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11. Ecological Risk Assessment (ERA)

Cantox Environmental Inc. (CEI) was contracted by Bennett to complete an ecological risk assessment in compliance with the risk assessment procedures endorsed by regulatory agencies including the Ontario Ministry of Environment and Energy, Environment Canada, the Canadian Council of Ministers of the Environment, and the United States Environmental Protection Agency.

The ‘Ecological Risk Assessment’ report conducted by CEI was completed in May 2002.  This report can be found as separately bound, Appendix 18.  The purpose of the ERA was to assess whether future levels of chemicals in soil, surface water or sediment, which are a result of Bennett facility emissions, cause direct toxicity or indirect effects to valued ecological species (i.e., plants, soil invertebrates, wildlife, and aquatic organisms).

This issue is addressed both by considering Bennett facility emissions alone, and also by considering Bennett emissions combined with other regional industrial sources in the local airshed.  Specific assessment endpoints addressing this issue include:

1. Maintenance of desired plant communities, such as native coniferous or deciduous forests, introduced species, horticultural species and wetlands;

2. Continued persistence of populations of wildlife in urban, wetland and forested areas, including hunted species, migratory birds, other charismatic species, and small mammals which are at the base of the food chain;

3. Continued persistence of plant and invertebrate populations that are at the base of the food chain;

4. Protection of threatened and endangered species, including direct effects on the species themselves as well as maintenance of their habitat and food resources;

5. Maintenance of aquatic and riparian ecosystems along creeks including Murdock Creek.  This includes persistence of populations of any fish and invertebrates in the creek, associated amphibians, aquatic plants, and birds and mammals that use the creek and riparian zones; and

6. Maintenance of aquatic communities in lakes, including Gull Lake.  This includes persistence of populations of any fish and invertebrates in the lake, associated amphibians, aquatic plants, and birds and mammals that use the lake.

The ERA was conducted and prepared in compliance with the Approved Terms of Reference for the Environmental Assessment.  The current section describes:

· Receptor Characterization,

· Exposure Assessment,

· Hazard Assessment,

· Risk Characterization, 

· Conclusions and Recommendations
The ERA followed the framework provided by Environment Canada and CCME.

Receptor Characterization

The receptor characterization includes a description of local habitats, ecological receptors, and the site conceptual model.

11.1.1. Habitat Description

The habitats in the vicinity of the proposed Bennett facility include terrestrial, aquatic and wetland areas.  The terrestrial habitat consists of forests dominated by aspen and a few wooded areas dominated by spruce.  There are also bedrock outcrops.  Open areas are present and are maintained for a hydro corridor, a right-of-way, and various unmaintained trails.  The topography is mixed, resulting in the presence of a number of soil types (poorly-drained, organic, clay).  This serves as the habitat for much vegetation and many wildlife species.

The aquatic environments of the area consist of Gull Lake, Murdock Creek, and a few intermittent streams and small ponds.  Gull Lake is the headwaters of Murdock Creek.  Murdock Creek ranges from <1 m to 30 m wide and from <1 m to 2 m deep during low flow conditions.  Aquatic vegetation, fish, benthos, beavers and other water-going mammals utilize these waters as habitat.

A number of wetlands occur on or near the proposed facility site, some of which drain into Murdock Creek (see Figure 4-9).  A number of wildlife species, including amphibians, waterfowl and mammals inhabit these areas, as well as aquatic and wetland vegetation.

11.1.2. Ecological Receptors

A receptor is defined as an organism or group of organisms that have the potential to be affected by a chemical or other stressor (e.g., habitat loss).  Receptors selected for assessment represent valued ecosystem components (VECs).  VECs are resources or environmental features that are important to human populations. This importance may be due to intrinsic (central), economic or social value.  The VECs have local, regional, provincial, national and/or international profiles, and if altered from their existing status, would be important in evaluating the impacts of development and in focussing management or regulatory policy.  Because it is not possible to evaluate all ecological receptors at a site, representative receptors are selected based on several criteria, including:

· Threatened or endangered species;

· Sensitivity to the chemicals and other stressors at the site;

· Biological and ecological relevance or significance;

· Ability to measure or predict effects; 

· Social relevance (species of recreational, commercial or social importance).

Not all selected receptors will meet all of the above criteria.  For example, no rare, threatened or endangered species were found in the area around the facility.  However, most of these criteria should be met by the selected receptors.  In addition, representative receptors were selected for each feeding guild (e.g., insectivorous small mammal, herbivorous small mammal, etc.) and these receptors can be considered surrogates (substitutes) for other species within that guild (e.g., the short-tailed shrew may be considered a surrogate for other insectivorous small mammals such as other shrew species).

Terrestrial Receptors

Key terrestrial wildlife receptors were identified following consideration of the indigenous species present in the vicinity of the proposed Bennett facility, and those species most likely to receive the greatest exposure to chemicals due to their habitat preferences and/or diet.  There are a large number of species that could potentially occur near the facility.  EcoTec Environmental Consultants Inc. conducted field surveys in August and September 2000 and the Kirkland Lake Nature Club conducted a bird survey in May 1998.  The comprehensive list of avian, mammalian and reptilian species is provided in Table 11-1.

Table 11-1
Potential Wildlife Species in the Vicinity of the Bennett Facility

	Common Name
	Scientific Name
	Common Name
	Scientific Name

	Rabbits & Hares
	
	Bears
	

	Snow-shoe hare
	Lepus americanus
	Black bear
	Ursus americanus

	Beavers
	
	Moles
	

	Beaver
	Castor canadensis
	Star-nosed mole
	Condylura cristata

	Shrews
	
	Bats
	

	Arctic shrew
	Sorex arcticus
	Little brown bat
	Myotis lucifungus

	Masked shrew
	Sorex cinereus
	Big brown bat
	Eptesicus fuscus

	Smoky shrew
	Sorex fumeus
	Northern bat
	Myotis seplentrinalis

	Pygmy shrew
	Sorex hoyi
	Red bat
	Lasiurus borealis

	Water shrew
	Sorex palustris
	Hoary bat
	Lasiurus cinereus

	Northern short-tailed shrew
	Blarina brevicauda
	Silver-haired bat
	Lasionycteris noctivagans

	Mice, Rats & Voles
	
	Jumping Mice
	

	Deer mouse
	Peromyscus maniculatus
	Woodland jumping mouse
	Napaeozapus insignis

	Southern red-backed vole
	Clethrionomys gapperi
	Meadow jumping mouse
	Zapus hudsonius

	Heather vole
	Phenacomys intermedius
	New World Porcupine
	

	Rock/yellow-nosed vole
	Microtus chrotorrhinus
	Common porcupine
	Erethizon dorsatum

	Prairie vole
	Microtus ochrogaster
	Dogs
	

	Meadow vole
	Microtus pennsylvanicus
	Timber wolf
	Canis lupus lycaon

	Southern bog lemming
	Synaptomys cooperi
	Coyote
	Canis latrans

	House mouse
	Mus musculus
	Red fox
	Vulpes vulpes

	Norway rat
	Rattus norvegicus
	Cats
	

	Muskrat
	Ondatra zibethicus
	Bobcat
	Lynx rufus

	Squirrels
	
	Lynx
	Lynx lynx canadensis

	Red squirrel
	Tamiasciurus hudsonicus
	Deer
	

	Northern flying squirrel
	Glaucomys sabrinus
	Moose
	Alces alces

	Chipmunk
	Tamias striatus lysteri
	White-tailed deer
	Odocoileus virginianus borealis

	Least chipmunk
	Tamias minimus
	Weasels
	

	Eastern chipmunk
	Tamias striatus
	Northern river otter
	Lutra canadensis

	Woodchuck
	Marmota monax
	Striped skunk
	Mephitis mephitis

	
	
	Mink
	Mustela vison vison

	
	
	Long-tailed weasel
	Mustela frenata novoboracensis

	
	
	Least weasel
	Mustela nivalis

	
	
	Fisher
	Martes pennanti

	
	
	American marten
	Martes Americana Americana

	
	
	Ermine
	Mustela erminea

	
	
