17 August 2016

FINAL REPORT

Kingston Inner Harbour—Risk
Assessment Refinement and
Synthesis

Submitted to:

Department of Public Works and Government Services Canada
11th Floor

4900 Yonge St.

Toronto, ON M2N 6A6

Report Number: 1416134-004-R-Rev1
Distribution:

2 Copies - PWGSC
1 Copy - Golder Associates Ltd.

Golder

¥ Associates




KINGSTON INNER HARBOUR RISK ASSESSMENT REFINEMENT

Study Limitations

This document provides a refinement and synthesis of risk assessment information compiled for the
Kingston Inner Harbour water lots. The report combines investigations and interpretations by multiple parties—
including Golder Associates Ltd. (Golder)—both in terms of characterizing the spatial extent and magnitude of
contamination and in characterizing the effects of contaminants to organisms. The objectives of this report are to
provide an integration and overview of the collective technical findings, update previous interpretations based on
feedback from Federal Contaminated Sites Action Plan (FCSAP) Expert Support departments, and render
conclusions on overall risk for multiple management units within Kingston Inner Harbour.

The report includes data and information collected during investigations conducted by Golder Associates Ltd.
(Golder) personnel and their subcontractors/subconsultants; these investigations have included supplemental
sediment quality assessments, data gap assessments, source evaluations, coring studies, and targeted technical
research in the field of aquatic health assessment, as described in this report. The report also includes compilations
of environmental data by other parties, including the Royal Military College, Environmental Sciences Group (RMC-
ESG). In evaluating the data, we have relied in good faith on information provided by the
subcontractors/subconsultants and other site investigators. Quality assurance procedures were applied to improve
data quality but these cannot guarantee accuracy of all data. For the purpose of this study, we assume that the
information provided by others is factual and accurate. We accept no responsibility for any deficiency,
misstatement or inaccuracy contained in this report as a result of omissions, misinterpretations, or errors
committed by others. Assessment has been made using the results of discrete chemical analyses and bioassays
from discrete sampling times and sample media, and therefore, results cannot necessarily be extrapolated to all
times or sample media. Additional study can reduce the inherent uncertainties associated with this type of study.

Golder makes no warranty, expressed or implied, and assumes no liability with respect to the use of the information
contained in this report at the subject site, or any other site, for other than its intended purpose. The findings and
conclusions documented in this report have been prepared for the exclusive use of the federal site custodians and
administrators (Public Works and Government Services Canada, Transport Canada, and Parks Canada). The
report findings have been developed in a manner consistent with that level of care normally exercised by
environmental professionals currently practising under similar conditions in the jurisdiction and in accordance with
our quality assurance program. Any use that a third party makes of this report, or any reliance on, or decisions to
be made based on it, are the responsibility of such third parties. Golder accepts no responsibility for damages, if
any, suffered by any third party as a result of decisions made or action based on this report. We disclaim
responsibility for consequential financial effects on site management, or requirements for follow-up actions and
costs.

The content of this report is based on our present understanding of site conditions, the assumptions stated in this
report, and our professional judgment in light of such information at the time of this report. This report provides
professional opinion and, therefore, no warranty is expressed, implied, or made as to the conclusions, advice and
recommendations offered in this report. This report does not provide a legal opinion regarding compliance with
applicable laws or regulations. With respect to regulatory compliance issues, regulatory statutes and the
interpretation of regulatory statutes are subject to change. If new information is discovered during future work,
including dredging, sediment boring, or other investigations, Golder should be requested to re-evaluate the
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conclusions of this report and to provide amendments, as required, prior to any reliance upon the information
presented herein.

The Client acknowledges that electronic media is susceptible to unauthorized modification, deterioration and
incompatibility and therefore the Client cannot rely upon the electronic media versions of Golder’s report or other
work products.
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ABBREVIATIONS
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=
17 August 2016 ?Golder

Report No. 1416134-004-R-Rev1 viii Associates



KINGSTON INNER HARBOUR RISK ASSESSMENT REFINEMENT

ILCR
IRIS
ISQG
KIH
KOH
LAET
LEL
LOAEL
LOEC
MATC
MDL

N/A
NEL
NOAA
NOAEL
NOEC
oM
OMOE
PAH
Pb

PC
PCB
PEL
PQA
PQRA
PSDDA
PSQG
RAF
RC

RfD
RFP
RIVM
RMC-ESG
RSL
SAR
Sb
SEC
SEL
SeQO
SIR-300
SQG
SQT

incremental lifetime cancer risk

Integrated Risk Information System (US EPA)
Interim Sediment Quality Guideline

Kingston Inner Harbour

Kingston Outer Harbour

lowest adverse effect threshold

lowest effect level

lowest-observed adverse effect level

lowest observed effect concentration
maximum acceptable toxicant concentration
method detection limit

north

not applicable

no-effect level

National Oceanographic and Atmospheric Administration
no-observed adverse effect level
no-observed-effect concentration

Orchard Street Marsh (management unit)
Ontario Ministry of Environment

polycyclic aromatic hydrocarbon

lead

Parks Canada

polychlorinated biphenyl

Probable Effect Level

Preliminary Quantitative Assessment (per COA Framework)
Preliminary Quantitative Risk Assessment
Puget Sound Dredge and Disposal Analysis
Provincial Sediment Quality Guidelines
relative absorption factor

Rowing Club (management unit)

reference dose

Request for Proposal

Netherlands National Institute for Public Health and the Environment
Royal Military College, Environmental Sciences Group
Regional Screening Levels

Species at Risk

antimony

sediment effect concentration

Severe Effect Level

sediment quality objective

sodium form chelating weak acid cation resin
sediment quality guideline

Sediment Quality Triad
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TBT tributyltin
TC Transport Canada
TDI tolerable daily intake
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TIE toxicity identification evaluation
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TRV toxicity reference value
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US EPA United States Environmental Protection Agency
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1.0 INTRODUCTION

This document provides a refinement and synthesis of risk assessment information compiled for the
Kingston Inner Harbour (KIH). It is being prepared in response to the Public Works and Government Services
(PWGSC) Request for Proposal (RFP) No. EQ447-151193/A, and addresses the scope provided in the Annex A:
Statement of Work—Risk Assessment Refinement for the Kingston Inner Harbour, Transport Canada and Parks
Canada Waterlot, Kingston, Ontario, dated 26 September 2014.

Overall the last decade, a wealth of information has been collected in KIH, both in terms of characterizing the
spatial extent and magnitude of contamination and in characterizing the effects of contaminants to organisms.
Multiple rounds of field studies and desktop evaluations of risks to humans and aquatic life have been conducted.
These studies have been reviewed at milestone reporting stages by the Federal Contaminated Sites Action Plan
(FCSAP) Expert Support departments, which provide oversight of the technical competency of environmental
investigations. Most of the investigations have followed the Canada-Ontario Decision-Making Framework for
assessment of Great Lakes Contaminated Sediment (COA Framework; Environment Canada and Ontario Ministry
of the Environment [OMOE] 2008) that uses an ecosystem approach to sediment assessment; this framework is
intended to standardize the decision-making process while also being flexible enough to account for site specific
considerations.

1.1 Objectives

The overall objective of the work is to refine and update risk assessment findings for the KIH, including results for
water lots that are separately administered by Parks Canada and Transport Canada. The Parks Canada and
Transport Canada water lots are located in adjacent portions of KIH between Belle Island and the LaSalle
Causeway, and contamination from multiple historical sources has crossed water lot boundaries. Therefore,
coordinated assessment of these lots under both federal custodians is preferred to piecemeal evaluation, and as
such, Public Works and Government Services Canada (PWGSC) has acted as the overall coordinator of
investigations for both sets of federal properties.

Due to the size of the study area and the number of environmental investigations conducted over the last decade,
a diversity of risk assessment deliverables and data summaries has been prepared over time. For the purpose of
guiding site management, results from recent environmental investigations have now been synthesized, including
compilations of environmental data by the Royal Military College, Environmental Sciences Group (RMC-ESG) and
by Golder Associates on behalf of PWGSC. RMC-ESG has prepared several chapters following the Canada-
Ontario Decision-Making Framework, beginning with a synthesis of historical sources, and carrying through
various levels of risk assessment toward an options analysis for forthcoming site management (RMC 2014).
Concurrent with their efforts, additional investigations have been conducted on behalf of PWGSC on both the
Transport Canada and Parks Canada properties; these investigations have included supplemental sediment
quality assessments, data gap assessments, source evaluations, coring studies, and targeted technical research
in the field of aquatic health assessment (e.g., toxicity reference value derivation, evaluation of causes of bottom
fish deformities). The investigations led by RMC-ESG and Golder have been further augmented by several other
environmental research studies, including collection of biota tissue chemistry, sediment toxicity, and other
measurements of value to the risk synthesis.
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In parallel with the environmental investigations, consultation with several stakeholders has occurred, with the
purpose of summarizing the environmental condition of the Kingston Inner Harbour, providing advice on whether
management actions are warranted, and investigating the potential for funding mechanisms such as FCSAP to
implement environmental management recommendations. In the last decade, under the oversight of RMC-ESG,
the City of Kingston joined with OMOE, CFB Kingston and Rideau Renewal Inc., and other stakeholders in creating
the Cataraqui River Stakeholders Group (CRSG). Parks Canada, Transport Canada, and Environment Canada
have also participated in the CRSG workshops and discussions; however, the technical representatives under the
FCSAP process (Expert Support Departments including Department of Fisheries and Oceans, Environment
Canada, and Health Canada) have not participated as CRSG members. Accordingly, one of the stated concerns
of PWGSC, as reflected in the study objectives for this risk synthesis, is to ensure that all pertinent information is
gathered and scrutinized by Expert Support prior to making decisions on preferred management alternatives.
Accordingly, the custodial departments require a unified assessment for all KIH water lot parcels, incorporating
technical feedback from Expert Support as appropriate and considering several risk pathways that overlap the
water lot boundaries. Furthermore, the synthesis must include information from all organism types (benthic
organisms, fish, birds, mammals, herptiles, and humans).

In response to these project needs, the components of this study included the following:

m Review and response to FCSAP Expert Support comments to the RMC-ESG (2014) report “Application of
the Canada-Ontario Decision-making Framework for Contaminated Sediments in the Kingston Inner
Harbour.” The purpose of our response was not to incorporate every edit to the document package, which
remains the work product of RMC-ESG, but rather to address technical issues that substantively influence
the numerical characterization of risk (e.g., calculations of hazard quotients [HQs], partitioning into
management units) or that otherwise meaningfully influence the risk conclusions (i.e., in a manner that has
implications for remedial options analysis).

m Incorporation of feedback from Expert Support comments on the Golder (2015) draft version of this report.
Some additions, edits, and clarifications have been provided in this document version to address issues
raised from Expert Support. A separate technical memorandum has also been prepared to document the
specific responses to these questions. Appendix D includes the feedback from previous stages of Expert
Support consultation on this project.

m Consolidation and refinement of risk assessment findings (i.e., risk characterization outcomes) from multiple
investigations conducted to date. This document is intended to summarize findings from all investigators and
risk pathways.

m Identification of risk-based benchmarks in sediment, where appropriate, to assist in remedial options analysis.

m ldentification of zones of KIH sediment where multiple significant risks are present. By overlaying results for
multiple constituents and pathways in a spatially explicit manner, zones are identified that have the greatest
priority for risk management.

m Liaison with FCSAP Expert Support, both in terms of finalizing technical decision points for the risk
assessment synthesis and for the communication of findings. Liaison with FCSAP expert support was
conducted before and during the risk refinement stage, including during the finalization of the draft report.
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The above objectives are satisfied by this deliverable, which summarizes the principal findings from the risk
refinement process, including documentation of key assumptions. This document does not provide all of the raw
data and processing details, many of which are contained in RMC-ESG (2014), Golder (2011, 2012, 2013a, 2013b,
2013c, 2014).

