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Executive Summary
On behalf of The City of Trail (the “City”), SNC-Lavalin Inc. (SNC-Lavalin) has conducted a preliminary
human health and ecological risk evaluation to inform planning regarding the decommissioning of the
Cambridge Dam and reservoir near Trail, BC (herein referred to as the “Site”). The City wishes to
decommission the structure in 2021 and to restore upper elevations of the former reservoir to forest and/or
grassland and the lower elevations to functioning stream and wetland habitat. The City plans to use the
existing earth materials (i.e., sediment and/or soil) within the reservoir to complete the restoration work,
resulting in the materials supporting terrestrial and/or aquatic habitats following restoration efforts. The
focus of the current risk evaluation is to provide a preliminary assessment of potential risks to human and
ecological receptors resulting from exposure to the elevated concentrations of metals identified in Site
soils/sediments under post-restoration conditions.
The potential for Site visitors and Site workers to be exposed to the contaminants of potential concern
(COPCs) in soils/sediment was considered in the preliminary risk evaluation. Relevant exposure pathways
include those associated with potential direct contact with soil, including dermal contact, incidental ingestion
and inhalation of soil particulate. Direct contact with sediments associated with a future wetland at the Site
would be relatively insignificant compared to direct contact with soil, and thus the evaluation of soil
exposures was considered protective of potential exposures to sediment. The results of the human health
component of the preliminary risk evaluation indicated no unacceptable risks to Site visitors or Site workers
to soil COPCs (lead).
The results of the ecological component of the preliminary risk evaluation identified potential risks that may
require management related to terrestrial and aquatic ecological receptors exposed to soil and/or sediment
COPCs. Elevated concentrations of selenium in soils at the southern portion of the Site could result in risks
to terrestrial ecological receptors, specifically to future vegetation as selenium concentrations at similar
levels in soils have been reported to affect plant growth. However, additional information on the source of
the elevated selenium in soil, and whether or not it is naturally occurring in the local area, should be
considered in the determination of potential risks to future terrestrial vegetation at the Site.
Concentrations of cadmium, lead and selenium at the Site have the potential to result in potential risks to
aquatic ecological receptors if these materials were to be used as sediments in future constructed wetland
or stream habitats. Elevated cadmium and lead are located almost exclusively in surficial material across
the entire Site, while elevated selenium concentrations were identified in sampling locations associated
with the southern portion of the Site. The source of cadmium and lead in surficial materials at the Site is
unclear, and further evaluation into the source of these metals in the environment should be conducted.
Results of the preliminary risk evaluation indicate that materials from the northern portion of the Site, at all
depths, would be suitable for use as soils in future terrestrial habitat restoration, and deeper materials in
this northern portion would be considered to be suitable for use as sediments in future aquatic habitat. The
concentrations of selenium measured in materials at all depths investigated at the southern portion of the
Site have the potential to result in risks to both future terrestrial and aquatic receptors if materials were used
as soils or sediments, respectively, in future restoration efforts.
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Data gaps were identified throughout the preliminary risk evaluation, and are summarized below along with
recommendations for potential future action items to reduce uncertainty associated with the above stated
conclusions:
1: An assessment of background concentrations in the local area/region is recommended to determine if
elevated concentrations of metals identified at the Site are naturally occurring or are the result of
anthropogenic sources.
2: Further evaluation of potential risks to aquatic receptors resulting from cadmium, lead and selenium in
future sediments.
3: Based on the results of 1 and 2 above evaluate the need for further assessment of Site materials and
their potential to result in toxicity to terrestrial or aquatic biota through direct toxicity testing with relevant
species.
Once data gaps have been addressed, it is likely that the Site materials can be managed on-Site for
inclusion in restoration efforts. The use of Site materials for restoration of terrestrial and/or aquatic habitats
should be prescribed through the development and implementation of a soil/sediment management plan.
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Definitions and Acronyms
This list includes definitions and acronyms used in risk evaluation and through this report.
Acronym
(if available)

Definition

AOI

The areas at and surrounding the Site that area of interest for the
purpose of the evaluation and investigation work. The AOI in the current
risk evaluation refers to the area impacted by historical Teck smelter
operations in the City of Trail.

CCME

A Canadian intergovernmental forum for environmental standards and
action. CCME Guidelines are used when an ENV guideline or standard
is not available.

BC Conservation
Data Centre

CDC

An online mapping service to determine whether known occurrences
have been documented of protected, listed or rare animal species or
plant communities.

Contaminants of
Potential Concern

COPCs

The contaminants identified at a site that exceed relevant
standards/guidelines protective of human or ecological receptors.

Contaminated Sites
Regulation (CSR)

CSR
Or
BC CSR

The regulation under the British Columbia Environmental Management
Act that governs contaminated sites and activities such as soil
assessment and remediation.

Ecological Risk
Assessment

ERA

An evaluation of risks from COPCs to ecological receptors at the
population/ community level and individual level for species at risk at the
site.

Hazard Quotient

HQ

The ratio of the potential exposure to a COPC and the level at which no
adverse effects are expected (TRV).

Human Health Risk
Assessment

HHRA

An evaluation of risks to human receptors at the site resulting from
exposure to COPCs in various environmental media.

Interim Sediment
Quality Guideline

ISQG

A CCME sediment quality guideline protective of aquatic life.
Concentrations of contaminants below this guideline are rarely
associated with adverse biological effects.

Interior CedarHemlock Zone, moist
warm

ICHmw

Interior Cedar-Hemlock, moist warm zone designated by the BC Forest
Service and includes southeastern British Columbia at lower to middle
elevations between 400 – 1500 m.

Lowest Observed
Effect Concentration

LOEC

The lowest effect concentration of a parameter at which toxicity has been
observed. LOECs are used in guideline/standard development.

Ministry of
Environment and
Climate Change
Strategy

ENV

The environmental governing body in British Columbia, responsible for
the effective protection, management and conservation of BC’s water,
land, air and living resources.

Probable Effects
Level

PEL

A CCME sediment quality guideline protective of aquatic life.
Concentrations of contaminants above these levels are frequently
associated with adverse biological effects.

Term

Area of Interest
Canadian Council for
Ministers of the
Environment
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Acronym
(if available)

Definition

ROCs

Receptors are the individual organism, species, population or community
that may be exposed to contaminants. Human and/or ecological
receptors of concern are identified for a site if they may be exposed to
COPCs.

Working Sediment
Quality Guideline

SQG

The sediment quality guideline used by BC ENV in the absence of
approved guidelines from CCME or the BC CSR for a particular
parameter. These guidelines serve as benchmarks for the protection of
aquatic life.

Toxicity Reference
Value

TRV

The maximum acceptable dose or concentration of exposure for a toxic
substance that is not expected to cause an unacceptable level of effect
in a receptor.

95% Upper
Confidence Limit of
the Mean

95% UCLM

A statistical representation in which the calculated value has 95%
certainty to contain the true mean of the data set.