	Raccoon
	Procyon lotor lotor

	Birds

	Red-winged blackbird
	Agelaius phoeniceus
	Blue winged teal
	Anas clypeata

	Mallard
	Anas platyrhynchos
	Ruby-throated hummingbird
	Archilochus colubris

	Great blue heron
	Ardea herodias
	Ruffed grouse
	Bonasa umbellus

	Starlings
	Sturnus vulgaris
	Lesser scaup
	Aythya affinis

	Least sandpiper
	Calidris minutilla
	Sora rail
	Porzana Carolina

	yellow bellied sapsucker
	Sphyrapicus varius
	ruby-crowned kinglet
	Regulus calendula

	tree swallow
	Iridoprocne bicolor
	cliff swallow
	Petrochelidon pyrrhonota

	chipping sparrow
	Spizella passerina
	savannah sparrow
	Passerculus sandwichensis

	black-capped chickadee
	Parus atricapillus
	American black duck
	Anas rubripes

	ring-necked duck
	Aythya collaris
	northern shoveler
	Anas clypeata

	American widgeon
	Anas americana
	green-winged teal
	Anas crecca

	Bonapart’s gull
	Larus philadelphia
	greater yellowlegs
	Tringa melanoleuca

	horned grebe
	Podiceps auritus
	American woodcock
	Philohela minor

	broad-winged hawk
	Buteo platypterus
	great horned owl
	Bubo virginianus

	hairy woodpecker
	Picoides villosus
	eastern bluebird
	Sialia sialis

	pipit
	Anthus rubescens
	barn swallow
	Hirundo rustica

	song sparrow
	Melospiza melodia
	white-crowned sparrow
	Zonotrichia leucophrys

	English sparrow (house sparrow)
	Passer domesticus
	evening grosbeak
	Coccothraustes vespertinus

	yellow-rumped warbler
	Dendroica coronata
	rock dove
	Columba livia

	blue winged teal
	Anas discors
	wood duck
	Aix sponsa

	bufflehead duck
	Bucephala albeola
	hooded merganser
	Lophodytes cucullatus

	common merganser
	Mergus merganser
	common golden eye
	Bucephala clangula

	ringbilled gull
	Larus delawarensis
	killdeer
	Charadrius vociferous

	common snipe
	Capella gallinago
	bittern (American)
	Botaurus lentiginosus

	kestrel (American)
	Falco sparverius
	harrier (northern)
	Circus cyaneus

	downy woodpecker
	Picoides pubescens
	red-eyed vireo
	Vireo olivaceus

	Pine siskin
	Carduelis pinus
	bank swallow
	Riparia riparia

	white-throated sparrow
	Zonotrichia albicollis
	swamp sparrow
	Melospiza georgiana

	junco (northern)
	Junco hyemalis
	purple finch
	Carpodacus purpureus

	mourning dove
	Zenaida macroura
	ruffed grouse
	Bonasa umbellus 

	red-tailed hawk
	Buteo jamaicensis
	Canada goose
	Branta canadensis

	merlin
	Falco columbarius
	osprey
	Pandion haliaetus

	belted kingfisher
	Ceryle alcyon
	crows (American)
	Corvus brachyrhynchos

	common raven
	Corvus corax
	grackle (common)
	Quiscalus quiscula

	cowbird (brown-headed)
	Molothrus ater
	blue jay
	Cyanocitta cristata

	woodpecker species
	Dryocopus pileatus
	Baltimore oriole
	Icterus galbula

	dark-eyed junco
	Junco hyemalis
	double crested cormorant
	Phalacrocorax auritus

	Reptiles and Amphibians

	eastern newt
	Notophthalmus viridescens
	blue-spotted salamander
	Ambystoma laterale

	yellow-spotted salamander
	Ambystoma maculatum
	eastern redback salamander
	Plethodon cinereus

	four-toed salamander
	Hemidactylium scutatum
	two-toed salamander
	Eurycea bislineata

	spring peeper
	Pseudacris crucifer
	American toad
	Bufo americanus

	leopard frog
	Rana pipiens
	mink frog
	Rana septentrionalis

	wood frog
	Rana sylvatica
	green frog
	Rana clamitans

	snapping turtle
	Chelyddra serpentina
	
	


The number of species selected as VECs was reduced to a smaller, more manageable list based on the evaluation criteria previously listed.  Table 11-2 presents the list of receptors that were carried forward for further evaluation.  Rationale for selecting each representative species follows this table.

Table 11-2
Receptors Selected for Full Evaluation in the ERA

	
	Primary Dietary Items
	Selected Receptor

	Birds
	Earthworms/Insects
	American Robin

	
	Terrestrial Plants
	Ruffed Grouse

	
	Fish
	Common Merganser

	
	Aquatic Invertebrates
	Lesser Scaup

	
	Small Mammals
	Red-Tailed Hawk

	Mammals
	Plants
	Meadow Vole

	
	Invertebrates
	Northern Short-Tailed Shrew

	
	Fish
	Mink

	
	Small Mammals
	Red Fox


Birds

American Robin (Turdus migratorius)

The robin is found throughout Ontario, being both widely distributed and abundant.  Its habitats include cities and towns, as well as farmland and forests.  The robin breeds in all parts of Ontario and migrates south for the winter.  Its diet consists mostly of terrestrial worms, insects and fruit .  The robin was chosen to be representative of birds feeding on terrestrial invertebrates, including earthworms and insects, for the following reasons:

· The robin’s primary food item is earthworms which accumulate organic chemicals to a significant degree due to their consumption of large amounts of soil,

· It is a common species,

· Life history data are readily available for the robin, and

· The robin can act as a surrogate for other birds that consume earthworms and soil invertebrates, such as chipping sparrows, song sparrows, killdeers, common snipes and American kestrels.

Ruffed Grouse (Bonasa umbellus)

The grouse is resident to most of Ontario all year round.  Its preferred habitat includes deciduous or mixed woodlands, both on the ground and in the understory.  The ruffed grouse consumes terrestrial vegetation including tree buds, and when available, fruit and seeds, and sometimes insects.  The ruffed grouse was chosen as the representative receptor species for birds feeding on terrestrial plants because:

· The ruffed grouse consumes primarily terrestrial vegetation, and 

· The ruffed grouse can be a surrogate for other vegetation consumers, such as red-winged blackbirds, Canada geese, hairy woodpeckers, evening grosbeaks, rock doves, red-eyed vireos, pine siskins, northern juncos, blue jays and mourning doves.

Common Merganser (Mergus merganser)

The common merganser has a breeding range that covers most of Ontario.  Its summer habitats are wooded areas near rivers, ponds and lakes.  This bird migrates south for the winter.  The diet of the common merganser includes mostly fish, but may also include aquatic invertebrates.  The common merganser has been chosen to be representative of piscivorous (fish-eating) birds for the following reasons:

· The primary food item of the common merganser is fish,

· It is relatively common, and

· The common merganser can be a surrogate for other birds that consume fish, including hooded mergansers, American bitterns, least bitterns and osprey.

Lesser Scaup (Aythya affinis)

The geographical region near Kirkland Lake is a localized breeding area for the lesser scaup.  The summer habitat of this diving duck is marshes, while estuaries, lakes and bays make up its habitat at other times of the year.  The lesser scaup is migratory, migrating south for the winter.  Aquatic insects and invertebrates make up the majority of the lesser scaup’s diet.  The lesser scaup was chosen as a representative receptor for birds consuming aquatic invertebrates because:

· The diet of the lesser scaup consists primarily of aquatic invertebrates,

· Life history data are readily available for this bird, and

· The lesser scaup can be a surrogate for other aquatic invertebrate-consuming birds, such as least sandpipers, Virginia rails, Bonaparte’s gulls, horned grebes, American pipits and common goldeneyes.

Red-Tailed Hawk (Buteo jamaicensis)

The breeding range of the red-tailed hawk covers most of Ontario.  Its habitats include open country and woodlands.  The red-tailed hawk, while breeding in a vast geographical range including northern Ontario, resides in areas of southern and central Ontario all year round.  Its diet consists mostly of rodents, rabbits, birds and reptiles, but being an opportunistic feeder, the red-tailed hawk will eat other dietary items such as large insects if available.  The red-tailed hawk was chosen to be representative of birds, which consume small mammals for the following reasons:

· The majority of its diet consists of small mammals,

· This bird is a top carnivore, subjecting it to increased exposures to chemicals that bioaccumulate,

· The red-tailed hawk is common,

· Life history data are readily available for this bird, and

· The red-tailed hawk can serve as a surrogate for other small mammal-consuming birds such as merlins, ravens, crows, broad-winged hawks, American kestrels, great horned owls and northern harriers.