1.2 Historical Overview

An initial challenge in the implementation of the Canada-Ontario Decision-Making (COA) Framework was the
piecemeal manner in which environmental investigations were completed. The multiple tiers of investigations,
multiple federal custodians and stakeholders, and multiple groups providing interpretative reports, initially made it
difficult to advance a clear, comprehensive, and systematic approach to risk management. Substantial effort was
expended in investigating sediment-related risks in KIH over the last decade, including detailed tools such as
laboratory toxicity testing, toxicity identification evaluation, tissue bioaccumulation assessment, and monitoring of
bottom fish deformities. In addition, multiple rounds of feedback and recommendations have been provided
through FCSAP Expert Support review, third party technical review, and stakeholder feedback (such as through
the Cataraqui River Stakeholder Group').

The main documents used to summarize the state of the KIH environment include:

m RMC-ESG publications related to their studies within KIH, which are organized in five chapters
(I through V), culminating in the Chapter V report titled “An Options Analysis of Management Scenarios for
the Kingston Inner Harbour.” The most recent iteration of the RMC-ESG Application of the Canada-Ontario
Decision-Making Framework for Contaminated Sediments in the Kingston Inner Harbour was dated February
2014 (RMC-ESG 2014).

m PWGSC sponsored a Preliminary Quantitative Assessment (PQA) and Detailed Quantitative Assessment
(DQA) of KIH following the Canada-Ontario Framework for assessing risks under the FCSAP program
(Golder 2011, 2012). These studies incorporated both technical results from RMC-ESG investigations but
also included additional studies to address information gaps. The DQA was finalized in March 2012 following
multiple rounds of site-specific investigation.

m Following the DQA, follow-up investigations for PWGSC were conducted in both the Parks Canada and
Transport Canada water lots to address information gaps identified in the DQA. These studies, conducted
primarily by Golder Associates Ltd., included a Sediment Gap Analysis for the Parks Canada property, a
literature assessment of potential causes of bottom fish deformities in KIH, a review of potential sources of
contaminants in the southwest portion of the Transport Canada water lot, and a refined sediment investigation
in the southwest portion of the Transport Canada waterlot (including surface grabs and core profiling). Golder
also provided a technical review of the RMC-ESG (2014) reporting package, intended to assist the remedial
options analysis by the custodial departments.

' The Cataraqui River Stakeholders Group (CRSG) was formed in June 2006, and led by the Environmental Sciences Group of the Royal
Military College of Canada (RMC-ESG). The CRSG includes participation of the City of Kingston, Rideau Renewal Inc., and regulatory
agencies (e.g., Ontario Ministry of the Environment, Environment Canada, Transport Canada, Parks Canada, Fisheries and Oceans Canada,
Department of National Defense). Note that FCSAP Expert Support members (from Health Canada, Environment Canada, DFO) are neither
members of the CRSG nor key stakeholders, but rather provide technical advice to federal custodians.
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FCSAP Expert Support subsequently provided three sets of detailed technical comments
(from Environment Canada, Health Canada, and Fisheries and Oceans Canada) that commented primarily
on the RMC-ESG (2014) reporting package. These comments, received in June/July 2014, are distinct from
the previous Expert Support comments on an earlier draft of the reporting package; the latter were responded
to by RMC-ESG and are included in the RMC-ESG (2014) reporting package as Attachments.

FCSAP Expert Support subsequently provided detailed technical comments (separately for each of
Environment Canada, Health Canada, and Fisheries and Oceans Canada) that commented on the Golder
(2015) draft risk synthesis reporting package. Consultation in 2015 also included a series of teleconferences
with Expert Support and some follow-up technical communications (e.g., Health Canada reviewed and
commented on draft human health risk calculations for two COPCs in August 2015). Appendix D documents
the additional written comments received by Expert Support in this regard.

In recognition of the complex background summarized above, PWGSC has prudently adopted to consolidate and
update the available information (including regulatory feedback) into a “risk assessment consolidation and
refinement step.” The latter step, the results of which are summarized herein, draws together information from
multiple adjacent water lots and synthesizes information and recommendations from multiple reporting rounds.

1.3

General Approach

Within each receptor group, FCSAP Expert Support has provided detailed commentary and recommendations for
refinements. However, some general themes were identified that influenced the overall approach to the risk
refinement, including:

Synthesis of sediment chemistry to reflect current conditions—There was a recommendation to exclude data
considered too old to reflect current surface sediment conditions, and to assess the representativeness of
data collected near the timing of the sediment dredging near Emma Martin Park circa (2004-2005).
Accordingly, the risk refinement rescreened the sediment data, to verify inclusion of all relevant PWGSC data
including recent collections not included in the RMC-ESG documentation, and to exclude results that were
considered either too dated or non-representative.

Synthesis of fish tissue chemistry to reflect current conditions—There was a recommendation to exclude data
considered too old to reflect current fish tissue concentrations. Accordingly, the risk refinement re-evaluated
biota tissue chemistry to verify inclusion of all relevant PWGSC data.

Definition of Areas of Potential Environmental Concern (APECs)—Several Expert Support comments related
to the need to define more clearly the sediment management units, both in terms of the overall study area
boundaries and the subunits within the overall study area. Accordingly, our risk refinement has provided an
updated, clear, and consistent system for labelling and referencing sediment units (i.e., management units).

Spatial averaging and characterization of effects in spatially explicit manner—several Expert Support
comments emphasized the need to consider risk outcomes more clearly linked to subunits of KIH, particularly
for wildlife (mammals/birds) and fish. Whereas the assessments have been spatially explicit in the benthic
community assessment, the mobile receptors that cross waterlot boundaries require a refined assessment of
the home ranges and habitat preferences of these organisms. In response, our risk refinement explicitly
addressed the spatial scale of exposures; the home ranges of each receptor type (including human uses)
were linked to the management units described above.
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m Consider protectiveness of selected receptor species—Several Expert Support comments focused on the
potential relevance of wildlife species not explicitly considered in the ERA. For example, muskrat and red
wing blackbird were suggested as candidate species for an assessment of nearshore species, and the
potential contribution of risks from Orchard Street marsh (via soil contact) was raised. In addition, risks to
herptiles and endangered species were raised as uncertainties in the current ERA documentation. In
response, the risk refinement has provided an evaluation of muskrats, insectivorous birds, and herptiles,
subject to the constraints of the available data.

m Consider all risk pathways—Expert Support concluded that the RMC-ESG documentation (specifically
Chapter V) prematurely emphasized certain risk pathways, while excluding others, in summarizing the overall
risk of sediment related contamination. For example, the benthic community responses and morphological
abnormalities in fish were not accounted for in the development of site-specific sediment quality objectives.
In response, the risk refinement has carried all ecological receptors through to the overall assessment, such
that risks can be compared across receptor types.

m  Exposure Point Concentrations (EPCs)—Expert Support identified that the Golder (2015) risk synthesis used
different statistical metrics to derive sediment EPCs for sediment using the Inverse Distance Weighting (IDW)
approach. For example, EPCs for the fish health assessment were calculated using 75th percentiles, whereas
calculations for the wildlife assessment used 90th percentiles, and the herptile assessment used 95th
percentiles. In response, the revised risk refinement has provided rationale (based on the level of
conservatism required in the face on uncertainty) for the metric selected for each receptor group.

In implementing the FCSAP Expert Support recommendations, it was necessary to focus on those parameters,
assumptions, and data processing decisions that most significantly influenced the outcome of the risk assessment.
Our scope did not entail a revision or recalculation of the entire risk assessment. Instead, it relied in large part on
the large repository of information (including models, parameters, and quantitative analyses) from existing
documents. For some pathways, it was necessary to revise the models to address specific concerns raised by
FCSAP Expert Support. For example, Health Canada noted that as "some comments are significant in nature and
thus may impact the interpretation of the HHRA and any decisions stemming from it." In such cases,
Expert Support groups were contacted, technical approaches discussed, and the methods revised to reflect those
discussions.

1.4 Constraints/Limitations

This report is subject to the terms and assumptions described in the general limitations section provided at the
beginning of this document. A specific limitation to the spatial depiction of risks is that the results do not account
for changes over time, under either a natural recovery scenario or under physical intervention (e.g., shoreline
development, dredging). Multiple Expert Support comments commented on the need to better understand
sediment stability prior to remedial option evaluation, and although Golder concurs with these comments, it is not
possible to assess the influence of sediment transport and redistribution within the scope of this study. Depending
on the outcome of the remedial options evaluation (including input from stakeholders) it may be necessary to
model additional exposure scenarios that would apply to a future redeveloped condition of KIH.

The scope of our study excludes the following components:

m New data collections since 2014—we relied on information in hand during the period of preparation of the
draft synthesis report, documenting significant uncertainties as appropriate.
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m RMC-ESG Deliverables—Expert Support Comments relating to the structure or content of the RMC-ESG
deliverables were not part of the study scope. Instead, the risk refinement emphasized key issues identified
by Expert Support (i.e., not a comprehensive reanalysis of the full quantitative risk assessment).

m Detailed documentation of raw data processing—Unlike a DQRA, this risk synthesis report does not provide
documentation of all data processing steps used to convert raw data (e.g., individual concentration data) from
primary data sources to summary exposure metrics. As such, readers interested in those details must consult
the source reports and associated appendices. Golder has provided numerous references to the original
sources of the data, focussing on the parameters and model assumptions that have the greatest bearing on
risk estimates.

m Risk management decisions or stakeholder input—Following the COA Framework, we have applied a
systematic approach to screening, identification of information gaps, and refinement of preliminary risk
estimates. Although input from stakeholders, including the CRSG, may ultimately influence the prioritization
of risk pathways, receptors, and preferred remedial tools, this document is restricted to a science-based
evaluation of risks.
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2.0 SITE CONTEXT
2.1  Study Area Definitions

Sediments in the Kingston Inner Harbour fall under the jurisdiction of numerous private and public parties. The
formal legal boundaries of the Transport Canada and Parks Canada water lots are shown in Figure 1. Due to the
number and complexity of water lot designations, definitions of terms are needed to provide clarity and consistency.

The first definition of interest relates to the spatial domain of the entire Kingston Inner Harbour (KIH), a study area
that includes both the Transport Canada and Parks Canada water lots and other adjacent water lots. In terms of
the formal legal definition, KIH is bounded to the north by Highway 401, which crosses the Rideau Canal; the
northern portion of the study area falls under the jurisdiction of Parks Canada. The full extent of the Parks Canada
section of KIH also includes the Great Cataraqui Marsh, as well as other sediments to the north of the mapped
region shown in Figure 1. Adjacent to Belle Island, the Great Cataraqui River flows into sediment units that fall
primarily under the jurisdiction of Transport Canada (Figure 1). The Transport Canada jurisdiction includes several
parcels (defined as Part 1 through Part 5). The downstream boundary of KIH falls near the LaSalle Causeway,
south of which the sediment bed lies in an area defined as the Kingston Outer Harbour (KOH). The KOH water lot
is being separately managed by Transport Canada.

Whereas the legal definition of KIH includes a significant area of sediment north of Belle Island, a more practical
definition of the KIH study area focusses on the subset of sediments for which significant historical sediment
contamination is present. That zone of interest consists of the region south of Belle Island and north of the LaSalle
Causeway. The area north of Belle Island, although still a part of the legal definition of KIH, is a relatively
uncontaminated zone; both Golder (2011, 2012a) and RMC-ESG (2014) have independently concluded that most
areas north of Belle Island serve as a local reference area (i.e., Upstream Reference Zone) against which the
more industrialized portion of KIH can be compared.

