaluation process used to describe the nature and 
magnitude of risks associated with the exposure of human receptors to potential chemical 
hazards. In order for risk to exist, a chemical or compound must be released, a pathway must exist 
for the chemical to travel to a potential receptor, a pathway must exist for the chemical to be 
absorbed into the human body, a dose must be received, and the chemical must have some 
adverse toxicological effect (i.e., temporary or permanent damage).  
 
Health risks are evaluated therefore for a project only where a receptor (local resident) has 
reasonable exposure to a chemical hazard or chemical of potential concern (CoPC) generated 
from a project activity. Exposure is assessed after consideration of project mitigation and 
management techniques. Scoping of key issues for Dunvegan run of river hydro project was 
therefore based on the review of project activities that could potentially release or emit chemical 
hazards, or cause an increase in contaminant levels and then based on the potential for human 
receptors to be exposed to chemical hazards.  

1.3 Valued Ecosystem Components, Key Indicator 
Resources and Measurable Parameters 

 

The key indicator resource (KIRs) selected for the human health risk assessment was: 
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  Receptor   Exposure 

     Hazard 

RISK 

• Human Health 

Human health was selected as a key indicator resource based on its general importance to 
local residents and its regulatory importance. The assessment of potential human health 
effects is based on human interactions with chemical hazards in the physical environment and 
draws on information from other key indicators and VECs including air quality (criteria air 
contaminants and hazardous air pollutants) and fish tissue (metals).  

Measurable parameters that will be used to assess effects on human health include:  

• metal concentrations of metals in fish (specifically methyl mercury) 

• metal concentrations of CACs and HAPs in air 

2 Methods 

To assess potential project related health effects to human receptors, a screening level human 
health risk assessment was conducted. The assessment of potential effects of chemical exposure 
during project activities involved both qualitative and quantitative parameters. For the 
quantitative analysis, chemical concentrations in air were modeled and compared to regulatory 
guidelines. For the qualitative analysis, exposure through ingestion and dermal contact was 
qualitatively assessed using a screening exercise (i.e., identifying potential sources and pathways 
for exposure) and consideration of mitigation/management techniques. 
 
HHRA is an evaluation process used to describe the nature and magnitude of the risk associated 
with the exposure of human receptors to a potential hazard. A HHRA usually combines 
information on potential receptors with exposure data and identified hazards (i.e., toxicity) to 
determine the relative level of risk resulting from an operation. The key elements of a risk 
assessment are presented schematically below in Figure 1 hazard, receptor, and exposure. If all 
elements are present, there is a potential that a risk could exist; if any one of these components is 
missing, then there would be no anticipated level or risk to receptors.  
 

 

 

 

 

 

 

 
 

Figure 1  Key Elements of Human Health Risk Assessment 
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For the assessment of human health risk associated with the proposed project, standards methods 
for screening level risk assessment were used. The HHRA was conducted using established 
methods for risk assessment, as outlined by Health Canada (HC 2004), the United States 
Environmental Protection Agency (EPA) (USEPA 1991), and the United States National 
Research Council (1996).  
 
The conventional risk assessment framework involves four steps:  

• problem formulation 

• exposure assessment 

• toxicity assessment 

• risk characterization 

 
According to this framework, the risk assessment progresses from a more qualitative initial phase 
(problem formulation), through exposure and toxicity analysis, and culminates in a final 
quantitative risk characterization. Based on the risk characterization, potential project effects on 
receptor health can then be assessed based on the magnitude of the predicted risk, and the degree 
of uncertainty and conservatism in the assessment.  
 
The problem formulation step helps to focus the risk assessment on the chemicals, receptors and 
exposure pathways of greatest concern (i.e., chemicals with the greatest toxic potential, receptors 
with the greatest likelihood of being exposed, and the greatest susceptibilities and exposure 
pathways that account for the majority of exposure to the chemicals emitted). It defines the scope 
and nature of the risk assessment to maintain the HHRA within practical boundaries. Chemicals, 
receptors and exposure pathways of concern are identified, and screened for relevance and need 
for further quantitative analysis.  
 