Birds that consume aerial invertebrates and aquatic plants were not subjected to a full evaluation for the ERA.  Birds consuming aerial invertebrates were assumed to be exposed to the chemicals of potential concern at lower levels than those birds consuming ground invertebrates.  Ground invertebrates were assumed to contain higher levels of chemicals because contaminated soil may adhere to the invertebrates, and some invertebrates such as earthworms consume large quantities of soil and bioconcentrate many chemicals.  Avian consumers of aquatic plants, mainly consisting of duck species, also were not evaluated.  Female ducks change feeding habits during reproduction, consuming aquatic invertebrates for protein (U.S. EPA, 1993a).  Since the reproductive period is a time when wildlife are particularly sensitive to chemical impacts, it is an appropriate life stage to evaluate for effects from facility emissions.  Avian consumers of aquatic invertebrates are being evaluated for this ERA through the assessment of the lesser scaup, and the lesser scaup is an adequate surrogate for duck species.

Mammals

Meadow Vole (Microtus pennsylvanicus)

The range of the meadow vole covers all of Ontario.  Its habitats include marshes, grassy fields and open areas near woodlands.  The meadow vole’s diet consists of grasses, clover, plantain, tubers, flowers, leaves and seeds, as well as fungi and some insects.  The meadow vole was chosen to represent the herbivorous mammals because:

· The meadow vole primarily consumes vegetation,

· It is relatively common,

· Life history data are readily available, and

· The meadow vole can be a surrogate for other herbivorous small mammals such as prairie, rock, heather and southern red-backed voles and southern bog lemmings.

Northern Short-Tailed Shrew (Blarina brevicauda)

The northern short-tailed shrew is found in southern Ontario.  This shrew utilizes a variety of different habitats, although it prefers rich vegetative cover.  Its diet consists of terrestrial invertebrates and, on occasion, fungi, mice and smaller shrews.  The northern short-tailed shrew was chosen to represent consumers of invertebrates for the following reasons:

· The majority of the diet consists of terrestrial invertebrates,

· This shrew is relatively common,

· Life history data are readily available, and 

· The northern short-tailed shrew is an appropriate surrogate for other invertebrate consumers such as other shrews and bats.

The meadow vole and the northern short-tailed shrew were evaluated as representative receptors for their respective feeding guilds in lieu of larger mammals, such as deer, because they were assumed to have the greatest exposure to chemicals due to their smaller home range and large food consumption rate relative to body mass.  Therefore, larger mammals would be expected to be at lower risk than these small mammals.

Mink (Mustela vison)

The range of the mink encompasses all of Ontario and much of North America.  This animal prefers to live near or along creeks, rivers, marshes, lakes and ponds.  The diet of mink consists of muskrat, as well as smaller mammals, fish, reptiles and marsh birds.  The mink was chosen as the representative piscivorous mammal for the following reasons:

· This mammal consumes fish,

· It is relatively common,

· Life history data are readily available, 

· Toxicity data are available for this species, as it is known to be sensitive to PCBs and mercury, and

· The mink is an appropriate surrogate for other piscivorous mammalian wildlife including northern river otters and raccoons.

Red Fox (Vulpes vulpes)

The wide range of the red fox includes all of Ontario.  It lives in a variety of habitats that include pastures and farmland, brushland, and combination forested and cultivated land.  The red fox consumes other small mammals for the most part, as well as birds, invertebrates and plants.  The red fox was chosen to be representative of small mammal consumers because:

· This animal consumes primarily small mammals,

· It is a top carnivore, which may increase its exposure to chemicals that bioaccumulate,

· The red fox is relatively common,

· Life history data are readily available, and 

· The red fox serves as an appropriate surrogate for other small mammal consumers including coyotes, bobcats, and lynx.

Reptiles

Basic ecological information is available for many reptilian species.  However, the lack of toxicity data is the greatest limiting factor in the selection of a reptile as a receptor in an ecological risk assessment.  The lack of toxicity data for a particular receptor generally results in the use of a surrogate receptor to complete the evaluation.  However, toxicity data specific to reptiles are so limited that there are not sufficient data to be able to utilize surrogate species within the same class.  A few studies have been conducted on turtles, but these data are primarily limited to information on tissue residues and not effects on individuals or populations.

Because established exposure limits do not exist for reptiles, and the independent development of these values is hindered by the lack of relevant toxicity data, predictive ERAs cannot evaluate risks to reptiles.  Comprehensive ERAs at contaminated sites may include reptiles as receptors, but the evaluation will necessarily be limited to field surveys of populations from the area of interest.  Even toxicity tests cannot be conducted because there are no standardized tests for reptiles.

In many cases, an ERA will focus on a reptilian species only when there is a threatened or endangered reptile at a site.  In the area of interest around the Bennett facility, there are no rare, threatened or endangered reptilian species.  The only species observed was the snapping turtle, although other common species are likely to occur (e.g., garter snakes).  Therefore, reptiles were not assessed in this ERA.

Terrestrial Plants and Soil Invertebrates

Two of the assessment endpoints described in Section 11.0 were “the maintenance of desired plant communities” and “continued persistence of plant and invertebrate populations that are at the base of the food chain”.  To address these assessment endpoints, the ERA must consider impacts to both plant and soil invertebrate communities. Therefore, terrestrial plants and soil invertebrates were selected as receptors, considered on a community level, in this ERA.

11.1.2.1. Aquatic Receptors

Key aquatic receptors were identified following consideration of the indigenous species present in the lakes and creeks in the vicinity of the proposed Bennett facility, and those species most likely to receive the greatest exposure to chemicals due to their habitat preferences and/or diet.

EcoTec Environmental Consultants Inc. conducted field surveys in August and September 2000. Fish surveys were conducted also by Beak Environmental in 1990, 1991, 1995 and 1996.  There are a large number of species that could potentially occur in these water bodies.  Those that were observed in Murdock Creek are listed in Table 11-3.

Table 11-3
Fish Species Observed in Murdock Creek

	Common Name
	Scientific Name

	Brook stickleback
	Culaea inconstans

	Northern redbelly dace
	Phoxinus eos

	Creek chub
	Semotilus atromaculatus

	Brassy minor
	Hybonathus hankinsoni

	Common shiner
	Luxilus cornutus

	White sucker
	Catastomus commersoni

	Finescale dace
	Phoxinus neogaeus

	Fathead minnow
	Pimephales promelas

	Pearl dace
	Margariscus margarita

	Iowa darter
	Etheostoma exile

	Johnny darter
	Etheostoma nigrum

	Mottled sculpin
	Cottus bairdi

	Creek chub/common shiner hybrid
	Semotilus atromaculatus x Luxilus cornutus


Benthic invertebrates were surveyed by EcoTec and Beak in 1990, 1991, and 1995.  The taxa collected included aquatic worms (Oligocheata sp.), amphipods (Amphipoda), midge larva (Chironomidae), snails (Gastropoda), beetles (Coleoptera), clams (Pelecypoda), leeches (Hirudinea) and caddisflies (Tricoptera).

Wetland areas were surveyed by EcoTec.  Species observed included amphibians (frogs), aquatic vegetation (cattails, bulrushes, sedges, stonewort (Chara sp.)) and other water tolerant plants.

The aquatic receptors selected as VECs include fish, pelagic invertebrates, aquatic vegetation and benthic invertebrates.  All were assessed at the community level.

11.1.3. Conceptual Model

Conceptual models are developed from information about chemicals of concern and potential exposure routes on the receptor species.  Conceptual models consist of two principal components: a written description of predicted relationships among chemicals, exposure, and receptor response, and a diagram that illustrates these relationships.  The written description is provided in Sections 11.3.1, 11.3.2, 11.4 and 11.5; the diagram is presented in Figure 11-1.





