Rather than use complex terminology to describe the areas of greatest risk potential, we have adopted the
following nomenclature for use in this report:

m The Site—the area defined by strict legal boundaries of the Transport Canada and Parks Canada water lots
(inclusive of sediments from Highway 401 to LaSalle Causeway).

m  KIH—the section of the Great Cataraqui River that is downstream of Belle Island but upstream of the LaSalle
Causeway. This zone includes sediment parcels under the jurisdiction of Transport Canada (5 parcels), Parks
Canada (1 parcel), Department of National Defence (1 parcel), and a private lot near the Woolen Mill
(1 parcel). KIH also includes some small strips of wetted area adjacent to the Orchard Street brownfield area
and Douglas Fluhrer Park, which are upgradient of the Transport Canada western property boundary
(Figure 1).

m Zone—the totality of the aquatic environment (bed sediments, overlying water, particulate matter, biota, and
riparian area) over a defined spatial unit.

m Upstream Reference Zone—the section of the Cataraqui River downstream of Highway 401 but upstream
of Belle Island. Although this area part of the legal definition of KIH, the upstream reference zone is not
currently being considered for active risk management. Instead, the Upstream Reference Zone has provided
locations for reference sampling (e.g., sediment, fish, and benthic community) that provide a regional
background characterization against which KIH environmental quality can be assessed.
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m Transport Canada Zone—the combination of water lots TC Part 1 through TC Part 5, all of which occur
within KIH.

m Parks Canada Zone—specific to this project, the Parks Canada zone is the subset of KIH sediment located
to the west (downstream) of Belle Island. The formal legal descriptor for this parcel is Parks Canada Part 1
(Plan 13R — 13481). In this context, the zone excludes the Upstream Reference Zone, and instead refers
only to the area south of the Former Belle Landfill.

m Management Units—subsections of KIH that have been identified based on profiles of sediment quality,
proximity to upgradient sources, and riparian features. The configuration of the management units is depicted
in Figure 2. Individual management units are detailed further in Section 2.6.

m  Western KIH—the western half of KIH, which excludes the sediments within management units TC-E and
PC-N. Western KIH contains the sediments of greatest environmental concern, and includes areas of
sediment for which the DQA (Golder 2012) indicated ecological risks that may warrant active management.
Both Golder (2011, 2012a) and RMC-ESG (2014) have independently concluded that the Western KIH
domain contains the sediments of greatest priority for environmental management, whereas TC-E sediments
do not warrant consideration for physical intervention due to lower risk.

m APEC—this term is not used in this report except in reference to the RMC-ESG (2014) assessment. The
spatial boundaries for this unit were not clearly specified, and Expert Support indicated a preference for
multiple zones based on differences in contamination profiles (and receptor exposures to sediment) across
the KIH.

Due to the size of the site and complexities of adjacent land uses (including parcels owned by the
City of Kingston, multiple federal government agencies, private owners, and corporations) the overall management
of KIH sediments is a complex problem with interrelated contamination issues, and numerous historical and current
operable pathways for contamination. A summary of adjacent land uses and areas of potential environmental
concern is provided in Golder (2009). Chapter 1 of RMC (2014) also provides an excellent summary of the history
and legacy contamination sources within KIH.

The Upstream Reference Zone (or reference area) referenced in this report refers to the Parks Canada water lot
areas north of Belle Island. Additional locations such as the unnamed creek leading form the Kingscourt outfall,
Orchard Street Marsh, and the various historical industrial sites and parks neighbouring KIH are included in
Figure 1.

2.2 Upland Sources of Contamination

Upland sources of the main contaminant groups to pose a risk to environmental health include:

m Inorganic metals (particularly chromium, lead, arsenic, copper, and zinc)—These contaminants are
associated primarily with historical industrial activities along the western shoreline of KIH, such as the Davis
Tannery, Frontenac Lead Smelter, and the Woolen Mill, although other urban sources including storm water
discharges have contributed to contamination. Source control actions and targeted sediment removals have
occurred along the western shoreline, but legacy contamination remains in the waterlot (Figures 3-10).
Elevated concentrations of copper relative to sediment concentrations present within KIH were observed in
the northern portion of Anglin Bay in close proximity to the MetalCraft Marine shipyard. Copper is a common
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constituent of antifouling paints used on boat hulls. Elevated concentrations of copper observed may be
related to current and/or historical ship building/maintenance activities in the area.

m  Mercury—Mercury is present in organism tissues mainly in the organic form (methylmercury), and is
associated with discharges from industries, including historical contamination from the vicinity of the Woolen
Mill (Figure 8). Localized dredging (and upland source control) have reduced the mercury contamination
near this source area, although redistribution of mercury-contaminated sediment has occurred through most
of the shoreline management units of Western KIH.

m Nutrients—The entire Lower Cataraqui River, including the Upstream Reference Zone, contains elevated
nutrient conditions, and therefore some sediment chemistry parameters (e.g., organic carbon, nitrogen, and
phosphorus) are elevated. The KIH is a eutrophic environment.

m Organotins—Spatial profiling of tributyltin (TBT) in 2010 and 2011 (Golder 2011; 2012) indicated that
exceedances of screening criteria for TBT were only observed within portions of Anglin Bay, and not in
remaining areas of KIH. This spatial distribution is expected due to the close association of TBT contamination
with the historical usage of TBT as an antifoulant on vessel hulls. Although TBT is now a restricted substance
in antifouling paints, residual contamination of harbours can occur in areas of extensive ship moorage,
particularly where scraping or blasting of ship hulls is conducted near open water.

m Polychlorinated biphenyls (PCBs)—Contamination of sediments by PCBs have been documented in the
Parks Canada waterlot of KIH, and was historically associated with leachate from the former Belle Landfill.
Golder (2011) provides a review of pathways for this portion of the harbour, focussing on pathways to the
Parks Canada zone. However, recent sediment quality assessments have also documented widespread
sediment PCB contamination (Golder 2012, 2014), and the pattern over much of KIH is inconsistent with
landfill leachate as the primary source (Figure 11). In particular, the accumulation of elevated PCBs (above
0.5 mg/kg dw total PCB) in much of the central and south portions of KIH, without a contiguous connection
to Belle Island, indicates that other sources dominate PCB accumulate at the harbour-wide level. Two former
demolition/scrap yard properties may have also contributed to the PCBs found in the KIH sediment
(MacLatchy 2013, pers. comm.). Poor PCB handling practices may have led to the discharge of PCBs through
the storm sewer system from the Kingscourt outfall and in the vicinity of Douglas Fluhrer Park.

m Polycyclic aromatic hydrocarbons (PAHs)—Sediment PAH concentrations observed within KIH in the
vicinity of Anglin Bay and the Douglas Fluhrer Park area are likely the result of historical contamination from
a former rail yard and coal gasification plant (Golder 2013b). Although the overall contribution of sediment
PAHSs from the rail yard area is unknown, the spatial extent of contamination (Figure 12), PAH composition,
and type of industrial activity all suggest that rail yard activities played a significant role in contaminating the
adjacent water lots of KIH. Within Anglin Bay, migration of PAHs from the large deposits of weathered coal
tar historically transported via storm sewers are also expected to be responsible for the PAH concentrations
found in nearby sediments. These historical contributions are expected to represent the bulk of the observed
PAH contamination, with ongoing sources (i.e., storm water discharges, vessel traffic, hydrocarbon spills)
representing only a minor component.
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2.3 Data Sources

The RMC-ESG (2014) deliverable package provides an excellent summary of the chemistry data used by
RMC-ESG in their application of the COA Framework. However, in response to FCSAP Expert Support comments,
the underlying data sets have been revised, either to update with additional data not available to RMC-ESG at the
time of their compilation, or to remove data points that are no longer applicable to the characterization of surface
sediment quality (e.g., too dated or representing areas that have subsequently been dredged). The vast majority
of data points were included in RMC-ESG (2014); therefore, this section summarizes the refinement of data
sources used in the exposure assessment for the risk refinement.

Sediment Quality

Data from sample collections prior to 2001 were eliminated from the data set. Although the choice of 2001 as a
cut-off year is somewhat arbitrary, the inclusion of data from the last 15 years reflects the low energy environment
in Western KIH. Although small scale changes in near-surface sediment contamination occur through localized
sedimentation and sediment redistribution over time, these physical processes are offset by bioturbation of the
sediment, in which biological mixing of vertical layers diminishes the effect of vertical stratification. Furthermore,
the uncertainty inherent in the use of post-2001 data is offset by the improved spatial profiling of some
management areas made possible by the greater sample size and sampling density (particularly in the vicinity of
the rowing club). Finally, even if some constituents have been buried (or eroded) since 2001 at specific sampling
points, those constituents would likely remain in close proximity to the sampled area and would retain relevance
to the area-weighted concentration within each management zone. In response to a request from FCSAP Expert
Support, the retained data were sorted into categories reflecting the timing of collections: (a) 2010 to present; (b)
2006 to 2009; and (c) 2005 and previous. Different symbols have been used in the spatial distribution plots
(Figures 3-12) to distinguish these groups of samples.

The retained data are summarized in the following reports:
m Derry et al. 2003. PCB Source Trackdown in the Cataraqui River: 2001 Findings. Technical Memorandum;

m Benoit and Dove 2006. Polychlorinated Biphenyl Source Trackdown in the Cataraqui River—Results of the
2002 and 2003 Monitoring Programs;

m Tinney 2006. Site Investigation and Ecological Risk Assessment of Kingston Inner Harbour
(Master's Thesis);

m Benoit and Burniston 2010. Cataraqui River Project Trackdown: Follow-Up Study on Success of Remediation
Efforts in the Cataraqui River 2006;

m  Golder 2011. Implementation of the Canada-Ontario Decision-Making Framework for Assessment of Great
Lakes Contaminated Sediment—Kingston Inner Harbour, Framework Steps 4 and 5 (PQRA);

m  Golder 2012a. Implementation of the Canada-Ontario Decision-Making Framework for Assessment of Great
Lakes Contaminated Sediment Kingston Inner Harbour: Framework Step 6 (Detailed Quantitative
Assessment);

m Golder 2013. Parks Canada Water Lot Sediment Quality Update. Kingston Inner Harbour,
Kingston, Ontario;
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m RMC-ESG 2014. Application of the Canada-Ontario Decision-Making Framework for Contaminated
Sediments in the Kingston Inner Harbour; and

m Golder 2014. Transport Canada Waterlot Sediment Investigation—2013. Kingston Inner Harbour, Kingston,
Ontario.

Surface Water

All surface water data were obtained from the following source:

m RMC-ESG 2014. Application of the Canada-Ontario Decision-Making Framework for Contaminated
Sediments in the Kingston Inner Harbour.

Fish Tissue

Two substantive programs of fish bioaccumulation were used to support the fish health assessment and the human
health assessment of the fish ingestion pathway:

m RMC-ESG 2014. Application of the Canada-Ontario Decision-Making Framework for Contaminated
Sediments in the Kingston Inner Harbour; and

m  Golder 2011. Implementation of the Canada-Ontario Decision-Making Framework for Assessment of Great
Lakes Contaminated Sediment—Kingston Inner Harbour, Framework Steps 4 and 5 (PQRA).

2.4 Environmental Concentrations
2.4.1 Sediment Chemistry

Figures 3 to 12 provide spatial depictions of surface sediment (0-0.15 m) chemistry distributions for the
constituents that screened through to the DQA. The concentration data are dominated by results from 2003 to
2013, with the exception of the area adjacent to the Woolen Mill and Rowing Club. For the latter, slightly older data
from 2001 (from non-dredged areas) are required to provide adequate spatial characterization in this area.
Sediment chemistry results were screened to exclude any areas dredged in 2005 in the vicinity of the rowing club.
Sediment concentration surfaces were created using an ArcGIS Version 10.3.1 inverse-distance weighting (IDW)
procedure. The IDW interpolation method considers the concentration values of the sample points and the distance
separating them from each point (or cell). Sample points closer to the cell have a greater influence on the cell's
estimated concentration than sample points that are further away. This approach, when used with sufficient
resolution of data, provides a more reliable basis for calculation of weighted sediment exposure point
concentrations (EPCs) relative to use of simple averaging within each management units or use of Theissen
polygons?.