Term

Receptors of
Concern
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1 Introduction
On behalf of the City of Trail (the “City”), SNC-Lavalin Inc. (SNC-Lavalin) has conducted a preliminary
human health and ecological risk evaluation to inform planning regarding the decommissioning of the
Cambridge Dam and reservoir near Trail, BC (herein referred to as the “Site”). The Cambridge Dam and
the associated saddle dam are embankment structures comprising a concrete core covered in rock fill
protection. The total structure is approximately 85 m long and is 6 m tall at its highest point. The City wishes
to decommission the structure in 2021 and to restore upper elevations of the former reservoir to forest
and/or grassland and the lower elevations to functioning stream and wetland habitat. The City plans to use
the existing earth materials (i.e., sediment and/or soil) within the reservoir to complete the restoration work.
The general location of the Site is illustrated on Drawing 677856-001.
In 2020, the City requested preliminary assessment of sediment quality in the Cambridge Reservoir to
inform an application to the BC Dam Safety Officer for the decommissioning. Findings of the sediment
characterization work were outlined in SNC-Lavalin’s report titled “Results for Sediment Characterization in
the Cambridge Reservoir near Trail, BC”, dated January 12, 2021. Results indicated that metal
concentrations in the reservoir sediments exceeded the BC Ministry of Environment and Climate Change
Strategy (ENV) Contaminated Sites Regulation 1 (CSR) standards for the current and future land use,
including wildlands (reverted) soil standards and freshwater sediment standards. The focus of the current risk
evaluation is to provide a high-level, preliminary assessment of potential risks to both human and ecological
receptors to determine their suitability for use as soils or sediments in support of restoration planning.
The earth materials at the Site may be used in future restoration efforts either as soil, to support terrestrial
habitats, or as sediments, to support aquatic habitats. For clarity, throughout this report, the earth material
from the Site sampled in its current state is referred to as “Site material”; Site material is then referred to as
“soil” or “sediment” in reference to its potential future use. Additionally, outstanding data gaps related to the
estimation of potential risks are identified and recommendations for additional work to reduce the
uncertainty associated with predictions of potential risk are provided. The preliminary risk evaluation relies
on the Site information and analytical results for 20 samples collected from 10 locations, as presented in
SNC-Lavalin (2021). Consideration of potential exposure to other media at the Site, including groundwater,
surface water and potential indirect exposure to contaminants of potential concern (COPCs) though
harvesting and ingestion of country foods (e.g., edible vegetation and/or wildlife) were not considered in the
current preliminary risk evaluation.
The risk evaluation includes an abbreviated version of the components of a risk assessment typically
associated with the Problem Formulation stage, which includes screening for COPCs, the identification of
human and ecological receptors of concern (ROCs) and determination of associated potentially operable
exposure pathways between ROCs and COPCs under the anticipated future condition of the Site, which
includes a restoration of the Site to a mix of terrestrial, wet-meadow, wetland and stream habitats. While it
is not possible to conclusively predict ecological risks under future use of the Site as wetland, a high-level
overview of potential risks to both human and ecological ROCs resulting from exposure to COPCs is also
provided. The risk evaluation was completed in accordance with guidance and principles for risk
assessment prescribed by BC ENV (2021a,b), as well as guidance for human health and ecological risk
assessment provided by Health Canada (2010a,b, 2012) and Canadian Council for Ministers of the
Environment (CCME, 2020), respectively.

1

Contaminated Sites Regulation (CSR), B.C. Reg. 375/96, includes amendments up to B.C. Reg. 161/2020, February 1, 2021.
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2 Abbreviated Problem Formulation
2.1

Site Setting

The Cambridge Dam and associated reservoir is located approximately 4.1 km southwest of the City. The
Cambridge Dam reservoir receives runoff from steep terrain south and south west of Trail within the
catchment area of Cambridge Creek between the dam and Violin Lake. Violin Lake naturally discharges to
the south in Goodeve Creek but currently supplies water via a siphon pipe into the Cambridge Reservoir.
Discharge from the reservoir flows towards the north in Cambridge Creek before discharging to Trail Creek
at a confluence approximately 1.5 km southwest of Warfield. A general location map of the Site is provided
on Drawing 677856-001.
It is understood that the dam and reservoir are no longer required and, as such, the City is planning to
decommission both in 2021 in accordance with requirements of the BC Ministry of Forests, Lands,
Natural Resource Operations and Rural Development’s Dam Decommissioning Guidelines (FLNRO, 2019).
To inform the decommissioning activities, in-situ sediment assessment was required according to
Section 1.3.3 of the Dam Decommissioning Guidelines. Based on the proximity of the reservoir to heavy
industrial land use in Trail, SNC-Lavalin inferred that sediment chemistry may have been affected by
emissions of airborne particulate matter containing elevated metal concentrations (SNC-Lavalin, 2021). No
information on sediment chemistry was available and, therefore, limited sampling and laboratory analysis
of metal concentrations was conducted in 2020 to inform the City’s planning process for the dam
decommissioning efforts.
Table 2.1, below, summarizes general information regarding Site identification, location, land usage,
topography and hydrogeology.
Table 2.1: Site Description
Site Description
Current Owner:

City of Trail

Latitude:

49° 03' 46" N

Longitude:

117° 43' 55" W

Current and Future Structures:

Current: Cambridge Creek Dam and associated infrastructure
Future: None

Topography:

The Cambridge Reservoir is a man-made basin – the east and west sides
of the reservoir are confined by mountainous side slopes and the south end
gradually transitions to shallow, marshy, then forested terrain.

Size of Area:

8 hectares - The contributing watershed is 641 hectares in size.

Surrounding Land Uses:

Forested terrain

Surface Water Bodies:

Currently Cambridge Reservoir and Cambridge Creek (on Site). Discharge
from the reservoir flows towards the north in to Cambridge Creek before
discharging to Trail Creek at a confluence approximately 1.5 km southwest
of Warfield.

Note:
Site information obtained from the City of Trail (2020).
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2.1.1
2.1.1.1

Ecological Setting
Regional Ecology and Local Habitat Assessment

The Site is in the Interior Cedar — Hemlock zone (ICH) moist warm (mw) zone which occurs at lower to
middle elevations (400 to 1500 m) of southeastern British Columbia (BCFS, 2016). The ICHmw covers a
large geographic area from the valleys of the southern Monashee, Selkirk, Purcell, and Rocky Mountains,
to the Shuswap Lake-Thompson River area. The ICH has an interior continental climate which is dominated
by easterly moving air masses that produce cool wet winters and warm dry summers (Meidinger and Pojar,
1991). Mean annual temperature ranges from 2 to 8.7°C with temperature averages below 0°C for 2 to
5 months and above 10°C for 3 to 5 months of the year (Meidinger and Pojar, 1991). Of the mean annual
precipitation of 500 to 1200 mm, 25 to 50% falls as snow (Meidinger and Pojar, 1991). The ICH is dominated
by upland coniferous trees (Meidinger and Pojar, 1991). Extensive wetlands are infrequent in the ICH due
primarily to the steeply sloping mountainous terrain of much of the zone. Grizzly Bears and Black Bears
are the most common large mammals that occur in the zone with ungulates (e.g., Mule Deer, White-tailed
Deer, and Rocky Mountain Elk) being present in drier regions (Meidinger and Pojar, 1991). Most of the
amphibian and reptile species occur in the warmer valley bottoms, commonly adjacent to riparian areas;
however, these species can also spend time in damp forest litter or moist forest clearings (Meidinger and
Pojar, 1991). Many bird species are present in the ICH with several inhabiting or relying on the coniferous
forests for habitat (Meidinger and Pojar, 1991).
The Site is located within a mountainous valley, between Lookout Mountain (east) and Lake Mountain
(west). The valley is forested with mature timber throughout, aside from areas on the mid, and lower slopes
of Lookout Mountain which have been historically and/or recently clear-cut and are at various stages of
regeneration. The reservoir is approximately 570 m long and 150 m wide. Fish and aquatic organisms will
likely be able to move throughout Cambridge Creek once the dam has been removed, as removal will
restore the diversity of shallow water wetland and wet-meadow habitat. Brook trout are stocked in
Cambridge Creek and beaver dams have been observed within the watershed as well (City of Trail, 2020).
Species that have been observed in the area of the Site include black bear, elk, moose, Columbia spotted
frog, Pacific chorus frog, striped garter snake and Western toad (City of Trail, 2020).