Figure 11-1
Conceptual Model

11.2. Exposure Assessment

Exposure assessment determines the chemicals of potential concern in various environmental media (e.g., soil, water, sediment) and describes how each receptor is exposed to those chemicals. The assessment of exposure is described below for terrestrial plants, soil invertebrates, aquatic organisms and wildlife, through an identification of chemicals of concern (Section 11.2.1), a description of exposure scenarios and pathways (Section 11.2.2), and a description of wildlife receptor exposure parameters (Section 11.2.3).

11.2.1. Identification of Chemicals of Potential Concern

Although the Bennett facility is equipped with a state-of-the-art air pollution control system, small concentrations of some chemicals are still emitted through the stack and building ventilation system.  The purpose of this risk assessment is to determine whether the chemicals in these emissions pose a significant risk to ecological receptors in the area of the facility.

The list of chemicals selected for the current assessment was based on a review of emissions data for similar facilities currently in operation.  This list of more than 100 chemicals included those emitted in the greatest quantities from such facilities as well as chemicals with the greatest toxic potency.  Refer to Table 11-4 for a complete list of chemicals released from similar facilities.

Table 11-4
Chemicals Potentially Released from Thermal Destruction Facilities

	Antimony
	Arsenic
	Barium

	Beryllium
	Boron
	Cadmium

	Chromium
	Cobalt
	Copper

	Lead
	Manganese
	Mercury

	Molybdenum
	Nickel
	Selenium

	Silver
	Thallium
	Tin

	Vanadian
	Zinc
	

	Polychlorinated Dibenzo-p-Dioxins and Furans
	Polychlorinated Biphenyls (PCBs)
	2,4,5-T (2,4,5-trichlorophenoxyacetic acid)

	2,4-D (2,4-dichlorophenoxyacetic acid)
	Aldrin
	Chlordane

	DDD
	DDE
	DDT

	Diazinon
	Dieldrin
	Endosulphan

	Endrin
	Heptachlor
	Heptachlor Epoxide

	Lindane (hexachlorocyclohexane)
	Methoxychlor
	Di(2-ethylhexyl)phthalate

	Di-N-butyl phthalate
	Anthracene
	Benzo(a)anthracene

	Benzo(a)fluorine
	Benzo(a)pyrene
	Benzo(b&k)fluoranthene

	Benzo(b)chrysene
	Benzo(b)fluorine
	Benzo(e)pyrene

	Benzo(g,h,I)fluoranthene
	Benzo(g,h,I)perylene
	Chrysene

	Dibenzo(a,h)anthracene
	Dibenzo(a,h)chrysene
	Fluoranthene

	Fluorene
	Indeno(1,2,3-c,d)pyrene
	Naphthalene

	Perylene
	Phenanthrene
	Pyrene

	4,6-Dinitro-o-cresol
	Cresols (mixture)
	Chlorophenols (total)

	Pentachlorophenol
	1,2,4-trimethylbenzene
	2,4,6-trinitrotoluene

	Ethylbenzene
	Styrene
	Toluene

	Xylene
	Benzidine
	Bromodichloromethane

	Bromoform
	Chloroform
	Trichlorofluoromethane (freon 11)

	2-Hexanone
	Acetone
	Benzene

	Methyl ethyl ketone (2-butanone)
	Chlorobenzenes (total)
	1,2,4-Trichlorobenzene

	1-chloro-2-methylbenzene (o-chlorotoluene)
	1-chloro-4-methylbenzene (p-chlorotoluene)
	Dichlorobenzidine (3,3’)

	1,1,1,2-tetrachloroethane
	1,1,2,2-tetrachloroethane
	1,1-dichloroethylene

	1,2-Dibromo-3-chloropropane
	Bis(2-chloroethyl)ether
	Carbon tetrachloride

	Chloroethane
	Chloromethane (methyl chloride)
	Cis- & trans-1,3-Dichloropropene

	Dichloroethane (assume 1,1)
	Methyl bromide
	Methylene chloride (dichloromethane)

	Tetrachloroethylene (perchloroethylene)
	Trichloroethane
	Trichloroethylene

	Vinyl Chloride
	
	


The first step in the chemical screening process is to identify those chemicals that will be retained as Chemicals of Potential Concern (COPCs) for more complex exposure modelling in the ERA.  Two types of chemical screening were conducted: toxic potency screening and background screening.  Background screening was conducted only for chemicals in soil, which were retained by the toxic potency screening.  Each of these screening methods is discussed in detail in the following paragraphs.  If a chemical screened on in both the toxic potency screening and background screening, it was carried forward for further assessment.  If, however, the chemical screened on in the toxic potency screening but the predicted concentration was less than 10% of the background concentration, it was not carried forward for further assessment.

For details on the toxic potency screening and background screening, please refer to Appendix 18, section 3.0.

11.2.1.1. Final List of COPCs after Screening

In addition to those chemicals that passed both the potency screening and the background screening, a few chemicals were added to the risk assessment to assess food-chain impacts.  For example, chemicals known to bioaccumulate and which are of public and regulatory concern (i.e., cadmium, mercury, DDT, PCBs, TCDD/TCDF) were added to the risk assessment for both birds and mammals.  In addition, chemicals that may be more likely to be taken up by plants, such as arsenic, lead, TCE, benzene and chloroform, were retained as COPCs for exposure to plant-eating birds and/or mammals.

The final list of COPCs carried through the risk assessment for terrestrial species is presented in Table 11-5.

Table 11-5
Final List of COPCs for Terrestrial Receptors

	Chemical
	Mammals
	Birds
	Plants
	Invertebrates

	Arsenic
	V
	G
	
	

	Cadmium
	X
	X
	
	

	Lead
	V
	G
	
	

	Mercury
	X
	X
	
	

	TCE
	V
	
	
	

	1,2,4-trichlorobenzene
	
	
	
	X

	Benzene
	V
	
	
	

	Toluene
	
	
	
	X

	Chloroform
	V
	
	
	

	DDT
	X
	X
	
	

	PCBs
	X
	X
	
	

	TCDD/F
	X
	X
	
	

	Methyl bromide
	V, S, F
	
	
	

	Sulphur dioxide
	
	
	X
	


X indicates chemical is a COPC for all receptors; G indicates COPC for grouse, V for vole, S for shrew and F for fox

11.2.2. Exposure Scenarios and Pathways

Modelled soil concentrations are used to determine vegetation, sediment and water concentrations for each of the chemicals based on US EPA guidance.  Media concentrations were then used as model inputs to calculate potential risks to receptors for the potential chemicals of concern.

11.2.2.1. Exposure Scenarios

Three exposure scenarios are considered in the assessment of ecological risks.  The first scenario evaluates risks from incremental exposure to Bennett facility emissions only.  The second scenario evaluates incremental risks associated with exposure to Bennett facility emissions combined with three other airshed sources of COPCs.  This second scenario allows an evaluation of cumulative risks from all significant sources of COPCs in the airshed.  The third scenario evaluates risks from exposure to background concentrations of chemicals.

11.2.2.2. Exposure Pathways

Ecological receptors may be exposed to chemicals via any of several potential exposure pathways, such as ingestion, inhalation and dermal contact.  The exposure pathways that will be included in the screening ERA are described below for plants, soil invertebrates, wildlife and aquatic receptors.

Terrestrial Exposure Pathways

Plants

The ERA assumed terrestrial plants are exposed primarily to COPCs in soil.  Therefore, exposure and risk to terrestrial plants are predicted by comparing predicted incremental COPC concentrations in soil to concentrations that have been determined to be acceptable for growing plants.  However, predicted concentrations in air were used to evaluate the potential impact of SO2.

Soil Invertebrates

To assess exposure and risk to soil invertebrates, predicted incremental COPC concentrations in soil are compared to concentrations that have been determined to be acceptable for soil invertebrate populations.

Wildlife

Wildlife may be exposed to chemicals in the environment via three pathways: ingestion; inhalation; and dermal contact.  Chemicals may be ingested by consumption of food and water, and by incidental ingestion of soil or sediment.  Chemicals may be inhaled if they are volatile, or if they are components of fine particulate matter.  Dermal exposure occurs when chemicals are absorbed through the skin from soil, water or sediment.