The exposure assessment step is a quantitative estimation of the amount of a chemical that a 
person may take into their body (referred to as a dose) through all applicable exposure pathways, 
for the current project only inhalation of contaminants in air was assessed. Dose generally 
depends on: 

• the concentration of the contaminant in various media (e.g., air, water, soil and food); 

• the amount of time that receptors may be in contact with these media; and 

• the physiological characteristics of the receptor (e.g., ingestion rates, inhalation rates, 
body weights and dietary preferences). 

 
The toxicological assessment step determines the acceptable dose that people can be exposed to 
on a daily basis without risk of adverse health effects over a lifetime of exposure. The toxicity 
assessment determines the dose of a chemical required to produce an adverse health effect or 
toxic response in humans. It also describes the nature and magnitude of health effects associated 
with chemical exposures.  
 
The risk characterization step compares the results of the exposure and toxicity assessments to 
determine whether there is a potential for chemicals from the site to pose a health risk. It puts the 
predicted risk into context so that stakeholders, regulators and interested readers can more easily 
comprehend the results. The uncertainty in the assessment is also described and the methods for 
dealing with that uncertainty are explained.  
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As described above, health risks are evaluated for a project only where a receptor has reasonable 
exposure to a chemical of potential concern (CoPC) generated from a project activity. Exposure is 
assessed after consideration of project mitigation and management techniques. To determine if a 
change in a measurable parameter is significant or not significant, use of a combination of 
standards or guidelines and a description of change will be used.  
 
Human health guidelines use assumptions and safety factors to ensure that even the most sensitive 
in the population are protected and to acknowledge if there is little toxicological information on a 
substance. An exceedance of a guideline does not therefore necessarily indicate an effect to 
health. If a guideline exceedance occurs, results will be interpreted based on magnitude of change 
over baseline, consideration of uncertainty associated with the assessment result and the guideline 
itself, and consideration the nature of health effect, using known health endpoints and the other 
effects ranking criteria.  

3 Problem Formulation 

The problem formulation phase focuses the risk assessment on the hazards, receptors and 
exposure pathways of greatest concern (i.e., compounds with the greatest toxic potential, people 
with the greatest likelihood of being exposed, and the greatest susceptibilities and exposure 
pathways that account for the majority of exposure to the chemicals emitted). It defines the scope 
and nature of the assessment to maintain the HHRA within practical boundaries. Hazards, 
receptors and exposure pathways of concern are identified, and screened for relevance and need 
for further quantitative analysis. 

3.1 Compounds of Concern 
From an analysis of project activities the most likely routes for CoPC release to the environment 
are: 

• airborne emissions of particulates and diesel exhaust during the construction phase; and 

• the increase in methyl mercury concentrations in local fish species due to the bioavailability 
of mercury from vegetation and soil in inundated (project flooded) areas. 

 
Emissions of particulates, welding fumes and diesel exhaust were considered. Fuel combustion 
from several types of equipment used during construction could result in emissions of criteria air 
contaminants (CACs) (SO2, NO2 and PM2.5). Emissions from non-road vehicles (mobile and non-
mobile construction equipment, such as drills, trailers, backhoes, graders, concrete trucks, pumps 
and cranes) make up the majority of these emissions. Criteria air contaminants associated with 
fuel combustion are: sulphur dioxide (SO2), nitrogen oxides (NOx), particulate matter (PM) 
BTEX (benzene, toluene, ethylbenzene and xylenes) and other volatile organic compounds. 
Eleven hydrocarbons species as identified by the California Air Resources Board as “significant 
components of diesel fuel combustion emissions and for federal Hazardous Air Pollutants (HAPs) 
for which data was available” (VCAPCD, 2001) include Benzene, Toluene, Ethylbenzene, 
Xylenes, Acetaldehyde, Acrolein, 1,3-butadiene, Chlorobenzene, Propylene, Hexane, and  
Formaldehyde. These constituents represent approximately 41% of the VOC mass in diesel 
emissions (Hsu et al, 2005).   
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Fuel combustion from several types of equipment used during construction and decommissioning 
could result in emissions of criteria air contaminants. Emissions from non-road vehicles (mobile 
and non-mobile construction equipment, such as drills, trailers, backhoes, graders, concrete 
trucks, pumps and cranes) make up the majority of these emissions.  
 