2.1.1.2

Species of Special Concern

Provincially and federally listed species potentially occurring within the regional area were also queried on
the BC Conservation Data Centre (CDC) online mapping service to determine whether known occurrences
have been documented of rare animal species or plant communities for the Site and surrounding areas.
The CDC is part of the Wildlife Inventory Section of the Resource Inventory Branch of ENV that uses a
listing process to identify species that are candidates for potential legal designation as provincially
endangered or threatened (Red List) or of special concern (Blue List). The search results are presented in
Appendix II. Occurrence are listed below:

›
›
›
›

Shape ID #122384, Occurrence ID #15287 Steers Head (Dicentra uniflora);
Shape ID #104168, Occurrence ID # 13148 North American Racer (Coluber constricter);
Shape ID #30015, Occurrence ID #6953 Western Skink (Plestiodon skiltonianus); and
Occurrence #44877 Secure Species at Risk.

These sightings were approximately 1 to 6 km from the Site. Species of special concern listed above were
not identified at the Site during the Site field visits conducted in 2020 (City of Trail, 2020). However,
Western toad, which is a species at risk, has been observed at the Cambridge Reservoir dam area
(City of Trail, 2020).
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2.2

COPC Screening

The objective of the current risk evaluation is to evaluate potential risks associated with the Site under its
anticipated future condition, which includes a restoration of the Site to a mix of terrestrial, wet-meadow,
wetland and stream habitats. As the City wishes to use the existing earth materials within the reservoir to
complete the restoration work, it was assumed that the samples collected and analyzed from the Site to
date could function as soil, supporting terrestrial ecological receptors, or as sediment, supporting aquatic
ecological receptors, under this future condition. As such, the measured concentrations of metals were
compared to both the BC ENV CSR Standards for soil and for sediment, protective of human and ecological
receptors through multiple exposure pathways. Soil and sediment parameters identified in SNC-Lavalin
(2021) in exceedance of a relevant standard were retained as preliminary COPCs in this preliminary risk
evaluation. Analytical data for surface water were not available and were not incorporated into the current
risk evaluation. Drawings 677856-002 and 003 detail soil and sediment exceedances at the Site.
The most relevant land use identified for application at the Site, as defined in the CSR, and considered for
this preliminary risk evaluation was the wildlands (reverted) use, which is representative of the ultimate
desired future land use at the Site and consistent with SNC-Lavalin (2021). For soil, the standards used for
identifying COPCs were associated with those protective of relevant exposure receptors/pathways,
including human intake of contaminated soil and toxicity to soil invertebrates and plants for terrestrial
ecological receptors. The CSR sediment standards applied in the COPC screening process were the
freshwater sediment standards for sensitive use. No sediment standards are available for protection of
human health; however, the soil COPCs identified through Standard exceedances related to the human
health exposure pathway were assumed to be representative of sediment human health COPCs. Soil
standards for the protection of groundwater flow to surface water used by freshwater aquatic life were not
included in soil COPC screening, as consideration of groundwater related exposure pathways were not
considered in this preliminary assessment and the evaluation of materials as sediment was considered to
be protective of the aquatic ecological receptor group.
Final COPCs were identified for human and ecological receptors by comparing the maximum and
95% upper confidence level of the mean (UCLM) concentrations of preliminary COPCs to standards
protective of human and ecological health, relevant to the exposure pathways outlined above. While, at the
COPC screening stage, statistical representations of concentrations are not typically used, for the current
risk evaluation, the goal is to identify COPCs that will drive risk assessment outcomes to inform restoration
planning and decision-making; as a result, the use of the 95% UCLM was considered to be appropriate for
incorporation into the COPC screening process.
For human receptors, maximum and 95% UCLM concentrations were compared to BC ENV CSR
Schedule 3.1 – Part 1 Matrix Numerical Soil Standards for Human Intake of Contaminated Soil, while for
ecological receptors, the standards protective of Toxicity to Soil Invertebrates and Plants were considered.
Where Part 1 Matrix Standards were not available, Part 2 Generic Numerical Soil Standards to Protect
Human Health or Ecological Health were used for COPC screening purposes. The CSR sediment standards
applied in the COPC screening were the CSR Schedule 3.4 Freshwater Sediment Standards for Sensitive
Use. If no sediment standard was available from ENV for ecological receptors, other guidelines / standards
were consulted, including the BC Working and Ambient Sediment Quality Guidelines and values from the
United States Environmental Protection Agency (US EPA). Where maximum and 95% UCLM
concentrations exceeded the relevant benchmark, the metal was retained as a final COPC for further
consideration in the risk evaluation.
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Detailed COPC screening tables are provided as Appendix III Tables III-1 and III-2, for soil and sediment,
respectively. Final COPCs are summarized below for both soil and sediment in Table 2.2, below.
Table 2.2: Summary of COPCs for Human Health and Terrestrial Ecological Receptors
COPCs for Human Health

COPCs for Terrestrial Ecological
Receptors

COPCs for Aquatic Ecological
Receptors

Soil
Lead

Selenium

NA

Sediment
Lead

2.3

NA

Arsenic, Cadmium, Lead, Silver, Selenium

Receptors of Concern and Relevant Exposure
Pathways

The environmental media under consideration in the current preliminary risk evaluation are limited to future
soil or sediment; as a result, only exposure pathways relevant to soil and sediment were considered herein.
It should be noted, however, that direct exposure of human and ecological receptors to COPCs (if present)
in future Site surface water, or indirect exposure through ingestion of country foods grown at the Site, could
result in additive risk that is not considered herein. It is recommended that consideration of potential
exposure to surface water be considered in future evaluations of potential risk to future ROCs at the Site.

2.3.1

Human Receptors

The Site is located approximately 4.1 km southwest of the City of Trail, BC, and is accessible via gravel
roads leading from the City of Trail, the City of Rossland, or the community of Casino. The most direct
means of vehicle access is provided via a gravel road which extends southeastward from the lower area of
the Village of Warfield (Warfield). The road crosses through private land where two locked gates have been
installed to inhibit casual vehicle access. Due to the remote and relatively inaccessible nature of the Site,
human access is currently infrequent.
Under a future wildlands scenario, Site access is expected to continue to be restricted (by locked gates
along the access roadway) and thus human access is likely to remain infrequent. Human receptors are
likely to be limited to occasional Site visitors, which could include members of the local First Nations or the
general public. Potential future use under this scenario is conservatively assumed to consist of two days
per week (at 8 hours per day), every week of the year. This is likely an overestimation of Site use
(especially on a year-round basis) and exposure frequency due to restricted access, the remote nature of
the Site and as media will be covered by ice/snow for several weeks of the year; however, this exposure
frequency was assumed to conservatively evaluate potential Site use if access was not restricted. It is
considered unlikely that the Site would be used on a more frequent basis or for longer durations, such as
for overnight camping purposes etc. If future information becomes available that suggests that exposure
frequency or duration for Site visitors could be higher than assumed in the current preliminary risk
evaluation, risk estimates should be revisited.
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Additionally, to account for a potential land use scenario where workers are on Site for prolonged periods
of time (e.g., during Site restoration or ongoing monitoring efforts), an additional exposure scenario for
workers at the Site was considered. Under a worst-case potential future exposure scenario, where active
Site assessment or work occurs year-round, potential exposures were conservatively assumed to occur at
a frequency of up to five days per week (at 10 hours per day), for up to 52 weeks per year.
Site visitors were assumed to be of any age, while, due to the nature of the work, Site workers are assumed
to be adults. Lead was the only COPC identified in soil for human health; since young children are the most
vulnerable to adverse effects associated with lead, toddler receptors were considered to be the most
sensitive of the age groups relevant to Site visitors and were retained for quantitative evaluation.
Summaries of receptor and exposure characteristics are provided in Tables IV-1 and IV-2, in Appendix IV.
Potential exposure of Site visitors and Site workers to soils will be considered further in the preliminary risk
evaluation. Relevant exposure pathways include those associated with potential direct contact with soil,
including dermal contact, incidental ingestion and inhalation of soil particulate. Direct contact with sediments
associated with a future wetland at the Site would be a relatively insignificant compared to direct contact
with soil, and thus the evaluation of direct contact with soil was considered to be protective of sediment
exposures.