Dermal exposure is assumed to be negligible for birds and mammals.  Feathers on birds and fur on mammals reduce dermal exposure by limiting the contact of skin with chemicals in soil, water and sediment.  Inhalation exposure is also assumed to be negligible for birds and mammals.  There is a scarcity of data for inhalation toxicity and birds, and comparisons with mammalian wildlife are not possible due to the differences in bird and mammalian physiology.  Inhalation toxicity data for mammalian wildlife are also limited.  Food, water and soil ingestion tend to be the most significant routes of exposure, contributing the greatest to risk.  Therefore, only exposure via ingestion was considered in this ERA.  This agrees with US EPA and Environment Canada who also acknowledge ingestion is the major pathway of concern for wildlife.

Water consumption is assumed to occur solely at Gull Lake.  Modelled water concentrations at Murdock Creek were generally lower than at Gull Lake, and for those chemicals that were predicted to be at higher concentrations in Murdock Creek, there was less than a five-fold difference between predicted concentrations.  Risks from drinking water also are generally lower than from soil or food consumption.  Therefore, this assumption will not significantly affect the estimated risks associated with each COPC.

For the above exposure estimates to be used in the risk assessment, they must be expressed in terms of a body weight – normalized daily dose, in milligrams of chemical per kilogram body weight per day (mg/kg/d).  These exposure estimates are then compared to exposure limits, as described in Section 11.3 to provide an estimate of risk.

Chemical concentrations in food (e.g., plants, soil invertebrates, benthic invertebrates, fish, small mammals) are not available due to the fact that the proposed facility is not yet operating.  Therefore, these concentrations must be modelled.  Two methods are commonly used: uptake factors and regression equations.  The use of an uptake factor (UF) is the simplest method of estimating a concentration in food based on a soil (or sediment or water) concentration.

However, the use of uptake factors assumes that the chemical concentration in an organism (i.e., food item) is linearly related to the concentration in soil, sediment or water.  This is seldom the case, as uptake factors are lower at higher chemical concentrations in the environment.  Therefore, regression equations have been developed for estimating concentrations in earthworms, benthic invertebrates and small mammals.

When available, a regression equation was selected for use in the ERA model over an uptake factor.  The regression equation or uptake factor used for each chemical is presented in Table 11-6.  For the source of uptake factors and regression equations please refer to Appendix 18, section 3.2.2.

Table 11-6
Regression Equation1 or Uptake Factor to Determine COPC Concentrations in Various Ecological Compartments

	Chemical
	Soil-to-Worm
	Soil-to-Small Mammal
	Sediment-to-Benthos
	Water-to-Fish2
	Sediment-to-Fish2

	Cadmium
	y = 2.1+0.80x
	y = -0.43+0.49x
	y = -0.31+0.51x
	907
	NA

	Mercury
	y = -0.68 + 0.12x
	0.192
	0.482
	11168
	NA

	DDT
	1.262
	0.0001372
	0.952
	25512
	NA

	TCDD
	y = 3.5 + 1.2x
	y = 0.81 + 1.1x
	0.22
	NA3
	0.09

	PCBs
	y = 1.4 + 1.4x
	0.000552
	y = 0.59 + 1.1x
	NA
	2

	Methyl bromide
	0.582
	0.142
	NA
	NA
	NA


1
x= ln (concentration in sol); y= ln (concentration in organism)

2
A regression equation was not available for this chemical and therefore an uptake factor was used.

3

NA = not applicable; chemical or exposure route not evaluated

Many inorganic chemicals are passively taken up by plants from soil water, but there may also be active root uptake of required nutrients such as copper and zinc or active exclusion of others.  Micorrhyzal fungi associated with roots of most plants also make possible uptake and/or exclusion.  Uptake of chemicals into plants was modelled using US EPA methodology.  This methodology assumes uptake of chemicals into plants by three possible methods: direct deposition of particles onto the exposed plant surface; vapour transfer of chemicals through their foliage; and root uptake of chemicals from soil.

Aquatic Exposure Pathways

Fish, aquatic invertebrates and aquatic plants will be exposed to chemicals in the surface water of lakes, ponds and creeks, such as Gull Lake and Murdock Creek.  To assess exposure and risk to aquatic organisms, predicted incremental COPC concentrations in water are compared to concentrations that have been determined to be acceptable for aquatic life.

Many species of invertebrates live in close association with the sediments for all or most of their life-cycle.  Due to this high exposure potential, risks to the benthic invertebrate community were evaluated.  To assess exposure and risk to benthic organisms, predicted incremental COPC concentrations in sediment are compared to concentrations that have been determined to be acceptable for the benthic community.

11.2.3. Wildlife Receptor Parameters

Parameters including body weight, food, water and soil consumption rates, home range and dietary composition are required in order to determine wildlife exposure to the chemicals of potential concern.  Measured values for food and water consumption were used if possible over allometric equations.  Table 11-7 summarizes parameters for the avian receptors and Table 11-8 outlines the parameters for mammalian wildlife receptors.

Table 11-7
Avian Wildlife Receptor Parameters

	Parameter
	American Robin
	Ruffed grouse
	Common merganser
	Lesser scaup
	Red-tailed hawk

	Body weight (kg)
	0.077
	0.7
	1.6
	0.65
	1.1

	Dietery breakdown
	Assumed 100% soil invertebrates
	Assumed 100% terrestrial plants
	Assumed 100% fish
	Assumed 100% aquatic invertebrates
	Assumed 100% small mammals

	Food consumption rate (kg dry weight / day unless noted)
	0.093 kg wet weight/day
	0.301 x (body weight in g)0.751 = 0.041
	0.301 x (body weight in g)0.751 = 0.077
	0.301 x (body weight in g)0.751 = 0.039
	0.11 kg wet weight / day

	Water consumption rate (L/day)
	0.059 x (body weight in kg)0.67 = 0.011
	0.059 x (body weight in kg)0.67 = 0.046
	0.059 x (body weight in kg)0.67 = 0.081
	0.059 x (body weight in kg)0.67 = 0.044
	0.059 x (body weight in kg)0.67 = 0.063

	Soil ingestion (% of diet)
	10
	9
	Negligible
	7
	Negligible

	Home range (ha)
	0.2
	0.1
	Not available
	89
	233


Table 11-8
Mammalian Wildlife Receptor Parameters

	Parameter
	Meadow Vole
	Northern short-tailed shrew
	Mink
	Red fox

	Body weight (kg)
	0.044
	0.015
	1.0
	4.5

	Dietary breakdown
	Assumed 100% terrestrial plants
	Assumed 100% terrestrial invertebrates
	Assumed 100% fish
	Assumed 100% small mammals

	Food consumption rate (kg dry weight / day unless noted)
	0.577 x (body weight in g)0.727 = 0.009
	0.009 kg wet weight/day
	0.137 kg wet weight/day
	0.45 kg wet weight/day

	Water consumption rate (L/day)
	0.099 x (body weight in kg)0.90 = 0.006
	0.0033
	0.099 x (body weight in kg)0.90 = 0.099
	0.099 x (body weight in kg)0.90 = 0.38

	Soil ingestion (% of food consumption rate)
	2
	13
	Negligible
	3

	Home range (ha)
	0.037
	0.39
	770
	700


Many wildlife species have a diverse diet, composed of a favourite food, but often also including a variety of different types of food (e.g., a herbivore may include a small amount of insects in their diet).  For this risk assessment, rather than attempt to account for a varied diet, it was assumed that the diet was composed completely of the primary food item.  For example, the robin will eat earthworms and other invertebrates, but also a significant amount of fruit.  The amount of each dietary item varies with the time of year, but generally robins consume more invertebrates than fruit.  This is particularly true during the breeding season, which is a sensitive life stage.  Therefore, it was assumed that 100% of the diet of the American robin was soil invertebrates.  This also allows the robin to be the representative receptor for all birds that consume soil invertebrates.

For body weight, food consumption rates, water ingestion rates, soil ingestion rates and home range sources please refer to Appendix 18, section 3.3.

11.3. Hazard Assessment

The hazard assessment describes the relationship between the COPCs and the ecological receptors, including a description of potential adverse effects caused by each chemical of concern and the development of exposure limits.