Criteria air contaminants associated with fuel combustion are: sulphur dioxide (SO2), nitrogen 
oxides (NOx) and particulate matter (PM), as VOCs are low molecular weight compounds no 
deposition or bioaccumulation of these compounds is expected to occur.   
 
Professional judgement and past experience on other construction projects has shown that the 
maximum ground level concentration (point of impingement) of CAC associated with less than 
10 pieces of operating equipment (as modelled using Screen3) occurs in close proximity to the 
equipment and that at distances beyond 50m away from the equipment, the predicted 
concentrations of CAC are well below the relevant air monitoring guidelines. The VOC 
concentrations at the site fence line are expected to be orders of magnitude below the applicable 
regulatory levels. 
 
Access to the site will be restricted to operating personnel who will be provided with appropriate 
occupational health and safety equipment. At the fence line, the closest location for potential 
(non-occupational) receptors, the levels of CAC are predicted to be well below the Alberta 
Ambient air quality guidelines and all relevant health-based objectives. 
  
The flooding of the sparsely vegetated gravel flood plain will cause an increase in the 
concentration of bioavailable mercury. This inundation associated with the head pond area will 
result in the local enrichment of methyl mercury in water sediments and biota especially 
piscivorous fish. The river banks are sparsely vegetated because much of the vegetation material 
is scoured by ice during winter freeze up, a condition which reduces quantity of mercury in the 
inundated area.  
 
Potential human exposure to CACs from Project emissions, the increase in methylmercury in fish 
tissue and implications for human health are described further under in the risk assessment.  

 

3.2 Receptors of Concern 
 

The project site is located in a remote rural location, distant from any urban development. The 
project will not impact any rural or urban residential areas. One land owner lives 1.5km from the 
project site. The project area has been identified as being within the traditional lands of the 
Duncans’ First Nation and one traditional plant site has been identified as being 1.5km 
downstream of the project site.     

3.3 Pathways of Concern 
 

Exposure pathways demonstrate the potential routes through which human receptors can come 
into contact with chemical hazard in the physical environment (air, soil and water). Exposure 
pathways can either be direct, where the receptor comes into contact with the contaminant 
directly from the source, or indirect, where the contaminant passes through another environmental 
media (e.g., soil) before reaching the receptor.  
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A rationale for the exposure pathways evaluated is included as Table 1 below. 
 
Table 1 Rationale for Exposure Pathways Evaluated 

Exposure 
Pathwa

y 

Inclusion 
in 

HHRA 

Rationale 

Inhalation of 
air  

This is a potential 
exposure pathway for 
human health for 
project construction 
and was therefore 
this was carried 
forward in the HHRA. 
Due to the 
intermittent nature 
and term of the 
project the evaluation 
completed was 
qualitative.  

Soil 
Ingestion  

Due to the location and 
nature of the facility 
soil ingestion is not 
considered to be a 
likely exposure 
pathway.  

Ingestion of 
Fish   

This is expected to be 
the most significant 
potential exposure 
pathway for human 
health associated 
with the project and 
will be carried forward 
in the HHRA. The 
area is a traditional 
land use area.   

Dermal 
Contact  

Dermal contact with 
surface soil and 
surface water is 
considered to be 
minor, therefore this 
pathway was not 
considered further.  
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Exposure 
Pathwa

y 

Inclusion 
in 

HHRA 

Rationale 

Ingestion of 
Country 
Foods 

 

The Duncans’ First 
Nation indicated that 
land in the vicinity of 
the project was not a 
source of country 
foods and they had 
no concerns 
regarding fish, 
waterfowl or 
ungulates.  