2.3.2

Ecological Receptors

As described in Section 2.1.1, the ICHmw zone supports a great diversity and density of plants and wildlife.
Under a future wildlands scenario, it was assumed that the Site would be prepared for revegetation, and
plants, including trees, would become established and provide suitable quality habitat at the Site over time.
A portion of the Site is assumed to support aquatic habitat, as the objectives for dam decommissioning
include restoration of natural functions and processes such as a functioning floodplain as well as riparian
area containing wetlands and streams (City of Trail, 2020). Based on the description provided above, and
considering recommended ecological receptor groups in accordance with BC ENV (2021b) Protocol 13,
terrestrial and aquatic ecological receptor groups that have the potential to be present in the region of the
Site include the following:

›
›
›
›
›
›
›
›
›
›

Terrestrial vegetation (e.g., grasses, shrubs and trees);
Aquatic vegetation;
Soil invertebrates;
Freshwater benthic invertebrates;
Terrestrial and aquatic birds (including herbivores, insectivores and carnivores);
Terrestrial and aquatic mammals (including herbivores, insectivores and carnivores);
Reptiles;
Amphibians;
Fish; and
Federal/provincially-listed species at-risk as individuals.

Relevant soil exposure pathways for the terrestrial ROC groups above include vegetative root uptake,
dermal contact and/or incidental ingestion. Indirect exposure may occur through uptake and accumulation
of metals in plant or animal tissue, and subsequent ingestion by wildlife. Exposure pathways for aquatic
ROCs include direct contact and ingestion of sediments, as well as indirect exposure through tissue
accumulation of COPCs and subsequent ingestion by higher trophic levels.
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2.4

Conceptual Site Model

The conceptual Site model for the human health and ecological components of the risk evaluation are
summarized in Tables 2.3 and 2.4, respectively, below. Based on the information presented previously,
Site visitors and Site workers have the potential to be exposed via direct contact exposure pathways to the
soil COPC and will be evaluated further. Exposure of both terrestrial and aquatic ecological receptors to
soil/sediment COPCs were also retained for further evaluation.
Table 2.3: Conceptual Site Model for the Human Health Risk Evaluation
Land Use

Receptor of
Concern

Site Visitors

Age Group

All

Future
Wildlands
Site Workers

Notes:
Italics

Adults

Operable Pathways
›
›
›
›
›
›

Potential for direct contact* with soil COPC
Potential for direct contact with and/or ingestion
of surface water at the Site.
Potential for indirect exposure to soil COPCs via
ingestion of edible vegetation at the Site.
Potential for direct contact* with soil COPC
Potential for direct contact with and/or ingestion
of surface water at the Site.
Potential for indirect exposure to soil COPCs via
ingestion of edible vegetation at the Site.

*.

Identified as a potentially operable exposure pathway, but not retained for further evaluation herein due to limited Site
information. The potential for cross-media exposures and potential additive risks should be considered in future evaluations.
Includes dermal contact, incidental ingestion and inhalation of soil particulate pathways.

BOLD

Exposure pathway retained for further evaluation.

Table 2.4: Conceptual Site Model for the Ecological Risk Evaluation
Land Use

Receptor Type

Exposure Pathways to COPCs

Operable Pathways
›

Vegetation, Soil
Invertebrates, Wildlife,
Species of Special
Concern

COPCs for terrestrial ecological
receptors identified in soil.
Potential for direct contact with
COPCs.

Future
Wildlands

›

›
›

Aquatic Vegetation,
Benthic Invertebrates,
Amphibians, Fish

COPCs for aquatic ecological
receptors identified in sediment.
Potential for direct contact with
COPCs.

›

›

Potential for direct contact
with soil COPCs
Potential for direct contact with
and/or ingestion of surface
water at the Site.
Potential for indirect exposure
via COPCs in food items.
Potential for direct contact
with sediment COPCs
Potential for direct contact with
and/or ingestion of surface
water at the Site.
Potential for indirect exposure
via COPCs in food items.

Notes:
Italics
Identified as a potentially operable exposure pathway, but not retained for further evaluation in this preliminary risk
evaluation. The potential for cross-media exposures and potential additive risks should be considered in future evaluations.
BOLD
Exposure pathway retained for further evaluation.
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3 Preliminary Risk Evaluation Results
3.1

Human Health

Site visitors and Site workers have the potential to be exposed via direct contact pathways to the soil COPC
(lead) at the Site and thus were retained for further evaluation. As no features that would attract visitors to
certain portions of the Site (e.g., trails, picnic areas) are currently planned in association with restoration
efforts, it was assumed that Site visitors and Site workers would move around the Site areas, and thus
would have equal opportunity to have direct contact with soils located across the entire Site. As a result,
95% UCLM concentrations were used as exposure point concentrations in the current risk evaluation, in
accordance with Health Canada (2010a) guidance. Exposure equations were also obtained from
Health Canada (2012) guidance and are provided in Appendix V.
Toxicity reference values (TRVs) represent an acceptable dose or concentration of exposure for each of
the COPCs. TRVs are developed by recognized regulatory authorities, including the US EPA,
Health Canada, CCME and ENV. As TRVs are available from multiple sources, the most appropriate toxicity
estimate was selected for each chemical based the ENV Protocol 1 (BC ENV, 2021a) TRV selection
hierarchy. TRVs identified for lead are listed in Tables AV-1 and AV-2 in Appendix V, along with detailed
results of risk estimate calculations by exposure pathway.
The TRVs for lead were presented as acceptable dose levels (for ingestion and dermal exposures), that
were derived such that exposure is unlikely to be associated with appreciable risks. Risks are expressed
as hazard quotients (HQs), obtained by dividing the estimated exposure dose/concentration by the TRV for
comparison to the BC ENV CSR risk-based standard of 1.0. No carcinogenic COPCs were identified,
therefore carcinogenic risks were not evaluated.

3.1.1

Site Visitors

Site visitors were assessed for potential risks resulting from exposure to lead identified in soil at the Site,
through direct contact (via incidental ingestion, dermal contact and inhalation of soil particulate) under the
future wildlands scenario.
Site visitors were assumed to be of any age, and to be present at the Site two days per week, year-round.
Risk estimates are provided for Site visitors (toddlers – the most sensitive receptor when considering
potential risks for non-carcinogenic COPCs) exposed to Site soils in Table 3.1, below.
Table 3.1: Summary of Risk Estimates for Site Visitors at the Site
COPC

Total HQ A
Site Soil

Lead
Notes:
Bold
A

0.38

HQ >1
HQ values calculated for a toddler

The HQ for Site visitors (toddler) were less than the BC ENV CSR non-carcinogenic risk-based standard of
1.0 for lead. Even if Site visitors were expected to be present at the Site every day of the week, all year,
the calculated risk estimate (HQ of 0.9) would be less than the CSR risk-based standard and would be
considered to be acceptable. As a result, no potentially unacceptable risks were identified for Site visitors
exposed soil at the Site.
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3.1.2

Site Workers

Similar to Site visitors, Site workers at the Site were assessed for potential risks resulting from exposure to
COPCs identified in soil through direct contact (via incidental ingestion, dermal contact and inhalation of
soil particulate) at the Site.
In contrast to the Site visitor, it was assumed that Site workers would only be adults, and that workers could
be exposed to soils up to five days per week. Risk estimates are provided for Site workers in Table 3.2,
below.
Table 3.2: Summary of Risk Estimates for Site Visitors at the Site
COPC

Total HQ
Site Soil

Lead
Notes:
Bold
A

0.1

HQ >1
HQ values calculated for an adult

The HQ for Site workers (adults) were less than the BC ENV CSR non-carcinogenic risk-based standard of
1.0 for lead. As a result, no potentially unacceptable risks were identified for Site workers exposed soil at
the Site.