11.3.1. Exposure Limits for Wildlife

Table 11-9 summarizes the exposure limits used for the ERA.  Exposure limits for wildlife were taken from accepted sources.  This is consistent with US EPA Combustion Facility guidance.  Otherwise, exposure limits were derived from other studies using standard methodologies.  This was accomplished using an equation that converts a Lowest Observed Adverse Effect Level (LOAEL) for a mammalian test species into a comparable value for a wildlife species.

Exposure limits are identical for all birds.  This is appropriate as physiological scaling factors, developed and used for mammals, may not be suitable for extrapolation among bird species.

LOAEL values were used in all cases for exposure limits.  In ERA, this endpoint is used as some low level of effect is acceptable, unlike in human health risk assessment.  Human health is considered at the individual level and the goal of the HHRA is to protect individuals.  A low level of effect, therefore, is not acceptable.  Ecological risks are considered at the population level and the goal of ERA is the maintenance of the populations of receptors.  Therefore, a low level of effect can be tolerated while the receptor population is maintained.

Table 11-9
Exposure Limits (mg/kg/d) for Wildlife

	Chemical
	Northern short-tailed shrew
	Meadow vole
	Mink
	Red fox
	American robin
	Red-tailed hawk
	Common merganser
	Lesser scaup
	Ruffed grouse

	Benzene
	
	2340
	
	
	
	
	
	
	NDA

	Chloroform
	
	69
	
	
	
	
	
	
	NDA

	DDT
	8.8
	6.7
	3.1
	2.10
	0.028
	0.028
	0.028
	0.028
	0.028

	Methyl bromide
	1.56
	1.2
	
	0.37
	
	
	
	
	

	PCBs (as Aroclor 1254)
	0.668
	0.511
	0.69
	0.474
	1.8
	1.8
	1.8
	1.8
	1.8

	PCDD/Fs (as 2,3,7,8-TCDD)
	0.000022
	0.0000168
	0.0000077
	0.0000053
	0.00014
	0.00014
	0.00014
	0.00014
	0.00014

	Trichloroethylene
	
	6.4
	
	
	
	
	
	
	NDA

	Arsenic
	
	1.15
	
	
	
	
	
	
	12.8

	Cadmium
	21.2
	16.2
	7.42
	5.09
	20
	20
	20
	20
	20

	Lead
	
	134.4
	
	
	
	
	
	
	11.3

	Mercury
	13
	13
	0.25
	13
	0.9
	0.9
	0.064
	0.064
	0.9


Blank cells indicate the chemical was not retained from the screening for this receptor group

NDA – no data available

For toxicity profiles of chemicals of potential concern please refer to Appendix 18, section 4.2.

11.4. Risk Characterization

The risk characterization portion of the ERA estimates the magnitude and probability of effects, by combining the exposure and hazard assessment results.  There are several ways that risks may be characterized.  For aquatic organisms, the simplest method is to compare predicted incremental water and sediment concentrations to provincial or federal water and sediment guidelines, objectives or criteria.  Similarly, for terrestrial plants and soil invertebrates, incremental soil concentrations are compared to provincial or federal soil quality guidelines.  If the predicted incremental concentrations are well below these guidelines and criteria, then adverse impacts are not expected.  

For wildlife, the simplest method is to use an ‘exposure ratio’, which is a unitless value defined as:

Exposure Ratio = Level of Exposure / Exposure Limit

Exposure ratios are calculated for each receptor/chemical combination.  If the exposure ratio (ER) is less than 1.0, no adverse impacts to ecological receptors would be expected.  If the ER exceeds 1.0, the implication is that adverse ecological risks may occur.  However, because the methods used to complete the modelling are conservative, an ER which exceeds 1.0 generally prompts further assessment to determine if potential effects are in fact occurring or are likely to occur.

11.4.1. Terrestrial Plants and Soil Invertebrates

Sulphur dioxide was the only COPC for terrestrial plants.  Predicted incremental concentrations at the MPOI are compared to acceptable benchmark concentrations in Table 11-10.  For soil invertebrates, the COPCs were toluene and 1,2,4-trichlorobenzene.  Again incremental concentrations at the MPOI were compared to acceptable benchmark levels (Table 11-11).

Table 11-10
Comparison of Predicted Incremental Sulphur Dioxide Concentrations in Air at the MPOI with Acceptable Levels for Terrestrial Plants

	Averaging Period
	Predicted Concentration 

(Bennett Alone – ug/m3)
	Predicted Concentration 

(All Sources - ug/m3)
	Benchmark Concentration (ug/m3)

	1-hour (acute)
	9.38
	9.38
	1833

	24 hours (acute)
	3.63
	3.63
	471*

	Annual average (chronic)
	0.07
	0.15
	5


* 8-hour benchmark concentration used as a surrogate

The comparison of predicted SO2 concentrations to benchmark levels shows that no adverse impacts to vegetation are likely from Bennett emissions alone or in combination with releases from Bennett combined with other industrial regional sources.

Table 11-11
Comparison of Predicted Chemical Concentrations in Soil at the MPOI with Acceptable Levels for Soil Invertebrates

	Chemical
	Concentration in Soil (Bennett only – mg/kg)
	Concentration in Soil (all sources – mg/kg)
	Background Concentration in Soil (mg/kg)
	Soil Invertebrate Benchmark (mg/kg)

	Toluene
	0.055
	0.058
	0.002
	15

	1,2,4-Trichlorobenzene
	0.13
	0.33
	NA
	20


NA indicates background concentration in soil not available.

The comparison of predicted incremental chemical concentrations in soil to benchmark levels shows that impacts to soil invertebrates are unlikely to occur from exposure to toluene or 1,2,4-trichlorobenzene, either from Bennett emissions alone or in combination with other sources of toluene, including background concentrations.

11.4.2. Terrestrial Wildlife

Exposure ratios (ERs) were estimated for nine wildlife species, including five birds and four mammals.  The estimated intake of each chemical included exposure via incidental soil or sediment ingestion, water ingestion and food ingestion.

Estimated incremental risks from exposure to Bennett facility emissions only at the maximum point of impingement (MPOI) for the American robin, red-tailed hawk, ruffed grouse, northern short-tailed shrew, meadow vole and red fox are presented in Appendix 18, table 5-3.  Estimated incremental risks at Gull Lake for common merganser, lesser scaup and mink are presented in Appendix 18, table 5-4.  All risks are below the critical level of 1.0, indicating adverse impacts are unlikely.  Actual risks are expected to be lower than those predicted in this ERA because several safety assumptions were used in the modelling of exposures and risks: 1) incremental exposures were estimated at the maximum point of impingement, and the home range of the wildlife species was not factored into the risk estimate; 2) 100% of each species’ diet was assumed to come from the MPOI; and 3) conservative modelling was conducted to estimate chemical concentrations in dietary items.

Estimated risks at the MPOI from incremental exposure to Bennett emissions combined with other sources are presented in Appendix 18, Tables 5-5 and 5.6.  All risks are below the critical level of 1.0, indicating adverse impacts are unlikely.

An assessment of background risks also was conducted to allow the facility risks to be put into context with existing conditions.  Background chemical concentrations in soil, water and sediment are presented in Table 11-12.  Site-specific background concentrations in soil were not available; therefore the MOEE Table F Ontario-wide background soil concentrations were used for this analysis.  Current chemical concentrations in water of Gull Lake were used for the modelling of chemical concentrations in fish.  Concentrations of several chemicals were below the analytical detection limit (see Table 11-12) and therefore one-half the detection limit was used as the concentration.  No background chemical concentrations in sediment were available; therefore, sediment quality criteria were used for the assessment of background risks.  Other than these chemical concentrations, the methodology for estimating background risks is identical to that for estimating facility risks.