The contaminants shown in Figures 3 to 12 emphasized arsenic, chromium, PAHs, and, PCBs, which are primary
sediment COPCs identified for the Site (Golder 2011, RMC-ESG 2014), but also included other constituents that
have been routinely measured in KIH sediment (mercury, antimony, copper, lead, and zinc). The contaminant
distributions in the Figures have been assigned to colour categories based on increasing SQG thresholds identified
from the literature, including the federal (CCME) and provincial (OMOE) sediment quality guidelines. Screening

2 Thiessen polygons are a special case of IDW interpolation method, in which only the nearest station is used for interpolating the data.
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benchmarks considered in the categorization of data included other jurisdictions, both to fill gaps for some COPCs
and to provide a range of concentration benchmarks:

m  Wisconsin Department of Natural Resources (WDNR 2003)—Consensus-Based Sediment Quality
Guidelines;

m  Buchman (2008)—NOAA Sediment Quality Reference Tables (SQuiRT);

m Persaud et al. (1993) & OMOE (2008)—Ontario Ministry of the Environment sediment quality guidelines,
including No Effect Level (NEL), Low Effect Level (LEL), and Severe Effect Level (SEL); and

m  Michelsen (2003)—Washington Department of Ecology recommended SQGs for freshwater sediments,
including Lowest Adverse Effect Level (LAET) and Second Lowest Adverse Effect Level (2LAET).

In addition to the above benchmarks, the exposure benchmarks for PAHs and PCBs developed by Golder (2013b)
for potential risk of increased bullhead lesion prevalence have also been incorporated in the figures.

The plotting of concentration distributions (and associated colour coding) was not intended to provide a quantitative
indication of risk, as the generic SQGs do not reflect site-specific considerations that mediate the bioavailability
and toxicity of COPCs. Rather, the purpose was to convey broad spatial trends in the exposure distributions, and
to provide context for the magnitude of concentrations through comparison to conservative benchmarks for aquatic
health. This approach also facilitated the identification of data outliers (e.g., anomalously high concentrations in
the Upstream Reference Zone, which were subsequently removed from the data set to avoid bias in the calculation
of mean background concentrations).

For some COPCs, the density of data was not sufficient to support IDW smoothing across all areas, particularly
for the eastern KIH and the Upstream Reference Zone. For example, antimony and mercury sediment
concentrations in TC-E and PC-N (Figures 3 and 8) were not smoothed using IDW.

2.4.2 Water Chemistry

ESG (2014) concluded that surface water quality in the Inner Harbour generally meets the Ontario Provincial Water
Quality Objectives, and that water quality is “generally good with respect to provincial and federal guidelines”. This
conclusion was also reached by Malroz (2003). Based on this information, the aquatic and wildlife risk refinements
focused on sediment and tissue-based measures of exposure, rather than water quality parameters.

For the human health risk assessment (HHRA), the surface water quality data presented in RMC-ESG (2014)
were included in the quantification of the total ingestion pathway. Although concentrations of water-borne COPCs
were low, the process of HHRA considers combined inputs from all pathways even when most exposure is driven
by a single abiotic medium or exposure pathway. Locations of surface water collections in KIH are provided in
Figure 13. These data provided robust estimates of water-based exposure in the northern portion of KIH and the
Upstream reference Zone. For the management units in the southern portion of KIH, estimation of water exposures
required extrapolation of results from adjacent sampling areas; this uncertainty is considered acceptably low given
the relatively minor contribution of water-borne COPC exposure to total uptake.

2.4.3 Tissue Chemistry

For the ecological and human health assessments, the concentration summaries of fish tissue bioaccumulation
data presented in ESG (2014) were used. The exposure point calculations considered results of recent fish tissue
sampling by RMC-ESG and Golder, plus older studies documented in the literature.
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The RMC-ESG (2014) study emphasized a combination of historical literature compilations for KIH and a reference
site (from Scheider 2009 and Benoit and Dove 2006) and a recent program of field collections managed by RMC-
ESG. The latter entailed collections of brown bullhead, yellow perch, and northern pike in autumn 2009, both within
KIH and at a reference site located approximately 2 km up-river, adjacent to the Great Cataraqui Marsh. The data
from these programs are detailed and summarized in Appendix D of RMC-ESG (2014), and the positions of
sampling locations from these programs are summarized in Map 11l-7 of RMC-ESG (2014). Figure 16 of this report
also shows the locations from these programs, including collections since 2009 for both sportfish and juvenile fish.
The associated data within KIH provide a strong representation of the Parks Canada zone and the northern part
of the Transport Canada zone. There is also strong representation of the Upstream Reference Zone, with fish
tissue results available for multiple species, locations, and collection events for fish collected upstream of Belle
Island.

The Golder (2011) program included both whole body analysis of small fish specimens (for ecological risk
assessment) and fillet analysis of large recreational fish species (for human health assessment). These data were
collected in the central and southern parts of the Transport Canada Zone, and were intended to complement the
RMC-ESG (2014) evaluation.

2.5 Preliminary COPC Screening

RMC-ESG (2014) provides a detailed discussion of screening of sediment chemistry data, including comparison
to guidelines, and comparisons of concentrations at reference locations to those observed in KIH (i.e., statistical
analysis to determine if the mean of contaminant levels in KIH are significantly higher than the mean at reference
sites).

Inclusion of the recent Golder (Golder 2011, 2012, 2013b, 2014) field sampling results warranted additional
screening of sediment chemistry. This was necessary due in part to the sampling of KIH sediments in areas that
had not been well characterized in previous sampling events, and in part because the list of COPCs was recently
expanded to include metals and organics not evaluated by RMC-ESG (2014). For this purpose, sediment
chemistry data were compared to both the Provincial Sediment Quality Guidelines (PSQG) for the protection and
management of aquatic sediment (Ontario Ministry of Environment 2008; Persaud et al. 1993) and the Canadian
Council of Ministers of the Environment (CCME) SQGs for the protection of aquatic life (CCME 1999). The PSQGs
contain two sets of guidelines reflecting different levels of protection. The lower sediment values (the Lowest Effect
Level, or LEL) represent concentrations that can be tolerated by the majority of sediment-dwelling organisms,
whereas the higher guideline values (the severe effects level or SEL) represent concentrations likely to affect the
health of sediment-dwelling organisms. Similar levels of protection (as expressed in the guideline narratives) are
represented by the CCME interim sediment quality guideline (ISQG) and probable effects level (PEL), respectively.
For parameters requiring calculation of total concentrations (e.g., total PCBs, total PAHs) an estimated value of
one-half the limit of detection was used for individual concentration values below the method detection limit. The
upper thresholds for reference sediment concentrations were determined by adding 20% to reference sediment
concentrations (EC and OMOE 2008).

Following the COA Framework, analytes identified as meeting both of the following criteria were designated as
COPCs in sediment:

m Atleast one station in the KIH exceeded the maximum concentration observed for that analyte at reference
stations; and
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m At least one station exceeded the lower-bound sediment quality guideline (CCME ISQG or OMOE LEL), or
has the potential to biomagnify.

For some non-biomagnifying substances, sediment quality criteria were lacking. In these cases, analytes were
identified as COPCs if the maximum concentration in exposed sediments was greater than three times the
reference concentration (or corresponding analytical detection limit if non-detected).

The following subsections describe the screening results and COPC selection by analyte group.
251 Pesticides and Herbicides

A broad scan of pesticides and herbicides was conducted for a subset of sediments collected in 2010. No
detectable concentrations (greater than the MDL) were observed in samples selected for analysis of pesticides
and herbicides. In most cases the detection limit was 0.05 mg/kg dw or lower (i.e., <50 pg/kg dw). The groups of
pesticides/herbicides evaluated included: aldrin, BHC compounds (3 analytes), chlordane compounds
(3 analytes), DDD/DDE/DDT and related substances (10 analytes), dieldrin, endosulfan compounds (4 analytes),
endrin compounds (3 analytes), heptachlor, heptachlor epoxide, hexachlorobenzene, lindane, methoxychlor,
mirex, octachlorostyrene, and toxaphene. Although detection limits were not sufficiently low to definitively exclude
substances such as toxaphene or DDD/DDE/DDT, the 100% non-detection frequency observed in the 2010
sampling was consistent with other results for samples analysed for pesticides and herbicides collected within the
KIH from 2003 to 2013 (excluding areas dredged in 2005 in the vicinity of the rowing club). On this basis, pesticides
and herbicides were excluded from further evaluation.

2.5.2 Substrate and Nutrient Characteristics

Although not treated as potential toxicants related to local KIH contamination sources, several sediment quality
characteristics (percent fines, total organic carbon, nitrogen as Total Kjeldahl Nitrogen [TKN], total phosphorus,
porewater ammonia, and sulphide) were examined as part of previous sampling programs conducted by Golder
(2011, 2012, 2013b, 2014). These characteristics can be important for modifying the bioavailability and toxicity of
sediment contaminants, or for influencing benthic community structure through eutrophication. The sediment
analytical data indicated that reference stations in the Upstream Reference Zone were generally appropriate for
matching the physical characteristics of test sediments from the sampling programs.

The degree of nutrient enrichment (as indicated by the TKN parameter) was similar in both KIH and the reference
areas (reference stations bounded the range of TKN observed in exposed areas). Although it is possible that small-
scale variations in TKN (or other nutrient parameters) may influence the biological and/or toxicological responses
in KIH, the relatively flat gradient observed over the entire study area (i.e., most stations within a factor of 2 of
each other) indicated that standardization of biological data to TKN would not significantly affect the results (Golder
2011). Total phosphorus concentrations also exhibited weak spatial gradients, with the vast majority of KIH stations
intermediate between the LEL and SEL (Persaud et al. 1993). Similarly, TOC concentrations in KIH were typical
of the conditions expected for the habitats sampled (Golder 2011, 2012a). Although the 10% TOC concentration
has been identified as a SEL by Persaud et al. (1993) and OMOE (2008), this threshold was not considered to be
biologically relevant to a nutrient enriched water body for which reference levels of TOC already exceed 10%
(i.e., for most of the Upstream Reference Zone, as well as the eastern portion of KIH; Golder 2011).
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2.5.3 Metals

The screening procedures described above identified the following sediment metals/metalloids as primary COPCs:
arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc. Mercury was carried forward in the PQRA
on the basis of both sediment concentrations relative to guidelines and potential risk related to biomagnification
(i.e., conversion to the methylated form of mercury, and subsequent accumulation in organism tissues). All metals
found to exceed lower-bound SQGs were also observed to exceed 20% above reference concentrations at one or
more stations.

In addition to the primary COPCs identified for the Site (Golder 2011, RMC-ESG 2014), four metals/metalloids
(antimony, calcium, iron, and silver) were identified as secondary contaminants, indicating that there were no
CCME or Ontario provincial guidelines for these analytes, but that concentrations were elevated relative to
reference concentrations in portions of KIH:

m  Antimony—Little is known regarding the sediment toxicity of antimony; however, concentrations of antimony
in most of southern KIH exceeded the Washington Department of Ecology Lowest Adverse Effect Levels
(Michelsen 2003). Antimony concentrations in exposed sediments were heterogeneous, with no single point
source suggested by the spatial distribution (Figure 3).

m Calcium—As a macronutrient, calcium is not expected to be directly toxic, although it may be correlated with
other macronutrients (including phosphorous and nitrogen) that may exert an indirect influence via
eutrophication. Calcium concentrations were elevated by up to 5-fold relative to reference conditions (Golder
2011).

m Iron—Gradients in the spatial distribution of iron were fairly weak (Golder 2011). With the exception of a few
samples near the mouth of the creek draining Orchard Street Marsh, iron concentrations were generally close
to background levels within KIH, or were marginally elevated above background.

m Silver —Spatial gradients for silver were stronger than for other secondary COPCs, and were indicative of
increased contamination along the western shoreline of KIH. Despite the lack of CCME and Ontario SQGs
for silver, several stations within the KIH exceed the Lowest Adverse Effect Threshold (LAET) of 0.545 mg/kg
from Washington Department of Ecology (Michelsen 2003). Furthermore, silver is often used as a tracer
compound for the environmental fingerprinting of domestic and municipal wastewater discharge. The
environmental distribution of silver in sediment along the western shoreline is suggestive of influence from
the combined sewer overflows (CSOs) and other discharges along the shoreline.