3.2

Ecological Receptors

As per BC ENV guidance (2021a), the primary goal of an ecological risk assessment (ERA) is to ensure
the continued presence of a biologically diverse, functional, self-sustaining and interdependent community
or ecosystem as an essential component of the remediation of contaminated sites in BC. Protection of
ecological receptors at the population level is important for the continued existence of individual species
and the health of ecosystems as a whole. Though the primary focus of the ERA is to assess potential effects
at the community or population level, in some circumstances, such as for species of special concern,
protection at the individual level may be required.

3.2.1

Terrestrial Ecological Receptors

Terrestrial ecological ROCs have the potential to be exposed to the identified soil COPC identified in surface
soil at the Site. The only COPC identified for terrestrial ecological receptors was selenium, with a
95% UCLM of 4.5 mg/kg. In total, 12 of 20 samples collected exceeded the BC CSR Soil standard protective
of terrestrial ecological receptors (1.5 mg/kg).
While information on the derivation of this ENV standard is not available, the Canadian Council of Ministers
of the Environment (CCME) soil quality guideline for the same pathway (CCME, 2009) is slightly more
conservative (at 1 mg/kg) and provides information on the derivation which has been considered herein.
The CCME soil contact guideline for ecological receptors was calculated based on the Lowest Observed
Effect Concentration (LOEC) method; in other words, the lowest concentration of selenium at which an
effect to plants or soil invertebrates was observed was retained as the guideline. Selenium has been shown
to reduce shoot weight and biomass for several plant species at concentrations lower than those observed
at the Site (i.e., 1.5 to 2.5 mg/kg); these studies related to plant growth reflect the lowest soil concentrations
at which effects to terrestrial ecological receptors have been observed, and thus drive the determination of
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the soil quality guideline at 1 mg/kg (CCME, 2009); it is considered likely that the BC ENV has used a
similar approach in deriving their standard of 1.5 mg/kg (BC CSR Schedule 3.1 Standard). These studies
were performed in controlled laboratory settings, and most species used in the studies were crop species
(e.g., alfalfa, etc.); therefore, it is unclear how the concentrations of selenium measured in soil at the Site
would affect native species in the natural environment. The CCME also provides a guideline protective of
“soil and food ingestion” for mammalian and avian species; this guideline for selenium is 4.5 mg/kg. Since
the 95% UCLM is equivalent to this value, no unacceptable risks resulting from wildlife inadvertently
consuming soil or indirectly exposed to selenium through the food chain are anticipated.
The source of these elevated selenium concentrations is unknown at this time; these concentrations could
be attributable to background conditions at the Site or could have resulted from inputs from anthropogenic
sources. Elevated concentrations of selenium were identified in the most surficial soils, as well as those
collected at increased depth (i.e., at depths > 0.1 to 0.6 m). However, elevated concentrations of selenium
were only identified at 5 of the 10 sampling locations, primarily located at the southern most end of the
current reservoir (SED 20-04 to SED 20-08). It is recommended that additional information be gathered
and/or sampling be conducted to evaluate the potential source of selenium in Site materials to determine if
concentrations may be naturally occurring, or if further lines of evidence to support a more detailed
evaluation of potential risks to terrestrial ecological receptors is warranted.

3.2.2

Aquatic Ecological Receptors

Sediment COPCs identified to be protective of aquatic ecological receptors include arsenic, cadmium, lead,
selenium and silver. Approximately half of all samples were associated with an exceedance of at least one
of the applicable Standards / guidelines, and generally, concentrations were highest at the most surficial
depth sampled (0.0 - 0.1 m bgs). Each of the identified COPCs are considered further below, specifically
through the comparison of concentrations to sediment quality guidelines and available toxicity information
for aquatic species relevant to the Site.
Arsenic concentrations which exceeded the BC CSR sediment standard of 11 mg/kg were identified in
9 of 20 samples collected; all but one of the exceedances were identified in the most surficial sample
collected at each location. The maximum concentration reported concentration was 21.5 mg/kg, and the
95% UCLM was 12.6 mg/kg. The concentrations of arsenic, most notably the 95% UCLM, reflected minor
exceedances of the applicable sediment standards, typically by less than 2 times. CCME (1999a) also
provides freshwater sediment quality guidelines: the freshwater Interim Sediment Quality Guideline (ISQG)
is 5.9 mg/kg, and the Probable Effects Level (PEL) is 17.0 mg/kg. CCME (1999a) indicates that
concentrations below the ISQGs are rarely associated with adverse biological effects; concentrations
between the ISQGs and PELs are occasionally associated with adverse effects; and concentrations above
the PEL are frequently associated with adverse biological effects. Since measured concentrations of
arsenic at the Site are mostly less than the ISQG or between the ISQG and PEL (18 of 20 samples), it is
unlikely that arsenic in sediment would result in adverse effects to aquatic receptors at the population or
community level or to species of special concern.
Cadmium concentrations exceeded the applicable BC CSR Standard of 2.2 mg/kg in half of the samples
collected, with a maximum measured concentration of 6.96 mg/kg and a 95% UCLM concentration of
4.5 mg/kg. The reported concentrations of cadmium typically fall between the CCME ISQG (0.6 mg/kg) and
PEL (3.5 mg/kg) (CCME, 1999b); however, cadmium concentrations measured in 6 of the 20 samples were
greater than the CCME PEL. At the concentrations of cadmium measured in sediment at the Site, it is
possible that potential effects to aquatic ecological receptors could occur; however, it is noted that the
occurrence of biological effects related to cadmium in sediment is modified by a number of site-specific
factors including pH, redox potential, particle size and organic content levels (CCME, 1999b).
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Lead in sediment exceeded the BC CSR Standard protective of aquatic life in 11 of the 20 samples collected
and analyzed from the Site; similar to arsenic and cadmium, all but one of these exceedances were
identified in the most surficial sample collected at each location. The maximum measured concentration of
lead was 274 mg/kg, while the 95% UCLM was 131 mg/kg. Nine of the ten surficial sediment samples had
concentrations of lead which exceeded the CCME PEL (91.3 mg/kg) (CCME, 1999c) and, at these
concentrations, it is possible that potential effects to aquatic ecological receptors could occur; however, it
is noted that, similar to cadmium, the occurrence of biological effects is modified by a number of site-specific
factors (CCME, 1999c).
Silver concentrations marginally exceeded the BC Working Sediment Quality Guideline (SQG) in 3 of
20 samples (at 2 of 10 locations) collected, and the 95% UCLM of 0.51 mg/kg is essentially equivalent to
the BC CSR Standard of 0.5 mg/kg. As a result, silver was not further evaluated with respect to potential
risks to aquatic ecological receptors in the current risk evaluation.
Selenium concentrations exceeded the BC Working SQG of 2 mg/kg in 11 of 20 samples collected. Unlike
arsenic, cadmium and lead, selenium was found at elevated concentrations in deeper samples (in addition
to surficial samples) at 5 of the 10 sampling locations. The maximum measured selenium concentration
was 12.6 mg/kg, and the 95% UCLM was 4.5 mg/kg. The BC Working SQG is based on a weight of
evidence evaluation, which selected the lowest published toxicity threshold as the guideline and did not
incorporate the application of an uncertainty factor into the derivation of the guideline (BC MoE, 2014). The
concentrations of selenium in exceedance of the SQG at the Site are typically associated with some level
of effect and/or reflect the potential for bioaccumulation in aquatic biota (BC MoE, 2014). However, as
stated in Section 3.2.1, the source of selenium and/or whether these elevated concentrations of selenium
are naturally occurring is currently unclear, and an assessment of local background concentrations is
recommended for consideration in a future risk evaluation.
Metal concentrations in media have been extensively sampled and evaluated within the regional area
adjacent to the Site, referred to as the Area of Interest (AOI), as this area is related to historical Teck smelter
operations in the City and associated aerial deposition of metals (including cadmium and lead) related to
historical emissions. These evaluations include assessments of potentially impacted wetlands, as well as
results of sediment sampling conducted at reference wetlands. Available reporting and information
associated with local and regional sites should be reviewed to support the determination of the source of
identified elevated concentrations of metals at the Site, and whether they represent naturally occurring
background levels or if they are likely to have resulted from anthropogenic sources.
Furthermore, extensive investigations into the potential risks to aquatic ecological receptors and the
function of wetland habitats in the AOI associated with historical smelter operations have been completed,
where elevated metals concentrations (including cadmium and lead) have been identified in environmental
media, including sediment. It is recommended that these assessments be obtained and reviewed to
determine whether the concentrations identified in Site material would be likely to affect aquatic receptors
in wetland or other aquatic habitats.
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4 Conclusions and Identified Data Gaps
4.1