Table 11-12
Assumed Background Chemical Concentrations in Soil, Water and Sediment

	Chemical
	Background Concentration in Soil (mg/kg)
	Background Concentration in Water (mg/L)
	Background Concentration in Sediment (mg/kg)

	Arsenic
	17
	0.000550
	NA

	Cadmium
	1
	0.000130
	0.6

	Lead
	120
	0.00500
	31

	Mercury
	0.23
	0.011
	0.2

	DDT
	1.4
	0.000002501
	0.00700

	PCBs
	0.3
	0.00001001
	0.0700

	TCDD
	0.00000700
	0.000000002201
	0.00000170

	Benzene
	0.00200
	0.00002501
	NA

	Chloroform
	0.00600
	0.00005001
	NA

	Trichloroethylene
	0.00400
	0.00002501
	NA

	Methyl bromide
	0.003
	NA
	NA


NA - indicates chemical was not a COPC for this pathway, or data not available

1 - concentration below detection limit; ½ the detection limit used as background concentration

Background risks to terrestrial wildlife are presented as part of Appendix 18, Table 5-8.  All risks are below the critical level of 1.0, with the exception of robins exposed to DDT.  The only significant contributor to this elevated risk for the robin is from exposure to DDT in food (i.e., earthworms, not from soil or water exposure).  This suggests that the modelling conducted to estimate DDT concentrations in food from concentrations in soil may be too conservative.  Therefore, estimated risks from Bennett facility emissions are likely lower than those predicted in Appendix 18, table 5-3, because adverse impacts to wildlife are not expected at background concentrations of chemicals.

Background risks to birds and mammals that feed from Gull Lake are presented in Appendix 18, table 5-9.  All risks are below the critical level of 1.0, with the exception of the merganser and mink exposed to mercury in fish, and scaup exposed to dioxins in benthos.  This suggests that the modeling conducted to estimate mercury and dioxin concentrations in food from concentrations in water and sediment are too conservative.  For example, because mercury was not detected in water of Gull Lake, a value of one-half the detection limit was used in the modelling of mercury concentrations in fish. Similarly, because there were no site-specific background concentrations of dioxins in sediments of Gull Lake, the sediment quality guideline value was used in the modelling of dioxin concentrations in benthos.  Therefore, estimated incremental risks from Bennett facility emissions are likely lower than those predicted in Appendix 18, table 5-4.

11.4.3. Summary of Risks to Wildlife

A summary of risks to wildlife is presented in Table 11-13.  Incremental risks from exposure to Bennett facility emissions are shown relative to incremental risks from exposure to other industrial sources in the local airshed, and also relative to background risks.  In all cases, incremental risks posed by emissions from the Bennett facility do not contribute to predicted elevated background risks.  That is, risks associated with Bennett emissions, alone or in combination with other sources, do not result in risks greater than 1.0 when considered along with background risks.  In the few cases where background risks are elevated about 1.0, the risks from Bennett emissions are less than 0.1% of the background risks.

Table 11-13
Summary of Exposure Ratios for Bennett Alone, Bennett Combined with other Sources, and Background

	Chemical
	Bennett Alone
	Bennett Combined with Other Sources
	Background

	American Robin
	
	
	

	TCDD
	0.00035
	0.00041
	0.0390

	Mercury
	0.0380
	0.0380
	0.0980

	PCBs
	0.0003
	0.00310
	0.0890

	Cadmium
	0.000000430
	0.00000290
	0.0810

	DDT
	0.0550
	0.0550
	77

	Red-tailed Hawk
	
	
	

	TCDD
	0.0000140
	0.0000160
	0.00110

	Mercury
	0.00000290
	0.00000290
	0.00540

	PCBs
	0.000000120
	0.000000730
	0.00000920

	Cadmium
	0.000000600
	0.00000190
	0.00100

	DDT
	0.000000470
	0.000000470
	0.000670

	Northern Short-tailed Shrew
	
	

	TCDD
	0.0011
	0.0013
	0.120

	Mercury
	0.00130
	0.00130
	0.00350

	PCBs
	0.00042
	0.00430
	0.120

	Cadmium
	0.000000200
	0.00000140
	0.0380

	DDT
	0.0000870
	0.0000870
	0.120

	Methyl bromide
	0.00110
	0.00110
	0.000690

	Ruffed Grouse
	
	
	

	TCDD
	0.000049
	0.000056
	0.000270

	Mercury
	0.0000190
	0.0000190
	0.00230

	PCBs
	0.000012
	0.000073
	0.000900

	Cadmium
	0.00000000280
	0.0000000320
	0.000320

	Arsenic
	0.000000330
	0.00000110
	0.00710

	Lead
	0.000000940
	0.00000250
	0.0580

	DDT
	0.000190
	0.000190
	0.270

	Meadow Vole
	
	
	

	TCDD
	0.00034
	0.00039
	0.00180

	Mercury
	0.00000440
	0.00000440
	0.000230

	PCBs
	0.000034
	0.0002
	0.00260

	Cadmium
	0.0000000120
	0.000000130
	0.000490

	Chemical
	Bennett Alone
	Bennett Combined with Other Sources
	Background

	Arsenic
	0.0000130
	0.0000420
	0.0640

	Lead
	0.000000270
	0.000000720
	0.00410

	TCE
	0.0000510
	0.0000520
	0.0000330

	Benzene
	0.00000360
	0.00000530
	0.000000630

	Chloroform
	0.00000130
	0.00000130
	0.00000820

	DDT
	0.000000620
	0.000000620
	0.000940

	Methyl bromide
	0.000510
	0.000510
	0.000330

	Red Fox
	
	
	

	TCDD
	0.0004
	0.000820
	0.0310

	Mercury
	0.000000210
	0.000000220
	0.000420

	PCBs
	0.000009
	0.0000570
	0.000640

	Cadmium
	0.00000240
	0.00000790
	0.00430

	DDT
	0.000000460
	0.000000460
	0.000650

	Methyl bromide
	0.000190
	0.000190
	0.000120

	Common Merganser
	
	
	

	TCDD
	0.000000470
	0.000000670
	0.0000530

	Mercury
	0.000990
	0.00110
	84

	PCBs
	0.000000610
	0.00000100
	0.00370

	Cadmium
	0.0000000430
	0.000000150
	0.000280

	DDT
	0.0000230
	0.0000230
	0.110

	Lesser Scaup
	
	
	

	TCDD
	0.00130
	0.000420
	3.7

	Mercury
	0.0120
	0.0140
	0.470

	PCBs
	0.000000450
	0.000000800
	0.00690

	Cadmium
	0.00000150
	0.00000290
	0.00120

	DDT
	0.000140
	0.000140
	0.0720

	Mink
	
	
	

	TCDD
	0.00000790
	0.0000110
	0.000900

	Mercury
	0.00230
	0.00260
	200

	PCBs
	0.00000140
	0.00000250
	0.00890

	Cadmium
	0.000000110
	0.000000380
	0.000700

	DDT
	0.000000190
	0.000000190
	0.000900


11.4.4. Aquatic Organisms

Predicted incremental concentrations of COPCs in surface water and sediment of Gull Lake and Murdock Creek were compared to water quality objectives and sediment quality criteria to evaluate the potential impact to aquatic organisms (e.g., fish, benthic invertebrates). No incremental chemical concentrations in surface water (Table 11-13) or sediment (Table 11-14) of either Gull Lake or Murdock Creek exceeded objectives or criteria, when either Bennett emissions are considered alone or in combination with emissions from other regional airshed sources.  Since the incremental concentrations are insignificant (i.e., generally less than 10% of the objectives or criteria), adverse impacts to aquatic organisms are unlikely.

.