2.5.4 Organic Contaminants

Concentrations of PCBs (Aroclor 1254, Aroclor 1260, and total PCBs) and PAHSs (individual PAH compounds and
as total PAHs) were identified as COPCs both on the basis of comparison to reference (i.e., greater than 20%
above reference concentrations) and based on exceedance of lower-end SQGs at KIH stations. As PCBs
(particularly the high molecular weight mixtures observed in KIH sediments) are also a potential concern with
respect to biomagnification, these chemical groups were carried forward as COPCs.

Organotins were measured in a subset of sediment samples collected in 2010 (Golder 2011). Tributyltin (TBT) is
the compound of greatest interest for environmental health, as it has been shown to elicit growth and reproductive
effects in multiple invertebrate taxa. It was not possible to conduct screening to reference (no data available) or to
Canadian SQGs (not currently available for sediment). However, Washington State, as part of the Puget Sound
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Dredge and Disposal Analysis (PSDDA) program, has promulgated a sediment guideline for TBT (0.073 mg/kg
dry weight TBT; Michelsen et al. 1996). On the basis of the exceedance of this value in Kingston Marina
(i.e., maximum measurement of 0.210 mg/kg was approximately three times the PSDDA guideline), TBT was
retained as a COPC.

255 COPCs for Human Health

The identification of sediment COPCs for human health pathways is more complicated than for aquatic life, in part
because the Canadian (i.e., Canadian Council of Ministers of the Environment [CCME] and Health Canada) and
Ontario (i.e., Ontario Ministry of the Environment [OMOE]) environmental quality guidelines and standards were
not developed specifically for protection of human health. FCSAP Expert Support, through Health Canada, also
raised a number of specific technical issues related to the screening of contaminants in the human health risk
assessment. Accordingly, a refined screening approach was used to determine the contaminants of potential
concern for human health, and was applied separately to each of the relevant media (sediment, surface water,
fish tissue).

The details of the screening procedure are presented in Section 7, and correspond to three tiers of screening:

m  Comparison of measured concentrations to health-based guidelines and standards and background sediment
concentrations;

m Elimination of substances that lack health-based guidelines but are inert or have very low toxicological
hazard, where applicable; and

m Comparison of measured concentrations to reference area concentrations, where applicable, with the 95%
UCLM used to represent KIH sediment concentrations and the 95th percentile concentration used to
represent reference conditions.

2.5.6 Summary of Sediment COPCs

Based on integration of historical and updated sediment screening steps following the COA Framework, the
following decisions were made for preliminary COPC selection. The identification of a substance as a COPC does
not imply evidence for adverse effects or health risk, but rather that the substance must be carried forward for
evaluation in the risk refinement.
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Table 1: COPCs Identified for the Refinement of the KIH Human Health and Ecological Risk Assessments

Analyte COPCs for Ecological Risk COPCs for Human H%alth Risk
Assessment Assessment
Metals/Metalloids
Aluminum No Yes
Antimony Yes Yes
Arsenic Yes Yes
Cadmium Yes No
Chromium Yes Yes?
Cobalt No Yes
Copper Yes No
Iron Yes No
Lead Yes Yes
Manganese No Yes
Mercury Yes Yes
Nickel Yes No
Silver Yes No
Vanadium No Yes
Zinc Yes No
Other trace metals No No
Organics
DDT No No
Other pesticides No No
Organotins (Tributyltin) Yes No
PAHs Yes Yes?®
Total PCBs Yes Yes
Nutrients
Calcium Yes No
Nitrogen Yes No
Phosphorus Yes No
TOC Yes No

1. Tributyltin was identified as a COPC on the basis of comparison to sediment quality guidelines from Washington State (PSDDA) rather
than reference screening.

Trivalent chromium only.

Carcinogenic PAHSs only.

Details of screening procedures are provided in Section 7.2.

~OD

In addition to bulk sediment parameters, ammonia and sulphide measurements were made in porewater samples
extracted from the bulk sediments in the laboratory. Sulphides were not detected at 0.02 mg/L in any samples,
and ammonia concentrations were within a factor of two of reference (and were sometimes lower). These results
indicate lack of sediment anoxia to a degree that would complicate the interpretation of toxicity test results between
exposed and reference locations.
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2.6 Management Units

As indicated in Section 1.3 (General Approach), a point of departure of the risk refinement, relative to the
RMC-ESG (2014) deliverable package, is the degree to which risk evaluations were made spatially explicit. This
means that separate risk conclusions for each receptor type were made based on the different conditions of
exposure encountered in each portion of KIH. The KIH is a large and complex area of sediment contamination,
with different contamination profiles found in different portions of the sediment bed, and different riparian and
habitat conditions. FCSAP Expert Support raised several concerns regarding the exposure averaging methods in
previous risk characterizations of KIH that have now been addressed through the specification of management
units.

Management units for KIH were originally developed to identify data gaps in sediment chemistry, toxicity, and
benthic invertebrate community structure prior to the implementation of the PQRA field program conducted by
Golder (2011). Although those management units were appropriate for their intended purpose, it was necessary
to revise these management units for the risk refinement. The newly defined units, as depicted in Figure 2, reflect
several considerations:

m  Waterlot boundaries reflecting different ownership/jurisdiction (e.g., Transport Canada versus Parks Canada;
federal versus private lot);

m Recent updates to our knowledge of sediment quality in KIH (e.g., changes to contaminant gradients through
addition of sampling points);

m  Aggregation of areas with similar effects (e.g., toxicity results and/or benthic community patterns, indicating
commonality in biological responses);

m  Specification of nearshore areas with increased potential for wading or other human recreational use;

m  Aggregation of areas with similar habitat and riparian features, to provide a linkage to wildlife exposures and
to discriminate shoreline areas with different potential for human use (e.g., attractiveness and accessibility to
recreational users);

m Identification of zones with a spatial scale that is relevant to home ranges of wildlife that have high site fidelity;

m A spatial scale of management units that is appropriate for the sampling resolution (i.e., sufficient coverage
of sediment quality data to calculate a reliable spatially-weighted exposure point concentration); and

m Limitations in the accuracy of dredging methodologies (i.e., management units should not have level of spatial
detail or odd shape that is impractical in terms of physical limitations of large-scale dredging programs, or
beyond the precision of a delineation program used to establish dredge cuts).

Placement of boundaries between management units considered the sediment chemistry distributions. This
separated areas with relatively clean sediment where management is not necessary (TC-E and PC-N), from those
with one or multiple COPCs where adverse effects may exist (Figure 2). The boundary definitions within the
Western KIH zone also provided aggregation of areas with similar sediment chemistry profiles:

m PC-W—Parks Canada Zone (West): Defined as near shore conditions closest to the former Belle Landfill and
exhibiting the highest concentrations of chromium, lead, PCBs, and PAHs in the Parks Canada water lot.
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PC-E—Parks Canada Zone (East): Defined as the remaining areas of the Parks Canada water lot having
lower metal, PAH and PCB concentrations relative to PC-W.

TC-OM—Near-shore management unit closest to the Orchard Street Marsh, former Davis Tannery and lead
smelter. These sediments exhibit the highest concentrations of sediment chromium observed in the Transport
Canada water lot.

TC-RC—Near-shore management unit closest to the Kingston Rowing Club. This management unit contains
sediment with high concentrations of arsenic, mercury, PAHs, and PCBs despite a localized dredging
program conducted in 2005 to remove PCB contaminated sediment. The TC-RC unit includes sediment
adjacent to Emma Martin Park, where the City of Kingston recently implemented upland source control
measures to manage soil and groundwater contamination, particularly for arsenic. Groundwater remediation
using an underground permeable reactive barrier was used to prevent additional contamination of waterlot
sediments.

WM—Privately owned water lot not managed by PC or EC. Near shore management unit closest to the
Woolen Mill with sediment concentrations of PCBs, PAHs and several metals (arsenic, lead, and mercury)
similar to those observed in the TC-RC water lot.

TC-1—North central management unit containing elevated concentrations of antimony, chromium, and PCBs,
although less heavily contaminated relative to nearshore units. Concentrations of several COPCs are low
relative to other management units in KIH (e.g., PAHSs, arsenic, lead).

TC-2A—Near-shore management unit along the northern portion of Douglas Fluhrer Park. Moderate
sediment concentrations of antimony, chromium, lead, PAHs, and PCBs, and elevated concentration of
mercury, silver, and zinc relative to other KIH management units. Contains higher concentrations of mercury
and silver compared to the neighbouring Douglas Fluhrer Park management units (TC-2B and TC-3A).

TC-2B—Central management unit immediately south of TC-1 having similar sediment concentrations to
TC-1.

TC-3A—Near-shore management unit along the central portion of Douglas Fluhrer Park. Moderate sediment
concentrations of antimony, chromium, lead, mercury, silver, PAHs, and PCBs relative to other KIH
management units

TC-3B—Central management unit immediately south of TC-2B having similar sediment concentrations to
TC-1 and TC-2B.

TC-4—Near-shore management unit along the south portion of Douglas Fluhrer Park. Moderate sediment
concentrations of antimony, chromium, lead, mercury, silver, and PCBs, and high concentration PAH
concentrations relative to other KIH management units. Contains higher concentrations of lead and PAHs
compared to the neighbouring Douglas Fluhrer Park management units (TC-2A and TC-3A).

TC-5—Southernmost central management unit immediately south of TC-3B. Sediment contaminant
concentrations are among the lowest in KIH with the exception of elevated PAH along the eastern edge of
the management unit that borders TC-AB.
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m TC-AB—Nearshore management unit that encompasses Anglin Bay. Sediment contains elevated
concentrations of PAHs and several metals including TBT, antimony, copper, and zinc believed to be related
to current and/or historical ship building/maintenance activities in the area. PAH concentration distributions
in this management unit are complex (heterogeneous), and include significant concentrations of PAHs below
the biologically active sediment layer.

In the FCSAP Expert Support review of the draft risk synthesis, the issue was raised of variability in sediment
concentrations within each management unit. Specifically, although it was recognized that division of the site into
management units has allowed for better spatial assessment and management of potential ecological risks in the
KIH, the “potential for sub-areas with possible hot spots (higher concentrations) to be missed” remains an
uncertainty. Although localized sub-areas with concentrations higher than the EPC will occur in each management
unit, there will also be sub-areas with concentrations lower than the EPC. Provided that the management units are
defined with an appropriate spatial scale (i.e., relevant to the foraging patterns and averaging of exposure
experienced by organisms over time), and with sufficient and representative data coverage, the EPC in each
management unit remains the most relevant measure of chronic exposure. For sessile organisms, such as some
benthic invertebrates, localized departures from the EPC could have a greater effect to some individuals; however,
at the community level of organization, the EPC provides a sound basis for conveying ecological risk. Furthermore,
even where highly localized hot spots exist, the ability to delineate sediment chemistry with confidence and
precision is limited, and over-specification could result in impractical configurations of management units. Finally,
even where the contaminant distributions of individual substances are precisely known, the spatial distributions of
other substances of concern are not perfectly correlated. When the causal agent(s) are not known definitively, the
risk characterization for contaminated sediments inherently includes a blending of estimated risks from multiple
substances simultaneously; in this situation there is no reliable method for quantifying risk at a highly detailed level
of spatial resolution. This issue was discussed with PWGSC, and the decision was made to retain the existing
specification of management units; this level of resolution is adequate to support broad-scale remedial options
evaluation. Once a conceptual remedial strategy is selected, it may be prudent to revisit the issue of management
unit boundaries, with confirmatory sampling conducted only in areas where the detailed remediation plan requires
increased precision.
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3.0 BENTHIC INVERTEBRATE COMMUNITY ASSESSMENT

Risks to benthic invertebrate communities have been summarized using a weight-of-evidence approach, with
conclusions rendered for each newly defined management area. Most of the applicable data and lines of evidence
were already considered in the RMC-ESG (2014) deliverable package. However, several developments warrant
a refinement of the risk characterization provided by RMC-ESG, all of which relate to Expert Support feedback:

m Some additional toxicity data has been recently collected in the Parks Canada Zone (Golder 2013a) including
sediment chemistry and toxicity tests. Furthermore, recent sediment quality investigations near Anglin Bay
have reemphasized the importance of PAH contamination in that portion of KIH, an issue that is given only
cursory attention in RMC-ESG (2014). Incorporating these additional results fulfills the Expert Support
request for a comprehensive evaluation using all existing data.

m The Options Analysis (Chapter V of the RMC-ESG deliverable package) did not formally evaluate the spatial
distribution of risk to benthic communities, nor develop sediment quality objectives (SeQOs) protective of this
receptor group. Instead, RMC-ESG relied on CRSG stakeholder consultation that, in their opinion, “affirmed
protection goals based <only> on risk to humans and upper-trophic-level receptors.” FCSAP Expert Support
has confirmed that to be consistent with the COA Framework, consideration of the magnitude and distribution
of benthic community risks and risks to fish health is required.

m The existing data must be organized with the new management units. Benthic invertebrates have very high
site fidelity relative to other receptors, and no aggregation of results across multiple units is required.
However, a risk characterization conclusion specific to each management unit is required to follow the intent
of the COA Framework.