Water 
Ingestion  

Site access is limited 
and the river reach is 
relatively 
inaccessible, 
therefore this 
pathway was not 
considered further. 
Groundwater is the 
source of drinking 
water in the area.  

 
Exposure pathways demonstrate the potential routes through which human receptors can come 
into contact with chemical hazard in the physical environment (air, soil and water). Exposure 
pathways can either be direct, where the receptor comes into contact with the contaminant 
directly from the source, or indirect, where the contaminant passes through another environmental 
media (e.g., soil) before reaching the receptor. 
  
As illustrated in Table 2, several pathways were investigated as related to Project specific 
activities and potential emission sources. 
 
Project activities were assessed for potential to emit contaminants and mitigation measures were 
considered in an evaluation of reasonable pathways of exposure for human receptors. Where the 
pathway for exposure was ranked as likely or potential, it was then carried forward to the next 
phases of risk assessment for quantitative assessment. As illustrated in Table 1, several pathways 
were investigated as related to Project specific activities and potential emission sources. Exposure 
pathways include: 
 

• air inhalation of air and dust; 

• ingestion and dermal contact with soil;  

• ingestion and dermal contact with surface water; 

• ingestion of fish; 

• ingestion of wild game animals;  

• ingestion of waterfowl; and 

• ingestion of vegetation.  
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For most pathways, in consideration of the localized and short term nature of emissions, and 
mitigation and management techniques, the likelihood of exposure for human receptors 
(landowners and traditional users of the area) was assessed as unlikely, and pathways were not 
carried forward for quantitative assessment.  
 
The risk of exposure to mercury through the consumption of fish tissue was screened in as a 
potential exposure pathway.  
 
Due to the availability of geographically relevant data it is proposed that fish tissue sampling 
inform the baseline assessment and that this occur as part of the post approval/pre operating 
sampling program as proposed in the Mainstream Aquatics Fish Monitoring Plan included in the 
EIA.  

 

Table 2 - Potential Exposure Pathways for the Dunvegan Hydroelectric 
Project  

Exposure 
Pathway 

Description 

Exposure details Likelihood of 
Exposure 

Justification 

Inhalation of outdoor 
air /dust associated 
with construction 
activities 
 

 
 
 
 
 

 
 
 

• Contaminants in air and 
dust may be generated 
and released during 
construction, and 
dispersed to ground 
level, resulting in a 
potential pathway of 
exposure for human 
receptors. 

 
• Fuel combustion from 

several types of 
equipment (including 
drills, trailers, backhoes, 
graders, concrete trucks, 
pumps and cranes) used 
during construction could 
result in emission of 
CACs.  

 
• Particulate emissions 

may occur from the 
preparation of the site 
and may deposit onto 
surface soil. 

 

• Potential  
(term = 3 
years 

 
 
 
 
 
 
 
• Unlikely 
 
 
 
 
 
 
 
 
• Unlikely 

• Construction activities will 
occur in one location over 
a three year term with a 
minimal number of trucks 
(10), therefore a 
quantitative assessment 
of acute health risks has 
not been completed, 
rather professional 
judgment and past 
experience has indicated 
that with less than 10 
construction vehicles 
operating the maximum 
point of impingement for 
CAC will occur within 
50m of the modeled 
stack. 

 
 
• no receptors and levels 

well below Alberta Air 
quality criteria at 
maximum point of 
impingement 

Ingestion of / dermal 
contact with surface 
soil 
 
 
 
 
 

• Particulate emissions 
may occur from 
preparation of the site 
these emissions may 
deposit onto surface soil. 

 
 
• CAC emissions 

associated with internal 
combustion engines of 

• Unlikely 
 
 
 
 
 
 
• Unlikely 
 

• This pathway was ruled 
out due to the remote 
location of the site. 