Human Health

No unacceptable risks were identified for Site visitors or Site workers exposed to lead in soil/sediment at
the Site under the post-restoration conditions. For Site visitors, risk estimates were generated assuming an
exposure frequency of two days per week as it is considered unlikely that the Site would be used by a visitor
on a more frequent basis or for recreation purposes etc.; however, consideration of exposures up to seven
days per week, year-round returned estimates reflecting acceptable levels of potential risk. Site workers
were assumed to be on Site five days per week. If future information becomes available that suggests a
higher exposure frequency or duration for Site visitors or workers the results of the risk evaluation should
be revisited.
Since the goal of the preliminary risk evaluation was to inform restoration decision-making regarding the
use of existing Site materials, additional potentially operable exposure pathways associated with indirect
exposure to soil COPCs and COPCs (if present) in other media types (e.g., surface water) were not included
in the current risk evaluation and should be considered in future evaluations.

4.2

Ecological Receptors

Site materials located in the northern portion of the Site (SED 20-01, 20-02, 20-03, 20-09 and 20-10) would
be suitable for use as soils to support future terrestrial habitat at the Site. It is possible that the elevated
concentrations of selenium identified in soils at the southern portion of the Site (SED20-04 to SED20-08)
could result in potential risks that may require management associated with terrestrial ecological receptors,
specifically to future vegetation, as selenium concentrations at similar levels in soils have been reported to
affect plant growth for select species. However, additional information on the source of the elevated
selenium in soil at the Site, and whether it is naturally occurring in the local area, should be considered in
the determination of potential risks to future terrestrial vegetation at the Site. If concentrations of selenium
in soils in adjacent areas, which appear to successfully support terrestrial vegetation at the
population/community level, are similar, it would be unlikely that selenium in soil at the Site would adversely
affect future terrestrial vegetation. If soils in adjacent forested areas do not reflect elevated levels of
selenium, toxicity testing for relevant plant species could be performed to identify the potential for Site soils
to result in adverse effects to vegetation growth.
Concentrations of cadmium, lead and selenium at the Site have the potential to result adversely affect
aquatic ecological receptors if these materials were to be used as sediments in future constructed wetland
or stream habitats. Elevated cadmium and lead are located almost exclusively in surficial material across
the entire Site, while elevated selenium concentrations were identified in sampling locations associated
with the southern portion of the Site (locations SED20-04 to SED20-08). The source of cadmium and lead
in surficial materials at the Site is unclear, and further evaluation into the source of these metals in the
environment should be conducted.
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4.3

Implications for Material Use and Summary of
Data Gaps

The preliminary risk evaluation relied on the limited available analytical data and general information
available to evaluate potential risks to human or ecological receptors under a future condition of the Site.
Future conditions at the Site could include both terrestrial and aquatic habitat. The results of the preliminary
risk evaluation provide indications that some materials may be suitable for use in restoration of certain
habitat types (i.e., terrestrial or aquatic), while others require further assessment. Results of the preliminary
risk evaluation include the following conclusions regarding future use of Site materials in restoration efforts:

›

No potentially unacceptable risks to human health were identified for future use of materials at the Site.

›

Material associated with northern sampling locations (SED 20-01, 20-02, 20-03, 20-09 and 20-10) at
all depths sampled is considered to be suitable for use as soils to support the restoration of terrestrial
habitat.

›

Material at depth (located at > 0.1 m to 0.5 m below grade) at northern locations (SED 20-01, 20-02,
20-03, 20-09 and 20-10) is considered to be suitable for use as sediments to support the restoration of
aquatic habitat (i.e., streams or wetland habitats).

›

There is uncertainty associated with the potential risks to ecological receptors if materials associated
with the southern portion of the Site (locations SED20-04 to SED20-08) are used as soils to support
terrestrial habitat or for use as sediments to support aquatic habitat, due to elevated levels of selenium
and the potential for effects to vegetation growth or bioaccumulation/effects in aquatic biota,
respectively.

›

There is uncertainty associated with the potential risks to aquatic receptors if surficial materials
(typically located at depths < 0.1 to 0.5 m below grade) located anywhere at the Site are used as
sediments in habitats constructed to support aquatic life, due to elevated concentrations of cadmium
and lead.

Data gaps have been identified throughout this preliminary risk evaluation, and are summarized below
along with recommendations for potential future action items to reduce uncertainty associated with the
above stated conclusions:
1: An assessment of background concentrations in the local area/region is recommended to determine if
elevated concentrations of metals identified at the Site are naturally occurring or are the result of
anthropogenic sources.
−

A background concentration assessment for the Site is recommended and could be achieved by
reviewing available analytical data for soils and sediments in the local area and/or conducting
additional sampling of areas adjacent to the reservoir (i.e., in the adjacent forested lands), to
determine if any of the identified COPCs are naturally elevated in the area. This information can
also be used to determine if elevated concentrations of selenium were noted in soils of adjacent
areas, which support healthy and successful terrestrial habitat and biota.
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2: Further evaluation of potential risks to aquatic receptors resulting from cadmium, lead and selenium in
future sediments.
−

A more extensive review of available aquatic toxicological information for cadmium and lead in
sediments is recommended, with a focus on reviewing available reports from the region regarding
potential risks or effects to aquatic ecological receptors associated with impacted wetlands within
the adjacent AOI.

3: Based on the results of 1 and 2 above evaluate the need for further assessment of Site materials and
their potential to result in toxicity to terrestrial or aquatic biota through direct toxicity testing with relevant
species.
−

If selenium is not identified as naturally occurring in the area, or if there is a desire to use surficial
materials as sediments to support aquatic habitats (and the literature review in Step 2 results in the
identification for potential risks to aquatic biota associated with this use), direct toxicity testing of
Site materials as soil with relevant vegetation and/or as sediment with relevant benthic
invertebrates or other aquatic species, could be performed to further evaluate potential toxicity.