The sediment quality triad integration procedure entailed compilation of chemistry, toxicity, and benthic community
studies conducted previously by Golder (2011, 2012, 2013a) and historical information presented in ESG (2014)
and other sources. Spatial characterization using the Sediment Quality Triad (sediment chemistry, toxicity and
benthic community structure) in accordance with the COA Framework was previously conducted on a station-
specific basis, but was refined here to assess the potential overall effects to the benthic invertebrate community
at the scale of the management units.

3.1 Management Unit Sediment Concentrations

The surface sediment inverse-distance weighting technique presented in Figures 3 to 12 was used to provide
exposure point concentrations on a unit-specific basis. First, estimates of the surface sediment concentrations for
each COPC were calculated using IDW interpolation of known concentrations at KIH sampling locations. Rather
than averaging contaminant concentrations in samples collected within a management unit, the IDW weighted
surface was divided into 5x5 metre grid units, where each unit was designated a concentration based on the
inverse-distance weighting. The average concentration of all the 5x5 m grids that compose a management unit
was then calculated. The IDW approach was considered to be preferable to simple mathematical averaging
because it accounts for the representativeness of each sampling point; because historical sampling has targeted
areas of known or suspected contamination, simple averaging would be biased toward areas of over-represented
higher-density sampling.

Average concentrations for ecologically-based COPCs are provided in Table 2. The average contaminant
concentrations in Table 2 were then assigned colour categories based on exceedances of increasing SQG
thresholds, consistent with the category definitions provided in Figures 3 to 12.
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Table 2: Kingston Inner Harbour Average Surface Sediment Concentration for COPCs using Inverse-
Distance Weighting

Manage-

rE?\?tt Area (m?) | Total PAH | Total PCB Sh As Cr Cu Pb Hg Ag Zn
PC-N 1,244,981 | 1.84 0.03 NA 2.48 67.6 318 51 NA 0.36 192
TC-E 836,167 243 0.12 NA 3.34 36.5 59 NA 0.49 141
PC-E 95,270 5.97 0.18 1.92 4.53 373 96 0.19 0.32 145
PC-W 72,956 204 0.55 2,98 6.89 674 | 252 0.34 0.64 274
TC-OM 25,527 4.68 0.19 2.18 11.02 418 129 0.46 0.59 165
TCRC [35679 [ o4  [[66 795 567 | 166 |1.33 |208 [197
WM 18,886 16.1 0.5 1.0 34.0 791 233 1.51 1.35 268
TC-1 260,987 3.45 042 1.76 6.15 43.0 112 0.34 0.59 161
TC-2A 50,720 5.15 0.38 1.23 15.36 67.2 148 1.09 2.01 363
TC-2B 82,290 3.70 0.57 2,98 6.50 55.8 117 0.35 0.88 184
TC-3A 41,283 5.16 0.53 1.05 13.37 58.5 154 0.80 1.14 220
TC-3B 30,826 3.26 0.58 1.55 5.81 46.4 100 0.31 0.71 176
TC-4 42,439 11.3 0.60 0.9 9.3 56.2 172 0.74 0.79 223
TC-5 91,852 6.16 0.22 1.47 4.61 454 79 0.22 0.50 153
TC-AB 43,687 8.59 0.31 1.97 6.61 1246 | 127 0.30 0.64 235

Notes:

Concentrations are presented in mg/kg dry weight

Colour categories based the SQG thresholds provided in Figures 3 to 12

The average concentrations of IDW-weighted COPCs in each management unit are considered to provide the
most appropriate exposure metric for evaluating risks to benthic invertebrates, once the Site is partitioned into
management units of appropriate scale. Although localized sub-areas within each unit would exhibit small-scale
variations in sediment chemistry that are above or below the average, these variations would be either small in
magnitude or reflect small-scale variability. The protection goal for benthic invertebrates is to maintain an
abundant, diverse, and productive community, particularly in terms of providing suitable food resources to higher
trophic levels. Achieving this goal does not require that all individual organisms in all sub-areas be afforded the
same level of protection.

3.2 Benthic Community COPC Refinement

The presence of chemical concentrations above sediment quality criteria is not necessarily indicative of benthic or
toxicological impairment. Rather than pooling all COPCs into a single line of evidence for sediment chemistry (as
was done previously for the PQRA and DQA prepared by Golder [2011, 2012]), the ecologically-based COPCs
were further refined to identify the chemical parameters with the greatest potential to be bioavailable and/or toxic
to invertebrates in KIH sediments.
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The importance of a sediment COPC to the evaluation of benthic community risk is a function of the magnitude
and consistency of response observed, either in the laboratory or the field, with exposure to elevated
concentrations of that COPC. COPCs were identified as priority COPCs for the chemistry line of evidence in the
assessment of biological effects if all of the following conditions were met:

m The parameter is not a nutrient. As discussed in Section 2.5.2, the KIH environment is eutrophic, with the
degree of enrichment by nitrogen, phosphorus, and organic carbon flat across the study area, reflecting
background levels of nutrient enrichment. Concentrations of that COPC exceed sediment effects benchmarks
indicative of a moderate potential for harm (i.e., upper-bound sediment quality guidelines such as PEL, LAET,
LEL, SEL) in at least one sample. Although lower-bound guidelines such as the ISQG are useful for initial
screening of sediment chemistry, the rate of false positives is high for ISQG exceedances.

m Concentrations of that COPC are elevated above benchmarks in areas with either benthic community
impairment (Figure 14) and/or sediment toxicity (Figure 15). This is the most important criterion for evaluating
the importance of individual constituents, as it reflects results of site-specific studies.

The hazard ranking conveyed in Table 2 is intended to provide neither a precise nor definitive assessment of
potential for ecological harm. Rather, it is intended to facilitate identification of the substances that are most likely
to explain variations in biological responses to benthic organisms, and for which more detailed evaluation of
potential risk is warranted. For example, it is apparent in both Table 2 and Figure 10 that the gradients in sediment
zinc concentrations are weak, and that the magnitude of toxicological hazard for zinc is low in relation to SQGs
and also relative to other COPCs. Conversely, PAHs and chromium exhibit stronger spatial gradients in exposure
and high toxicological hazard in some management units in relation to SQGs. These patterns indicate that PAHs
and chromium warrant more attention in the assessment of concentration versus biological response.

3.21 Metals

Appendix A Figure A-1 presents rank ordered metal concentrations for ecologically-based COPCs and the
associated toxicological or benthic community assessment results. There are some indications of an association
between concentrations of copper, lead, silver, and possibly zinc (relative to sediment quality criteria as presented
on the figures as dashed lines) and negative biological effects (indicated by yellow or orange bars); however, these
associations were not strong. Despite concentrations of several metals in excess of sediment quality criteria, the
distribution of sites with benthic community impairment and/or toxicological impairment suggests that the
relationship between metals concentrations and observed biological responses is weak. Because of the potential
for concentration-response relationships for copper, lead, and silver to be obscured by trends for other COPCs, it
was conservatively assumed that these metals may be contributing to the overall pattern of response and therefore
retained as priority COPCs for the sediment chemistry line of evidence.

Lack of strong association is also observed for antimony, arsenic, cadmium, iron, nickel, and chromium. For these
metals, one of the following two patterns was evident:

m metal concentrations exceed higher sediment guideline values (e.g., OMOE SELs) but do not result in
biological impairment, (i.e., arsenic and chromium); or

m impairment is observed, but occurs throughout the concentration gradient without any indication of
concentration-response (i.e., antimony, cadmium, iron, and nickel).

Neither of the above patterns is suggestive of a cause-effect mechanism.
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The apparent lack of response to elevated chromium at KIH likely results from the sediment chromium being
predominantly present in the less toxic trivalent form. Previous studies (ESG 2014, Golder 2011) have confirmed
that environmental media from KIH contain negligible to low concentrations of hexavalent chromium. This
observation is further supported by the TIE investigation conducted as part of the DQA by Golder (2012a) to
identify potential causes of sediment toxicity. The investigators concluded that neither chromium nor cationic
metals (e.g., copper, cadmium, lead, nickel, zinc) were dominant toxicants in the KIH sediments tested, despite
elevated concentrations of these substances in sediment relative to SQGs. The TIE findings and patterns of
laboratory toxicity in field-collected sediments indicate that bioavailability and/or site specific toxicological factors
limit the potential for adverse effects from exposure to sediment-associated metals.

In summary, evidence indicates that, at most, only a few metals (copper, lead, silver, and/or zinc) are indicative of
potential to adversely affect benthic communities. In spite of generic guideline exceedances, the other metals and
metalloids (antimony, arsenic, cadmium, iron, nickel, and chromium) are highly unlikely to be associated with
biological impairment in KIH sediments, and as such, these metals were not carried forward as priority COPCs for
the chemistry line of evidence in the refined Sediment Quality Triad (Section 3.4). Sediment mercury
concentrations did not demonstrate a strong relationship to benthic or toxicological impairment. Mercury was not
identified as a priority COPC for the evaluation of benthic community responses, but was separated identified as
a biomagnifying COPC for consideration in the fish health, wildlife, and human health assessments.

3.2.2 PCBs

There is neither a clear nor consistent relationship between PCB concentrations and toxicological or benthic
community effects (Appendix A Figure A-1). The TIE conducted as part of the DQA (Golder 2012) also did not
provide evidence for the contribution of PCBs to observed toxicity. Therefore PCBs were not carried forward as
priority COPCs for the chemistry line of evidence in the refined Sediment Quality Triad.

As a check on the above decision, we compared the concentrations of PCBs observed in KIH with those
documented in published studies that have evaluated the strength of causation between PCB exposure and
benthic community effects. For example, Fuchsman et al. (2006) concluded that direct effects to aquatic biota,
although relevant to PCBs, do not occur until concentrations much higher than most co-occurrence based
sediment quality guidelines. Evidence comes from several sources, including:

] Reverse-calculated sediment thresholds derived from tissue-based thresholds.

m Toxicity-based assessment (concentration-response) of sediment-associated PCBs from North American
contaminated sites.

m Field studies of benthic community structure from North American contaminated sites.

m Mechanistic models of PCB toxicity (equilibrium partitioning) for PCB mixtures of relevance to the KIH
composition (e.g., Aroclor 1254).

m Studies of spiked sediment toxicity using PCBs, which generally were consistent with EQP predictions.

We are not the first investigators to identify the disparity between generic SQGs for PCBs and the ecologically
relevant thresholds observed in site-specific risk assessments. Becker and Ginn (2008) provide a critical
assessment of SQGs of PCBs based on the original documents and databases used to develop the underlying
SQGs, as well as the original documents and data sets used to determine the predictive ability of these thresholds.