 
 
 
 
• Estimated emissions in 

the air assessment were 
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Exposure 
Pathway 

Description 

Exposure details Likelihood of 
Exposure 

Justification 

heavy equipment, 
(including drills, trailers, 
backhoes, graders, 
concrete trucks, pumps 
and cranes) may occur 
and deposit on surface 
soil. 

 
• Possible contamination of 

surface soils from 
spraying of herbicide. 

 
 
 
 
 
 
 
 
• Unlikely 

considered unlikely to 
result in increased 
concentrations in surface 
soil as concentrations of 
CAC in air were 
estimated to be short 
term, and low, or volatile 
in nature. 

 
• Having basic spill 

response materials and 
tools on site will facilitate 
quick and effective spill 
response in the event of 
a localized spill. 

 
• All spills or leaks will be 

handled according to the 
Spill Response Plan and 
remediation activities will 
occur as required 

 
• Human ingestion and 

dermal contact with 
surface soil along the 
right of way is anticipated 
to be minor.   

 
Ingestion of or dermal 
contact with surface 
water 
 
 

• CAC emissions 
associated with internal 
combustion engines of 
heavy equipment, 
(including drills, trailers, 
backhoes, graders, 
concrete trucks, pumps 
and cranes) deposit on 
surface water 

 
• Possible contamination of 

surface water from 
spraying of herbicide. 

• Unlikely 
 
 
 
 
 
 
 
 
• Unlikely 

• Estimated emissions in 
the air assessment were 
considered unlikely to 
result in increased 
concentrations in surface 
water from aerial 
deposition.  

 
 
 
• Having basic spill 

response materials and 
tools on site will facilitate 
quick and effective spill 
response. 

 
 

Ingestion of fish • Local vegetation on the 
gravel flood plain of the 
Peace River will flood 
upstream of the project, 
this will allow an increase 
in bioavailable mercury 
for the fish population.  

 
• The fish tissue 

concentrations of methyl 

• Potential • Collect baseline data 
during the post-approval / 
pre development 
sampling event for fish as 
outlined in Section 5.0 
page 21of the 
Mainstream Aquatics Ltd. 
Fish Monitoring Plan.  

 
• Tissue samples from 

local fish species 
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Exposure 
Pathway 

Description 

Exposure details Likelihood of 
Exposure 

Justification 

mercury may rise.  
 
• Some baseline data for 

fish from the Peace river 
are currently available, 
with varying mercury 
concentrations in fish 
tissues. 

(particularly the 
piscivorous fish) will be 
analyzed for mercury 
concentrations.  

 

Ingestion of waterfowl • Inundation of the 
vegetation on the 
riverbank will increase 
the mercury 
concentrations of the 
water column, sediment 
and biota.   

 

• Unlikely • Inundation will occur in 
the gravel flood plain 
within the historical bed 
of the Peace River 

• Limited traditional use of 
the land for waterfowl 
collection as indicated in 
the FMA traditional land 
use study 

 
Ingestion of wild 
game 

• CAC emissions from the 
construction of the facility 
may deposit onto 
vegetation, or onto soil 
and be taken up by 
vegetation or deposit 
onto surface water. 

• Unlikely • Estimated emissions in 
the air assessment were 
considered unlikely to 
result in increased 
concentrations in surface 
water or local vegetation 
from aerial deposition.  

• Limited traditional use of 
the land for large game 
hunting 

Ingestion of 
vegetation  
 

• CAC emissions from the 
construction of the facility 
may deposit onto 
vegetation/garden 
produce, or onto soil and 
be taken up by produce. 

 
• CAC emissions 

associated with internal 
combustion engines of 
heavy equipment, 
(including drills, trailers, 
backhoes, graders, 
concrete trucks, pumps 
and cranes) may deposit 
onto vegetation or onto 
soil and be taken up by 
produce 

 

• Unlikely 
 
 
 
 
 
 
• Unlikely 

• This pathway was ruled 
out; as estimated 
emissions in the air 
assessment were 
considered unlikely as 
the emissions are 
primarily air based and 
would not accumulate in 
locally harvested 
vegetation 

• Traditional plant 
collection area is distant 
from the site 

 

 



 

© 2007                         July 2007                                                  Page 12 
 

4 Risk Characterization  
 

At this time there has not been a risk assessment completed for the project. Once detailed baseline 
data has been collected a quantitative assessment of potential mercury exposure through fish 
consumption will occur. The risk assessment will be limited to mercury consumption.  
  