Once data gaps have been addressed, it is likely that the Site materials can be managed on-Site for
inclusion in restoration efforts. The use of Site materials for restoration of terrestrial and/or aquatic habitats
should be prescribed through the development and implementation of a soil/sediment management plan.
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5 Notice to Reader
This report has been prepared and the work referred to in this report have been undertaken by
SNC-Lavalin Inc. (SNC-Lavalin) for the exclusive use of The City of Trail (the City), who has been party to
the development of the scope of work and understands its limitations. The methodology, findings,
conclusions and recommendations in this report are based solely upon the scope of work and subject to
the time and budgetary considerations described in the proposal and/or contract pursuant to which this
report was issued. Any use, reliance on, or decision made by a third party based on this report is the sole
responsibility of such third party. SNC-Lavalin accepts no liability or responsibility for any damages that
may be suffered or incurred by any third party as a result of the use of, reliance on, or any decision made
based on this report.
The findings, conclusions and recommendations in this report (i) have been developed in a manner
consistent with the level of skill normally exercised by professionals currently practicing under similar
conditions in the area, and (ii) reflect SNC-Lavalin’s best judgment based on information available at the
time of preparation of this report. No other warranties, either expressed or implied, are made as to the
professional services provided under the terms of our original contract and included in this report. The
findings and conclusions contained in this report are valid only as of the date of this report and may be
based, in part, upon information provided by others. If any of the information is inaccurate, new information
is discovered, site conditions change or standards are amended, modifications to this report may be
necessary. The results of this assessment should in no way be construed as a warranty that the subject
site is free from any and all environmental impact.
Any soil and rock descriptions in this report and associated logs have been made with the intent of providing
general information on the subsurface conditions of the site. This information should not be used as
geotechnical data for any purpose unless specifically addressed in the text of this report. Groundwater
conditions described in this report refer only to those observed at the location and time of observation noted
in the report.
This report must be read as a whole, as sections taken out of context may be misleading. If discrepancies
occur between the preliminary (draft) and final version of this report, it is the final version that takes
precedence. Nothing in this report is intended to constitute or provide a legal opinion.
The contents of this report are confidential and proprietary. Other than by the City, copying or distribution
of this report or use of or reliance on the information contained herein, in whole or in part, is not permitted
without the express written permission of the City and SNC-Lavalin.
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Drawings
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677856-001 – Location of Cambridge Reservoir and Violin Lake
677856-002 – Sample Locations and Comparison of Metal Concentrations to CSR Fresh Water
Sediment Standards
677856-003 – Sample locations and Results for Metals compared to CSR surface Soil Wildlands –
Reverted
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Appendix III
COPC Screening Tables

Preliminary Human Health and Ecological Risk Evaluation
City of Trail

COPC Screening Tables
Table III-1: Identification of COPCs – Future Wildlands Scenario Soil
Preliminary
COPC

Maximum
(mg/kg)

95% UCLM
(mg/kg)

COPC WL Screening Standard
(mg/kg)
Human Health A

Retained as a Final COPC for

Terrestrial
Ecological B

Human
Health

Terrestrial
Ecological

Soil (≤ 1 m bgs)
Aluminum

29,900

15,750

40,000

NS

No

No C

Antimony

6.39

3.15

500

20

No

No

Arsenic

21.5

12.63

40

25

No

No

Barium

545

235.3

15,000

700

No

No

Beryllium

0.76

0.427

150

150

No

No

Boron

4.1

2.95

15,000

NS

No

No C

Cadmium

6.96

4.53

40

30

No

No

Chromium

130

50.91

250

200

No

No

Cobalt

22.8

8.75

25

45

No

No

Copper

63.5

46.67

7,500

150

No

No

Iron

45,500

18,880

35,000

pH > 5

No

No

Lead

274

131.1

120

550

Yes

No

Lithium

22.2

11.08

65

NS

No

No C

Manganese

869

309.9

10,000

2,000

No

No

Mercury

0.236

0.15

25

40

No

No

Molybdenum

27.7

12.79

400

80

No

No

Nickel

87.4

21.27

900

150

No

No

Selenium

12.6

4.46

400

1.5

No

Yes

Silver

0.58

0.51

400

20

No

No

Strontium

337

181

20,000

NS

No

No C

Thallium

0.25

0.18

NS E

9

No

No

Tin

2.11

0.89

50,000

50

No

No

Tungsten

1.36

0.83

25

NS

No

No C

Uranium

242

73.6

250

500

No

No
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Table III-1 (Cont’d): Identification of COPCs – Future Wildlands Scenario Soil
Preliminary
COPC

Maximum
(mg/kg)

95% UCLM
(mg/kg)

Vanadium

80.5

Zinc

299

Notes:
Bold
NS
WL
A

B

C

D

E

COPC WL Screening Standard
(mg/kg)

Retained as a Final COPC for

Human Health A

Terrestrial
Ecological B

Human
Health

Terrestrial
Ecological

49.23

400

150

No

No

159.6

25,000

450

No

No

Retained as COPC for risk evaluation
No standard available
Wildlands reverted land use
BC ENV CSR Schedule 3.1 – Part 1 Matrix Numerical Soil Standard for Human Health Protection, Intake of Contaminated
Soil, or Part 2 Generic Numerical Soil Standards to Protect Human Health (if no Part 1 Standard is available).
BC ENV CSR Schedule 3.1 – Part 1 Matrix Numerical Soil Standard for Environmental Protection, Toxicity to Soil
Invertebrates and Plants or Part 2 Generic Numerical Soil Standards to Protect Ecological Health (if no Part 1 Standard is
available).
No standard available. As the metal concentration was below the standards protective of human health, the parameter was
not retained for terrestrial ecological receptors.
US EPA interim SSL for iron (US EPA, 2003) indicates that iron is unlikely to be toxic to plants in aerated soils between
pH 5 and 8. Because the pH of soil is between 5 and 8, iron was not retained as a final COPC for ecological receptors.
No BC CSR Standard protective of human health is available for thallium. While a provisional soil quality guideline for the
protection of human health is available from the CCME, no updated TRV is available for this metal. Since human health
risks resulting from exposure to thallium are unlikely to drive remedial decision-making, thallium was not retained as a COPC
for human health.

Table III-2: Identification of COPCs – Future Wildlands Scenario Sediment
Preliminary
COPC

Maximum
(mg/kg)

95% ULCM
(mg/kg)

COPC WL Screening
Standard (mg/kg)

Retained as a Final
COPC for

Aquatic Ecological A

Aquatic Ecological

Sediment
Aluminum

29,900

15,750

NS

No B

Antimony

6.39

3.15

NS

No B

Arsenic

21.5

12.63

11

Yes

Barium

545

235.3

NS

No B

Beryllium

0.76

0.427

NS

No B

Boron

4.1

2.95

NS

No B

Cadmium

6.96

4.53

2.2

Yes

Chromium

130

50.91

56

No

Cobalt

22.8

8.75

50

Copper

63.5

46.67

120

Iron

45,500

18,880

Lead

274

131.1

57

Yes

Lithium

22.2

11.08

NS

No B
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Table III-2 (Cont’d): Identification of COPCs – Future Wildlands Scenario Sediment

A

C

D
E

Retained as a Final
COPC for

Aquatic Ecological A

Aquatic Ecological

Maximum
(mg/kg)

95% ULCM
(mg/kg)

Manganese

869

309.9

460

Mercury

0.236

0.15

0.3

No

Molybdenum

27.7

12.79

25

D

No

Nickel

87.4

21.27

16

D

No

Selenium

12.6

Silver

D

No

4.46

2

E

Yes

0.58

0.51

0.5

Yes

Strontium

337

181

NS

No B

Thallium

0.25

0.18

NS

No B

Tin

2.11

0.89

NS

No B

Tungsten

1.36

0.83

NS

No B

Uranium

242

73.6

NS

No B

Vanadium

80.5

49.23

NS

No B

Zinc

299

159.6

200

No

Notes:
Bold
NS
WL
B

COPC WL Screening
Standard (mg/kg)

Preliminary
COPC

Retained as COPC for risk evaluation
No standard available
Wildlands reverted land use
BC ENV CSR Schedule 3.4 – Generic Numerical Sediment Standards, Freshwater Sediment Standard for Sensitive Use
No standard available. As the metal identified as a COPC for terrestrial ecological receptors in soil, the parameter was not
retained for aquatic ecological receptors in sediment
Obtained from RAIS (2021). US EPA Region III Biological Technical Assistance Group Freshwater Sediment Screening
Benchmark
BC Working Sediment Quality Guideline
BC Ambient Working Sediment Quality Guideline
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Appendix IV
Receptor and Exposure Characteristics

Preliminary Human Health and Ecological Risk Evaluation
City of Trail

Receptor and Exposure Characteristics
Table IV-1: Assumed Receptor Characteristics for Toddlers and Adults
Receptor
Characteristics

Toddler
(Site Visitor)

Adult
(Site Visitor)

Adult
(Site Worker)

Age

7 months – 4 years

≥ 20 years

≥ 20 years

Body weight

16.5 kg

70.7 kg

70.7 kg

Soil ingestion rate

0.08 g/day

0.02 g/day

0.1 g/day

Inhalation rate

0.35

m3/hour

0.69

m3/hour

1.4 m3/hour

Exposed dermal
surface area

Hands: 0.043 m2
Arms and legs: 0.258 m2

Hands: 0.089 m2
Arms and legs: 0.822 m2

Hands: 0.089 m2
Arms and legs: 0.25 m2a

Soil to skin
adherence factor

Hands: 1 g/m2
Other body parts: 0.1 g/m2

Hands: 1 g/m2
Other body parts: 0.1 g/m2

Hands: 10 g/m2
Other body parts: 1 g/m2

Notes:
In accordance with Health Canada (2012).
a
Exposure dermal surface area assumes that Site workers will be wearing full length pants, likely in accordance with health and
safety regulations.