3

17 August 2016 ?Golder
Report No. 1416134-004-R-Rev1 24 Associates



KINGSTON INNER HARBOUR RISK ASSESSMENT REFINEMENT

They concluded that:

Site-specific application of the SECs [sediment effect concentrations] indicated that their
predictive ability was very low, that concentration-response relationships were not found for a
variety of test species and toxicity endpoints at PCB concentrations greater than the SECs,
and that some of the highest survival and growth values in the toxicity tests were found at PCB
concentrations considerably greater than the SECs. Based on the results of this study, we
conclude that the SECs for PCBs should be used only in the screening-level evaluations that
typically precede more direct assessments of sediment toxicity at individual study sites, and
should not be used to predict the presence of sediment toxicity. Contrary to the conclusions of
the SEC developers, the SECs do not reconcile existing SQGs, do not reflect causal effects,
and should not be used to determine the spatial extent of injury to sediment-dwelling
organisms.

Our investigation confirms the findings of Becker and Ginn (2008) and Fuschman (2006) and incorporates
additional data sets not considered by these authors, thus strengthening their findings. Our literature reviews
indicate that a more meaningful threshold for PCB effects to benthic invertebrates is 1.0 mg/kg dry weight,
representing the transition from negligible risk to low risk. The equivalent threshold on an organic-carbon
normalized basis is 30 mg/kgOC which converts to 3 mg/kg dw for sediments containing approximately 10% TOC.
The concentrations of PCBs in the KIH, although elevated in some individual samples, are not sufficiently high to
result in low-level responses to benthic invertebrates. Therefore, the decision to exclude PCBs from consideration
as priority COPCs for the chemistry line of evidence was affirmed. PCBs were not identified as a priority COPC
for the evaluation of benthic community responses, but was separated identified as a biomagnifying COPC for
consideration in the fish health, wildlife, and human health assessments.

3.2.3 PAHs

Although the statistical associations between biology and toxicity measures and PAH concentrations in sediment
do not provide definitive evidence of causation (Golder 2012), a greater occurrence of both biological and
toxicological effects has been observed in KIH sediments with elevated PAH concentrations. These responses
were observed at PAH concentrations greater than the CCME PEL (Appendix 1 Figure A-1). Furthermore, the
TIE conducted in support of the DQA (Golder 2012a) on two samples exhibiting toxicity (2011-C and 2011-A)
provided indications that PAHs were responsible for adverse responses:

m increased toxicity of the 2011-C sample associated with exposure to UV suggests that photoactivated PAHs
were present in this sample;

m theincrease in toxicity associated with UV was substantial, and provided a strong line of evidence that photo-
activated organic toxicants were present; and

m increased toxicity to Chironomus associated with treatment with SIR-300 was consistently observed using
sample 2011-C, and also occurred with sample 2011-A, suggesting the presence of a similar physico-
chemical property in both samples.

As such, PAHs were retained as priority COPCs for the sediment chemistry line of evidence. Of all the COPCs
evaluated, the evidence for causation (i.e., indication of biologically meaningful and site-specific effects directly
linked to magnitude of exposure) was greatest for this contaminant group.
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3.3 Biological Effects

Although sediment chemistry parameters provide indications of potential for harm, the most reliable indicators of
risk to benthic communities come from the site-specific studies of biological responses. Laboratory toxicity tests
indicate whether the mixtures of contaminants found at each station elicit responses to sensitive freshwater
organisms under controlled laboratory conditions. These tests account for the site-specific factors (bioavailability,
speciation, substrate conditions) that mediate the toxicity of contaminants in field sediments. The benthic
community endpoints provide direct measures of the biological attributes of interest, specifically the abundance,
diversity, and overall composition of the resident benthos. Benthic community studies are prone to high variability
due to the multitude of physical, chemical, and biological (habitat) factors that may shape the community
composition at any specific location. However, the composition of benthic communities provides a meaningful test
of whether site contaminants have exerted a significant influence on the resident biota, particularly when
comparisons are made to appropriately matched reference conditions.

Figures 14 and 15 provide graphical summaries of the biological and toxicological endpoints considered in the
integrated assessment, including:

m  Survival responses from sediment toxicity test results;

m  Growth responses from sediment toxicity test results;

m Overall pattern of whole sediment toxicity (i.e., aggregation of toxicity endpoint response);

m Total abundance of organisms (i.e., a measure of biological productivity);

m Taxonomic richness (i.e., a measure of biological variability and suitability for a broad assemblage of taxa);

m Simpson’s Index of Diversity;
m  Shannon-Wiener Index of Diversity; and
m  Overall benthic community response (i.e., aggregation of properties of the biological assemblage).

Due to differences among sampling programs (e.g., changes in reference sites, different sieving procedures for
benthic collections, changes to toxicity test protocols) it was necessary to convert endpoints to a common
“currency”. This was conducted previously for the PQRA and DQA conducted by Golder (2011, 2012) by
standardizing all responses to the most relevant reference (or control) for each study, and applying 20% and 50%
effect-based thresholds systematically to all biology and toxicity measurement endpoints, consistent with the COA
Framework decision rules.

Detailed methodologies for the categorization for benthic community impairment (Figure 14) and sediment toxicity
(Figure 15) are provided in the DQRA by Golder (2012a). The primary method used to evaluate toxicity test data
was through calculation of 20% of 50% inhibitions of endpoints relative to the mean of the reference sediment
responses. This is consistent with the COA Framework in terms of the methods used to identify minor and major
toxic responses. These assignments were also used for benthic indices and integrated using the COA Framework
decision rules similar to those applied for toxicity endpoints (i.e., “possibly different” is equivalent to “multiple
metrics exhibit minor biological responses and/or one metric exhibits a major response”).

Upon review of the draft risk synthesis report (Golder 2015), FCSAP Expert Support requested additional rationale
for the selection of the effect-size based categories (i.e., references for the benthic community and sediment
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toxicity categories applied in Figures 14 and 15). In addition to the rationale provided in EC and OMOE (2008),
support for the use of the inhibition concentration (ICx) approach, and specifically the 1C2o to discriminate between
“negligible” and “potential” risk categories, comes from the following:

m Most toxicity tests applied in the assessment of chronic toxicity only have the statistical power to effectively
detect a 20% to 30% deviation from control (Nautilus and Zajdlik 2011; Suter et al. 1995; US EPA 2013b).
Although smaller endpoint sizes are often calculable, the associated test variability results in low statistical
power, such that derived ICx estimates are uncertain. Lower effect sizes are not likely to be reliable estimates
of the effect sizes they are meant to represent. This is because as “x” becomes smaller, the confidence limits
on ICx increase and the precision of the point estimate decreases.

m  Environment Canada (2005) advises against estimating an endpoint within the acceptable range of effect in
the control(s). Beyond that point, any ICx would be suspect if it was below the lowest effect observed for the
test concentrations. Because chronic toxicity tests typically have acceptable control responses of up to 20%,
there is an increased risk of false positives when small effect thresholds are calculated.

m The US EPA has used the IC2o to represent a low level of effect in derivations of ambient water quality criteria
for freshwater aquatic life. This has been done for ammonia (US EPA 1999, 2013b) and copper (US EPA
2007). US EPA selected IC20 values to be used to estimate a low level of effect that would be statistically
different from control effects, yet not so severe as to be expected to cause chronic impacts at the population
level (US EPA 2013b).

m Ecological risk assessment guidance often recommends the use of IC2o results as a permissible level of
effect. For example, an effects level for ecological assessment endpoints lower than 20% would appear to
be acceptable based on current US EPA regulatory practice and could not reliably be confirmed by field
studies, and can therefore be considered de minimis (Suter et al. 1995).

m Mebane (2010) supports the use of an effects level of 20% for protection against unacceptable adverse
effects on populations of invertebrates. For fish, similar reductions of about 20% "in growth or first year
survival likely would be sustainable" in fish populations that are reasonably stable, where habitats were intact
and environmental conditions not otherwise severe.

3.4 Integrated Assessment

Using the information provided in Table 2, and Figures 14 and 15, it is possible to reach broad conclusions
regarding the weight of evidence for benthic community impacts in each of the sediment management units.
Sediment chemistry, toxicity and benthos alteration lines of evidence were evaluated for management units based
the COA Framework, and are summarized using the criteria specified in Table 3.

Where individual management units lacked data to determine sediment toxicity or benthos alteration (i.e., TC-3A,
PC-W and WM), the potential for toxicity or benthos alteration was interpolated from adjacent management units
with similar sediment type, and included in the line of evidence. In these cases, the assignment of potential for
sediment toxicity or benthos alteration was based on the concentration-response that was observed from adjacent
management units, especially those with similar sediment contamination and substrate type. The interpolation for
each management unit was as follows:
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Table 3: Ranking System for the Overall Effects to Benthic Invertebrates Weight of Evidence

Category
(Source)

Low
Concentrations:
Management unit
weighted average
concentration in the

Moderate
Concentrations:
Management unit
weighted average
concentration in the

High
Concentrations:
Management unit
weighted average
concentration in the
dark orange or red

Sediment blue or areen yellow or light orange cateaorv. which
Chemistry i g di N/A categories, which 9 dn{h least
(Table 2) category exceeding exceed less exceed the leas
only the most . conservative
: conservative ; :
conservative ; . sediment quality
; ; sediment quality .
sediment quality L criteria (e.g., SEL)
S criteria (e.g., PEL) S
guidelines (e.g., ; . having increased
having potential for g
1ISQG). Co potential for effects
effects on aquatic life. S
on aquatic life.
Significantly
Localized Potential Different than
Differences to Reference
Reference Potentially Different | Conditions:
Conditions: than Reference Management unit has
Negligible No adverse effects at | Conditions: one or more stations
Differences Relative | most stations. One or | One or more stations | that are significantly
to Reference: more stations are potentially different than
Benthos Benthic communities | different than different than reference stations
Alteration at all stations within reference stations, reference stations, (larger degree of
(Figure 14) | the management unit | but isolated to a small | but magnitude of impairment).
similar to reference portion of the response limited. Responses
communities (green management unit, Results considered to | considered broadly
dots). and not considered to | be representative of representative of
broadly represent the | management unitas | management unit as
benthic community a whole. a whole. May also
throughout the contain stations
management unit. classed as potentially
different.
Localized Potential:
One or more stations Significant:
exhibit potential 9 ' .
o . Management unit has
N (yellow) or significant | Potential: .
Negligible: e . one or more stations
Toxicity for all (orange) toxicity. One or more stations havina Shown
Overall tot'C y O'tl'?' th However, effects having shown Si nifigcant toxicity are
Toxicity stations wi Itn .f. isolated to small potential toxicity are reg resentative ofy
(Figure 15) management unit1s portion of a representative of P

negligible (green
dots)

management unit and
not considered to
broadly represent
conditions throughout
the management unit.

management unit as
a whole.

management unit as
a whole. May also
contain stations with
potential toxicity.
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Category
(Source)

H

No Adverse Effects:
Low to moderate

Potential Adverse
Effects:

Adverse Effects
Likely:

Overall chemistry with no Moderate to high Moderate to high
Effects to ) . : . . .

.| potential toxicity or chemistry with chemistry with
the Benthic o N/A . - C o

: potential differences potential toxicity significant toxicity
Community | : . ; : L
(Table 4) in benthic community and/or potential and/or significant

structure (may have
localized potential).

differences in benthic
community structure.

differences in benthic
community structure.

m  Woolen Mill (WM)—The benthos alteration line of evidence was inferred to be equivalent to reference based
the results observed in the management unit TC-RC which shared similar distributions of COPCs and toxicity
testing results.

m Parks Canada East (PW-W)—The benthos alteration line of evidence was inferred to have a “localized
potential” for alteration, particularly in the vicinity of the Orchard Street Marsh, based the results observed in
the adjacent management units PC-E and TC-OM, which shared similar distributions of COPCs and toxicity
testing results.

m Transport Canada (TC-3A)—The sediment toxicity endpoint was inferred to be “negligible” toxicity. This
inference was made based on the lower concentrations of contaminants observed in TC-3A compared to the
neighbouring Douglas Fluhrer Park management units (TC-2A and TC-4), and the benthic community
structure in TC-3A which was more similar to reference conditions than neighbouring management units.