As detailed previously, minor emissions of Criteria Air Contaminants (i.e., sulphur dioxide, 
nitrogen dioxide, carbon monoxide and particulate matter) are expected from construction 
activities associated with the Project.  The source of construction-related emissions will be from 
the operation of construction equipment at the Project Site. However, effects related to 
construction activities are expected to be of very low magnitude (i.e. much lower than regulatory 
objectives), relatively short-term and site specific, and are not expected to negatively impact air 
quality surrounding the Project Site. Construction emissions were not modelled for the site. 

4.1 Mercury 
 
Mercury (inorganic) is a naturally occurring element found in different levels throughout the 
natural environment, but coal combustion and resulting wet and dry deposition has caused the 
enrichment of mercury in air, soil and surface waters. Airborne mercury is transported long 
distances and deposited through rain and dust particles in the humic horizon of the soils and lake 
sediments and has been accumulating since the last glaciation (5 to 8 thousand years ago).  Soil 
and sediment conditions are not directly comparable between Eastern and Western Canada, with 
higher levels of mercury being present in rock associated with the Canadian Shield.  
 
Methylation of inorganic mercury is a natural process that occurs once inorganic mercury enters 
lakes and rivers and is converted by bacteria to a more bioavailable form. The mercury in the lake 
sediments and flooded soils can be converted by bacteria into methylmercury which is easily 
taken up by living organisms because of its affinity for binding to proteins. 
 
Mercury in lake systems depend on the lakes chemistry and specific characteristics.  In recently 
flooded reservoirs, the mercury content is initially higher than natural environments because the 
vegetation (ground cover, leaves, and moss) that gets flooded in the impoundment starts to 
breakdown and provides food for the bacteria that are responsible for the methylation of mercury 
that is present in the humic layer. The humic layer can release mercury into the surrounding 
environment through surface runoff and flooding. 
 
Methylmercury is also higher in organic soils associated with wetlands compared to soils 
associated with upland habitats which are non-organic.  Methylmercury is accumulated and 
biomagnified with increasing trophic levels in the aquatic food chain. Lower levels are typically 
seen in water, sediment, algae and zoo plankton. Predatory invertebrates have higher levels of 
methyl mercury than non-predatory benthos. Fish obtain mercury through the food chain; 
therefore piscivorous fish (i.e., fish which eat other fish) tend to have higher levels of 
methylmercury than invertivores. Fish concentrations also increase with age and size.  
 
Vegetation and tree removal has been the primary mitigation technique to reduce methylmercury 
production in reservoirs and headponds because it removes a significant load of organic material 
necessary to the methylation process.  
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The Peace River project area is unique in that the proposed headpond is causing inundation in a 
gravel flood plain area which was previously river bed.  A large percentage of land inundated by 
the headpond is located within the active floodplain, which consists of fluvial deposits containing 
minimal amounts of organic matter.   
 
Table 3 shows a comparison between hydroelectric projects in Canada and the area flooded per 
MWh generated. 

 
Table 3 - Flooded area per MegaWatt hour (MWh) at Hydro facilities 

across Canada 
Facility Flooded area per MegaWatt hour (MWh) 

Churchill Falls, Man     143 m
2
 / MWh 

James Bay, Que          104 m
2
 / MWh 

Bighorn, Alta                105 m
2
 / MWh 

Brazeau, Alta              103 m
2
 / MWh 

WAC Bennett, BC       88 m
2 / MWh 

Dunvegan, Alta                 3.6 m
2
 / MWh 

 
For the reasons discussed direct comparisons cannot be drawn between pre- and post-inundation 
mercury levels at this project site and other project sites in Eastern Canada.  
 