Table 11-14
Comparison of Incremental COPC Concentrations in Surface Water to Provincial Water Quality Objectives

	Chemical
	PWQO
	Gull Lake (Bennett)
	Gull Lake (combined sources)
	Murdock Creek (Bennett)
	Murdock Creek (Combined sources)

	Arsenic
	0.100
	0.000000542
	0.000000448
	0.0000000488
	0.000000403

	Beryllium
	0.0110
	0.0000000195
	0.000000200
	0.00000000209
	0.0000000214

	Cadmium
	0.000200
	0.0000000196
	0.0000000703
	0.00000000175
	0.00000000664

	Chromium (total)
	0.00100
	0.00000000506
	0.0000000212
	0.0000000160
	0.0000000671

	Copper
	0.00500
	0.00000622
	0.00000993
	0.00000180
	0.00000288

	Lead
	0.00100
	0.000000964
	0.00000705
	0.000000106
	0.00000775

	Mercury (total)
	0.000200
	0.000000118
	0.000000134
	0.0000000377
	0.0000000419

	Molybdenum
	0.0400
	0.0000000638
	0.0000000647
	0.000000205
	0.000000210

	Selenium
	0.100
	0.000000312
	0.000000590
	0.0000000704
	0.000000130

	Thallium
	0.000300
	0.000000108
	0.000000496
	0.0000000996
	0.000000265

	Zinc
	0.0200
	0.000000294
	0.0000127
	0.000000233
	0.00000673

	1,1-Dichloroethene
	0.0400
	0.000000393
	0.000000393
	0.00000138
	0.00000138

	1,2,4-trichlorobenzene
	0.000500
	0.00000230
	0.00000306
	0.00000817
	0.0000110

	Benzene
	0.100
	0.000162
	0.0000917
	0.000463
	0.000382

	Toluene
	0.000800
	0.0000102
	0.0000137
	0.0000381
	0.0000509

	Bis (2-chloroethyl) ether
	0.200
	0.000000172
	0.000000172
	0.000000766
	0.000000766

	Carbon tetrachloride2
	0.0130
	0.00000141
	0.00000233
	0.00000573
	0.00000948

	Chloroform2
	0.00180
	0.00000218
	0.00000277
	0.00000950
	0.0000121

	Chloromethane
	0.700
	0.0000124
	0.0000128
	0.0000582
	0.0000599

	Trichloroethylene
	0.0200
	0.00000967
	0.0000104
	0.0000401
	0.0000430

	Vinyl Chloride
	0.400
	0.000000631
	0.00000197
	0.00000281
	0.00000876

	Benzo(a)pyrene
	0.00000200
	0.0000000195
	0.0000000232
	0.0000000941
	0.0000000113

	Hexachlorobenzene
	0.00000650
	0.00000000583
	0.00000000583
	0.0000000186
	0.0000000186

	Pentachlorophenol
	0.000500
	0.0000000439
	0.0000000439
	0.000000110
	0.000000110

	PCB (arochlor 1254)
	0.00000100
	0.00000000292
	0.00000000494
	0.00000000640
	0.0000000116

	PCDD/PCDF (TEQ) (2,3,7,8-TCDD)2
	0.0000000000200
	0.000000000000171
	0.000000000000243
	0.000000000000343
	0.000000000000491

	DDT
	0.00000300
	0.000000000530
	0.000000000530
	0.00000000104
	0.00000000104

	Heptachlor
	0.00000100
	0.0000000006287
	0.0000000000628
	0.000000000104
	0.000000000104

	Aldrin
	0.00000100
	0.000000000137
	0.000000000137
	0.0000000000243
	0.0000000000243

	Dieldrin
	0.00000100
	0.00000000242
	0.00000000242
	0.000000000273
	0.000000000273


1 - all concentrations are in mg/L

2 - no provincial water quality objective was available; therefore CCME water quality guideline was used.

Table 11-15
Comparison of Incremental COPC Concentrations in Sediment to Sediment Quality Guidelines

	Chemical
	Sediment Quality Guideline
	Gull Lake (Bennett)
	Gull Lake (combined sources)
	Murdock Creek (Bennett)
	Murdock Creek (Combined sources)

	Arsenic
	6
	0.0000157
	0.000130
	0.00000142
	0.0000117

	Cadmium
	0.600
	0.00000147
	0.00000527
	0.000000131
	0.0000167

	Chromium (total)
	26
	0.00319
	0.0134
	0.000979
	0.000000497

	Copper
	16
	0.0000516
	0.0000824
	0.0000150
	0.00411

	Lead
	31
	0.000867
	0.00634
	0.0000939
	0.0000239

	Mercury (total)2
	0.170
	0.00535
	0.00606
	0.000731
	0.000687

	Molybdenum
	NA
	0.0397
	0.0407
	0.0125
	0.0129

	Selenium
	NA
	0.00000156
	0.00000295
	0.000000352
	0.000000652

	Thallium
	NA
	0.00000770
	0.0000352
	0.00000707
	0.0000188

	Zinc
	120
	0.0000182
	0.000788
	0.0000144
	0.000417

	Benzo(a)pyrene
	0.0600
	0.000703
	0.000835
	0.000107
	0.000203

	Hexachlorobenzene
	0.020
	0.0000185
	0.0000185
	0.0000544
	0.0000544

	Pentachlorophenol
	NA
	0.000000886
	0.000000886
	0.00000221
	0.00000221

	PCB (arochlor 1254)
	0.070
	0.0000114
	0.0000193
	0.0000225
	0.0000408

	PCDD/PCDF (TEQ) (2,3,7,8-TCDD)2
	0.00000790
	0.00000000153
	0.0000000217
	0.00000000885
	0.0000000127

	DDT
	0.00700
	0.0000136
	0.0000136
	0.0000156
	0.0000156

	Heptachlor3
	0.00500
	0.0000000239
	0.0000000239
	0.0000000393
	0.0000000393

	Aldrin
	0.00200
	0.000000266
	0.000000266
	0.0000000448
	0.0000000448

	Dieldrin
	0.00200
	0.00000246
	0.00000246
	0.000000270
	0.000000270


1 - all concentrations are in mg/kg

2 - no provincial sediment quality guideline was available, therefore CCME guideline was used

3 - sediment guideline for heptachlor epoxide used as a surrogate for heptachlor

NA - indicates no sediment quality guideline is available

11.4.5. Uncertainties

There are uncertainties in all stages of the risk assessment process.  Specifically, five areas of uncertainty are discussed: uncertainty in the chemical screening process; uncertainty in the selection of ecological receptors; uncertainty in exposure estimates; uncertainty in the exposure limits for wildlife; and the limitations in the use of exposure ratios (that is, a simple comparison of exposure point concentrations to ecological criteria).

Discussion about the above uncertainties can be found in Appendix 18, section 5.4.

Conclusions and Recommendations

The ERA for the vicinity of the Bennett facility evaluated potential impacts to terrestrial plants, soil invertebrates, fish and other aquatic organisms, and avian and mammalian wildlife.  To be conservative, incremental risks were estimated at the MPOI for terrestrial receptors, and at Gull Lake and Murdock Creek for aquatic organisms.  Three scenarios were evaluated: one which considered Bennett facility emissions alone; a second which considered Bennett emissions combined with other regional airshed sources; and a third which considered potential background concentrations.

Using the methodology and assumptions described in this section, the ERA concluded that adverse effects are unlikely for any ecological species.  That is, future levels of chemicals in soil, surface water and sediment, which are a result of Bennett facility emissions, are not expected to cause direct toxicity or indirect effects to valued ecological species (i.e., plants, soil invertebrates, wildlife and aquatic organisms), when considered alone or in combination with emissions from other regional airshed sources.  Referring back to the assessment endpoints, identified in Section 11.0, it can be concluded that:

· Desired plant communities can be maintained;

· Wildlife populations will continue to persist;

· Plant and invertebrate populations that are at the base of the food chain will continue to persist;

· There are no threatened or endangered species in the vicinity of the site;

· Aquatic and riparian ecosystems along area creeks will be maintained; and

· Aquatic communities in and associated with lakes will be maintained.

However, Cantox Environmental Inc. has recommended that baseline monitoring be conducted for selected chemicals in the area around the proposed Bennett facility to assess the potential impact of existing facilities (e.g., mine wastes, the power facility, other outfalls).  Specifically, Bennett will need to understand current levels of contamination and current levels of impact (if any) to aquatic and terrestrial organisms, before the proposed facility is built.  Monitoring will include chemical concentrations in soil, water and sediment, and possibly biological tissues (e.g., fish).  This has been confirmed in Section 15.0, Summary of Commitments.

As demonstrated above the Ecological Risk Assessment was completed pursuant to the approved Terms of Reference describing: Ecological Exposure pathways:

· Ingestion of prey species (vegetation, invertebrates, mammals or fish)

· Ingestion of surface water (wildlife)

· Accidental ingestion of soils/dusts

· Contact with surface water

For the further detail Human Health Risk Assessment please see Appendix 17, Human Health Risk Assessment.
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