Table IV-2: Receptor Exposure Duration and Frequency at the Site
Parameter

Time Spent at Lower Workings of the Site
Site Visitor

Site Worker

Hours per day

8

10

Days per week

2

5

Weeks per year

52

52

Total years exposed
Life expectancy

yearsa

35

35 yearsa

80 yearsa

80 yearsa

Notes:
Based on Health Canada (2012).
a

Adult exposure assumed to occur over lifetime (80 years) rather than duration of life-stage (60 yrs) for the assessment of
carcinogens. Total years exposed and life expectancy only considered when evaluating exposure to carcinogens.
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Appendix V
Exposure Equations for the Human Health Risk Evaluation
and Detailed Risk Estimate Results

Preliminary Human Health and Ecological Risk Evaluation
City of Trail

Exposure Equations for the Human Health
Risk Evaluation and Detailed Risk Estimate
Results
V.1 Exposure Intake Equations
Details on the exposure equations for each exposure pathway considered in the human health risk
evaluation are provided below.

Incidental Ingestion of Soil
Incidental soil ingestion exposures were estimated according to the following Health Canada (2012)
equation:

𝐸𝐸𝐸𝐸𝐸𝐸 =

Where:
EIG
CS
IRS
RAFORAL
D2
D3
D4
BW
LE

=
=
=
=
=
=
=
=
=

𝐶𝐶𝑠𝑠 × 𝐼𝐼𝐼𝐼𝑠𝑠 × 𝑅𝑅𝑅𝑅𝑅𝑅𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 × 𝐷𝐷2 × 𝐷𝐷3 × 𝐷𝐷4
𝐵𝐵𝐵𝐵 × 𝐿𝐿𝐿𝐿

exposure from the soil ingestion pathway (µg/kg body weight[bw]/day)
soil chemical concentration (µg/g)
soil ingestion rate of person (g/day)
relative absorption factor from gastrointestinal tract (unitless, chemical-specific)
days per week exposed/7 days (unitless)
weeks per year exposed/52 weeks (unitless)
total years exposed (carcinogenic exposures only)
body weight of person (kg)
life expectancy (years) (carcinogenic exposures only)

Dermal Contact with Soil
Dermal exposure to soil was estimated according to the following Health Canada (2012) equation:
𝐸𝐸𝐸𝐸𝐸𝐸 =

Where:
EDS
CS
SAH
SAO
SLH

[(𝐶𝐶𝑠𝑠 × 𝑆𝑆𝑆𝑆𝐻𝐻 × 𝑆𝑆𝑆𝑆𝐻𝐻 ) + (𝐶𝐶𝑠𝑠 × 𝑆𝑆𝑆𝑆𝑜𝑜 × 𝑆𝑆𝑆𝑆𝑜𝑜 )] × 𝑅𝑅𝑅𝑅𝑅𝑅𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 × 𝐷𝐷2 × 𝐷𝐷3 × 𝐷𝐷4
𝐵𝐵𝐵𝐵 × 𝐿𝐿𝐿𝐿

=
=
=
=
=

exposure from the dermal pathway for soils (µg/kg bw/day)
soil chemical concentration (µg/g)
surface area of hands exposed for soil loading (cm2)
surface area exposed other than hands (cm2)
soil loading rate to exposed skin of hands (g/cm2/event)
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SLO
RAFDERM
D2
D3
D4
BW
LE

=
=
=
=
=
=
=

soil loading rate to exposed skin other than hands (g/cm2/event)
relative dermal absorption factor (unitless, chemical-specific)
days per week exposed/7 days (unitless)
weeks per year exposed/52 weeks (unitless)
total years exposed (carcinogenic exposures only)
body weight of person (kg)
life expectancy (years) (carcinogenic exposures only)

Inhalation of Soil Particulate
Human receptors exposed at grade may inhale soil particulate (dust) originating from surface soils. The
inhalation of soil particulate was evaluated through the calculation of a COPC concentration (µg/m3) for
COPCs where suitable inhalation-specific TRVs were identified. Inhalation of soil particulates was
determined as a dose (µg/kg bw/d) for COPCs without inhalation-specific TRVs.
As per Health Canada guidance (2012), an inhalable soil particulate concentration of 0.76 µg/m3 was
assumed for all exposure scenarios involving Site visitors, and 250 µg/m3 was assumed for Site workers,
as workers may be exposed to higher dust concentrations due to the nature of their work and use of dirt
roadways. Soil particulate inhalation exposure was estimated as per the following equation (Health Canada,
2012):
𝐸𝐸𝐸𝐸𝐸𝐸 =

Where:
EID

=

CS
PAir
IRA
RAFINH
D1
D2
D3
D4
BW
LE

=
=
=
=
=
=
=
=
=
=

𝐶𝐶𝑠𝑠 × 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 × 𝐼𝐼𝐼𝐼𝐴𝐴 × 𝑅𝑅𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼𝐼𝐼 × 𝐷𝐷1 × 𝐷𝐷2 × 𝐷𝐷3 × 𝐷𝐷4
𝐵𝐵𝐵𝐵 × 𝐿𝐿𝐿𝐿

exposure from the dust inhalation pathway for soil (µg/kg bw/d [dose] or µg/m3
[concentration])
soil chemical concentration (µg/g)
particulate concentration in air (g/m3)
inhalation rate (m3/day) (only used for evaluating particulate inhalation as a dose)
relative absorption factor by inhalation (unitless, chemical-specific)
hours per day exposed/24 hours (unitless)
days per week exposed/7 days (unitless)
weeks per year exposed/52 weeks (unitless)
total years exposed (carcinogenic exposures only)
body weight (kg) (only used for evaluating particulate inhalation as a dose)
life expectancy (years) (carcinogenic exposures only)

V.2 Detailed Risk Calculations
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TABLE AV-1. Risk Estimates for a Site Visitor (Toddler)
(Based on 95% UCLM Soil/Sediment Concentration)

Metals
Lead

SNC-LAVALIN INC.

Soil
Concentration
µg/g

HQ
Soil Ingestion

HQ
Soil Dermal

HQ
Soil Dust
Inhalation

HQ
All Routes

131.1

2.6E-01

1.6E-03

8.0E-06

2.59E-01

2021-04-09

Page 1 of 1

TABLE AV-2. Risk Estimates for a Site Worker
(Based on 95% UCLM Soil/Sediment Concentrations)

Metals
Lead

SNC-LAVALIN INC.

Soil
Concentration
µg/g

HQ
Soil Ingestion

HQ
Soil Dermal

HQ
Soil Dust
Inhalation

HQ
All Routes

131.1

8.7E-02

7.0E-03

3.6E-03

9.71E-02

2021-04-09

Page 1 of 1
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