Glacier Power proposes to establish baseline mercury conditions in both fish and sediment and 
will institute a monitoring program after commencement of operations to monitor mercury levels 
in fish tissues. Mitigation measures including recommendations for consumption advisories to the 
local health authority will be implemented as required should the tissue mercury concentrations 
rise over the 500 µg/kg for occasional consumers as recommended by Health Canada (CFIA 
2007).  
 
For the current assessment, baseline mercury levels in sediment and fish were not determined 
prior to the submission of the application. While mercury was a key species for investigation in 
the Northern River Basin Study (NRBS), historical fish and sediment quality data existing for the 
Peace River are not specific to the reach of the river from Many Islands to the Dunvegan Bridge. 
Specific findings are detailed below. In general, mercury levels in fish from Many Islands to the 
confluence of the Smoky River were lower than elsewhere in the Peace River basin with the 
occasional larger fish having levels which exceeded the commercial health guidelines of 
Health Canada (NRBS, 1996). There are currently no fish consumption advisories for mercury in 
effect for the Peace River (SRD, 2007).  
 
Details from the research done as part of the NRBS indicated that current levels were: 
 
• Sediment: Mercury concentration was measured in sediments from three sites on the Peace 

River within Alberta from upstream of the Smoky River confluence to near the western 
boundary of Wood Buffalo National Park the concentration of total mercury at these three 
sites ranged from 68 to 75 µg/kg (mean = 70.7 µg/kg) with sixty-seven percent of total 



 

© 2007                         July 2007                                                  Page 14 
 

mercury at these sites being methylmercury (Donald et al 1996). In 1994 total mercury was 
analyzed on both clay-silt and sand fractions of the sediments from Peace River – upstream of 
the Smoky River, Peace River upstream of the Notikewin River and Peace River Downstream 
of Fort Vermillion, no detections were reported at an analytical detection limit of 0.10 ug/g 
(Crosley 1996). 

 
• Water quality: water quality data from the Peace River indicate that mercury was not usually 

detected (Donald et al 1996). 
 
• Fish tissue: Mercury has been measured in fish liver tissue from 13 sites on the Wapiti - 

Smoky - Peace - Slave River the mean mercury levels in liver for these 13 sites ranged from 
35 to 375 µg/kg. Of the 151 burbot analyzed from these sites, only three exceeded the Health 
Canada limit of 500 µg/kg. Higher levels of mercury were generally, but not always 
associated with large fish. Fish taken from the Peace River downstream from the Reservoir 
had levels of mercury that were less than 500 µg/kg and the elevated levels of mercury found 
in fish in the reservoirs in British Columbia were not present in fish downstream into Alberta. 
(Donald et al 1996). 

• Mink tissue: Mink liver tissue mercury levels were detected at levels ~ 2µg/g in areas in the 
Peace Athabasca River delta, these levels are 10 times lower than those associated with 
reduced kit survival (Wayland  1995a). 

 
• Muskrat tissue:  Muskrat adipose tissue from the Peace Athabasca delta was analyzed for 

both total mercury and methylmercury with a detection proportion of 0 in 12 (Wayland 
1995b). It is difficult to compare concentrations of metals in Peace-Athabasca Delta muskrats 
to those from other regions because adipose tissue was used for metals analyses in this study, 
whereas liver and kidneys are used in most other studies.  Metals tend to accumulate at higher 
levels in liver and kidney than in adipose tissue.   

 
• Canvasback tissue – Liver tissue from canvasback ducks from the Peace Athabasca delta 

was analysed for total mercury and was detected in four of six samples.  The maximum 
concentrations detected was 1.6 µg/g with a range of <0.02 to 1.62, with a mean of 0.92µg/g; 
all of the mercury was assumed be methylmercury (Wayland 1995b). 

 
Glacier Power has committed to complete baseline testing on sediment and fish tissue in the post 
approval /pre development period as outlined in Section 5.0 page 21 of the Mainstream Aquatics 
Ltd. Fish Monitoring Plan (Mainstream Aquatics, 2006). Tissue samples from local fish species 
(particularly the piscivorous fish) will be analyzed for mercury concentrations.  
 
Glacier Power stated that the mercury levels were unlikely to increase due to project operations. 
The inundation area is confined to the historical river bed prior to the development of the Bennett 
Dam. The river bed is bordered by a sparsely vegetated gravel flood plain. The river banks are 
sparsely vegetated because much of the vegetation material is scoured by ice during winter freeze 
up, a condition which reduces quantity of mercury in the inundated area. Inundation reservoirs 
have been developed in association with hydroelectric projects in Eastern Canada (La Grande 
project , Quebec; Island Falls, Ontario) and there are results showing increases in fish tissue 
methylmercury concentrations between 3-8 times in the time period after inundation followed by 
a gradual decrease back to historical levels  (Schetagne et al., 2007, Stantec, 2007, Hydro Quebec 
2007).   
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5 Mitigation Measures 

Project activities were assessed for potential to emit contaminants and mitigation measures were 
considered in an evaluation of reasonable pathways of exposure for human receptors. Mitigation 
measures are summarized Table 4. 
 
Table 4  Summary of potential exposures and proposed mitigation 

measures  
 

Exposure Pathway 
Description 

Proposed Mitigation 

Potential for human exposure to 
chemical hazards in air through 
inhalation of outdoor air /dust 
associated with construction 
activities 

• The project site is located in a remote area located away from 
human receptors.  

 
• Regular maintenance and cleaning of vehicles and equipment. 
 
• Limiting vehicle and equipment idling. 
 
• Minimal clearing required as much of the project area is already 

prepared for a tank farm. 
 
• Travel on site will generally not exceed 10km/hr. 

Potential for human  exposure to 
chemical hazards in soils 
through ingestion of or dermal 
contact with surface soil 
 

• Regular maintenance and cleaning of vehicles and equipment. 
 
• Limiting vehicle and equipment idling 
 
• All construction is in a remote area away from human receptors. 
 
• All spills or leaks will be handled according to the Spill Response 

Plan  and remediation activities will occur as required 
 

Potential for human  exposure to 
chemical hazards in water 
through ingestion of or dermal 
contact with surface water 
 
 

• Vehicles and equipment will be operated designated areas only. 
 
• No fuel will be stored within 100 m of the normal high water mark of 

a watercourse or standing waterbody. 
 
• Fuel will be stored with secondary containment. 
 
• All spills or leaks will be handled according to the Spill Response 

Plan and remediation activities will occur as required. 
 
• There will be limited surface water on site as the site will be 

contoured to the south to  enhance site drainage  
Potential for human exposure to 
chemical hazards through 
ingestion of fish 

• Monitoring of fish species both in the headpond and in the reach 
directly downstream will occur and any required notifications 
regarding consumption guidelines will occur 

Potential for human exposure to 
chemical hazards through 
ingestion of vegetation 

• The site is distant from the identified use area of the Duncans’ First 
Nation 
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6 Recommendations 

The proponent proposes to establish baseline mercury conditions in both fish and sediment and 
will institute a monitoring program after commencement of operations to monitor mercury levels 
in fish tissues.  
 
Mitigation measures including recommendations for consumption advisories to the local health 
authority will be implemented as required should the tissue mercury concentrations rise over the 
500 µg/kg for occasional consumers as recommended by Health Canada (CFIA 2007).     

7 Conclusions 

For most pathways, in consideration of the localized and short term nature of emissions, and 
mitigation and management techniques, the likelihood of exposure for human receptors 
(landowners and traditional users of the area) was assessed as unlikely, and pathways were not 
carried forward for quantitative assessment. The risk of exposure to mercury through the 
consumption of fish tissue was identified as a potential concern and a monitoring plan was 
identified in order to characterize this potential exposure pathway.  
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