The inferences made in the above bullets convey additional uncertainty relative to the stations and management
units that have data for all three SQT components. We concur with FCSAP Expert Support’s comment that
“insufficient data should not be confused with a lack of adverse effect.” However, there was a sufficient number of
toxicity and benthic community samples in the overall program that interpolation using concentration-response
information from adjacent sediment parcels is a reasonable approach to fill data gaps. Moreover, the desire to
incorporate site-specific toxicity and biological composition data in the weight of evidence for each management
units is one of the reasons why the spatial scale of management units was not further reduced (i.e., smaller units
would increase the need for interpolation of response data). Biological and toxicological evaluations using the
Sediment Quality Triad revealed that adverse responses are evident for some endpoints and management units.
Table 4 summarizes the COA Framework conclusions for the KIH benthic community weight of evidence.

The interpretations of the WOE findings have value for making broad statements regarding risks to benthic
invertebrates. However, because different lines of evidence confer different differ types of information; the patterns
of responses were evaluated in terms of consistency, evidence for causation, and degree of associated
uncertainty. A narrative summary of these findings is provided below:

m Adverse Effects Likely—Transport Canada management units TC-4 and TC-AB were identified based on
low abundance and diversity of benthic taxa (relative to reference), significant toxicity to sensitive invertebrate
taxa in the laboratory, and indications of PAH effects on toxicity and benthic community endpoints. These
management units correspond to historical contamination from a former rail yard and coal gasification plant.
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m Potential Adverse Effects—Transport Canada management units TC-5, TC-3B, TC-2A and TC-2B.
Management units were determined to have sediments with the potential to be toxic, as well as stations with
potential or localized potential differences in terms of benthic community structure. Although the possibility of
natural factors have resulted in differences in the benthic community for TC-5, TC-3B and TC-2B, the overall
weight of evidence is considered sufficient to assign these stations to the "potential adverse effects” category.

m Adverse Effects Unlikely—All remaining management units. Management units PC-N, TC-OM, TC-RC and
WM exhibited strong evidence for the confusion of lack of adverse effects, as no indications of benthic
alteration or sediment toxicity were observed. Although stations TC-E, PC-E, PC-W, and TC-1 have some
localized potential for benthic alteration or sediment toxicity, the overall evidence is indicative of negligible to
low level responses, and with any responses limited in spatial scale, which is considered sufficient to assign
these management units to the “adverse effects unlikely” category.
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Table 4: Weight of Evidence Categorization for Sediment Chemistry, Toxicity and Benthos Alteration and Overall Benthic

Community Effects

Management

Sediment Chemistry for Priority COPCs

Unit Cu

PAHs

Sediment Toxicity
Endpoint

Localized Potential?

Benthos Alteration
Endpoint

Localized Potential

Localized Potential

Insufficient data

Localized Potential

Localized Potential

Insufficient data

Localized Potential

Overall Effects to the
Benthic Community

Potential Adverse

Potential Potentially Different Effects
_ . . Potential Adverse
1
Potential Localized Potential Effects

Insufficient data

Potential Adverse

. . .
Potential Localized Potential Effects
Significant Localized Potential || Adverse Effects Likely
Potential Localized Potential’ PO AEErsE
Effects
Potential Slepfifesilly Adverse Effects Likely
Different’

(1) Denotes stations for which lower abundance and/or proximity to macrophytes may have resulted in different benthic communities due to natural factors.
(2) While significant toxicity was observed for one station, no toxicity was observed at the majority of the surrounding stations suggesting localized potential.
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3.5

Uncertainties

Sediment quality triad (SQT) assessments are designed to reduce uncertainty by including different types of data
so that the limitations of any individual line-of-evidence are balanced against the strengths of another line-of-
evidence. However, there were several sources of uncertainty in the current assessment that should be
considered:

Representativeness of Chemistry Data—Although the sample stations were well distributed throughout
KIH, we cannot rule out the possibility that localized areas with elevated contamination have not been
sampled. However, given the large number of samples and the distribution of sampling stations within KIH,
the likelihood that large areas of elevated contamination have not been detected is small. Furthermore, a
gradient-based study design was implemented, such that benthic and toxicity test samples that were collected
are considered to be representative of the range of COPC concentrations present in KIH. The region of
greatest uncertainty is the area within and adjacent to Anglin Bay, due to the heterogeneous distribution of
PAH contamination is this area. Supplemental sampling was undertaken by Transport Canada in 2003
(Golder 2014) that indicated pockets of high PAH concentrations at both surface and depth, but these were
not distributed evenly in the vertical or horizontal dimension.

Representativeness of Toxicity Data—The toxicity assessment incorporates uncertainties related to lab-
to-field extrapolation, because responses observed in the laboratory do not always translate to
bioavailability/toxicity in the receiving lake environment. The toxicity testing conditions in the laboratory may
enhance/reduce contaminant bioavailability due to manipulation during sample collection, sample
processing, and testing. Toxicity tests evaluate toxicity at the individual level without consideration of
population or community dynamics, and rely on the representative of specific invertebrate test species as
surrogates for ecosystem responses. Environment Canada (2005) acknowledged that formal attempts to
establish whether a particular toxicity test is representative of the much larger free-living (wild) populations of
organisms are rare, but also concluded that most deliberate trials of field validation confirm that toxic levels
determined in the laboratory are good predictors of harmful effects to natural communities. Environment
Canada (1999) provided a major review of laboratory-to-field extrapolations, and concluded that in most
cases, the laboratory tests were good predictors of effects in natural habitats. For KIH, a fairly robust battery
of tests has been applied in part toxicity testing programs. Whereas recent studies have emphasized Hyalella
azteca and Chironomus tentans, which were the most sensitive species tested, earlier testing also included
a mayfly (Hexagenia sp.), fathead minnow (Pimephales promelas), and Microtox™ toxicity using the
luminescent bacteria Vibrio fischeri.

Representativeness of Benthic Community Data—Whereas benthic community data provide a direct
measurement of the ecological attributes of interest (i.e., presence of a diverse, productive, and balanced
community of invertebrates) such studies are prone to confounding factors not related to the effects of
sediment contaminants. The presence of high variability both within and among stations can obscure the
ability to evaluate concentration-response relationships. Potential confounding factors in lake environments
can include: habitat-related influences such as water depth, presence of macrophytes, substrate type (grain
size, organic carbon, and other particle related factors), dissolved oxygen condition, degree of artificial
disturbance (e.g., prop-wash or burrowing of fish and wildlife). Therefore, in interpreting the biological
significance of benthic community data, a common problem relates to the ecological importance of small
shifts in community composition.
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m Interpolation of Toxicity and Benthic Community Data— For management units missing the sediment
toxicity or benthos alteration lines of evidence, the potential for toxicity or benthos alteration was interpolated.
This interpolation was based on the concentration-response that was observed from other locations,
especially those nearby with similar sediment contamination and substrate type. However, we cannot rule
out the possibility that areas with elevated contamination have not been sampled, or that if samples were
tested other confounding factors may have resulted in a classification of sediment toxicity or benthos
alteration lines of evidence different to the inference made.

Considering the above factors, it is apparent that conclusions for any individual management unit or any individual
line of evidence have lack of precision associated with the uncertainties discussed above. However, when
considered in aggregate, the conclusions are strengthened, and it is unlikely that conclusions reached using the
WOE Framework would be substantially misaligned with the true responses in the field. The three categories
identified in the COA Framework provide a suitable level of resolution for use in risk management process. Should
additional precision or reduced uncertainty be required at a later stage of risk management (e.g., once a conceptual
remedial option be selected for implementation), further investigation in the field could reduce the uncertainties
identified above.
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40 FISHHEALTH ASSESSMENT
4.1 Methods

Two approaches were used to assess risks to fish health:

m Tissue Residue Assessment—The tissue residue approach entails comparison of tissue concentrations of
COPCs toxicity thresholds (sometimes called critical body residues). The hazard quotient method is used to
compare observed concentrations to the toxicity thresholds. RMC-ESG (2014) provided a summary of fish
toxicity thresholds obtained from a review of the relevant scientific literature. Their assessment included
inorganic metals (arsenic, copper, lead, zinc), organic mercury (methylmercury), and total PCBs. Expert
Support did not raise significant concerns regarding the tissue residue approach; therefore, these results
were adopted for the risk refinement.

m  Fish Deformity Evaluation—RMC-ESG (2014) identified brown bullhead as a sentinel species because of its
very limited home range, strong connection to sediments due to life history characteristics, and evidence of
deformities at other Great Lakes contaminated sites. Two types of information were evaluated with respect
to potential for bottom fish deformities (field sampling and analysis for gross external signs of health
impairment; literature review of sediment concentrations of COPCs associated with internal and external
lesions).

The assessment of fish toxicity of PAHs is complicated by the fact that PAHs are readily metabolized by most
aquatic animals, including teleost fish (Johnson et al. 2002). Although metabolism serves as a detoxification
pathway for PAHs, some of the metabolites formed as intermediates during the detoxification process are
carcinogenic, mutagenic, and cytotoxic (Johnson et al. 2002). As a result, PAH tissue concentrations derived using
standard analytical methods are not a good indicator of fish exposure to these compounds.

4.2 Tissue Residue Assessment

RMC-ESG (2014; Table IV-32) provides a summary of hazard quotients for fish tissue chemistry, using 95% UCLM
values and maximum concentrations of COPCs in fish tissues.

m Hazard quotients for arsenic, copper, and zinc were below 1.0, indicating negligible risk through accumulation
in tissues for these substances.

m For other substances, hazard quotients calculated using the 95% UCLM for KIH tissue data were always
below 1.0, but sometimes exceeded 1.0 using the maximum individual concentrations in the data set.

m Forlead, hazard quotients using the 95% UCLM were greater than 1.0 only at the reference location. Using
maximum concentrations, both KIH and the reference location exceeded the tissue benchmark (HQs of 3.3
and 3.8 respectively). Considering that concentrations in fish tissue were indistinguishable between the two
locations, and that the highest HQ was observed in the reference area, risks to fish from lead bioaccumulation
are considered to be negligible.

m  For mercury, the maximum tissue concentration in KIH samples (0.29 mg/kg ww) marginally exceeded the
tissue effects benchmark (HQ = 1.4). The concentrations observed in KIH fish samples were only slightly
high than reference conditions, and this difference was not statistically significant.
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m The PCBs, the maximum tissue concentration in KIH samples (5.7 mg/kg ww) marginally exceeded the tissue
effects benchmark (HQ = 1.4).

These results indicate negligible to low risks from tissue accumulation of COPCs in KIH. Upon review of the draft
risk synthesis (Golder 2015), FCSAP Expert Support commented on the HQ values for lead, noting that “a lack of
difference between HQ values at the reference site and KIH sites should not be confused with ‘no risk’ to fish.”
Although this is true in the strict sense, there are several reasons why the risk of lead to fish is considered to be
negligible at this site:

m The HQ only exceeded 1.0 using maximum observed concentrations of lead in fish;

m Exceedance of HQ of 1.0, particularly by a small amount and using worst-case assumptions, does not convey
evidence of harm but rather only the possibility of harm;

m The relative risk of tissue borne lead is negligible (i.e., KIH body burdens are lower than those upstream);

m The broad similarity of lead concentrations in fish between KIH and the Upstream Reference Zone is
indicative of regionally elevated lead concentrations, to which fish are naturally adapted (acclimation and
tolerance); and

m The distribution of sediment chemistry (Figure 7) also confirms the regionally elevated lead concentrations,
as the Upstream Reference Zone sediment includes lead concentrations that often exceed ISQGs.

From a practical perspective, the marginal HQ values for lead observed in both KIH and the Upstream Reference
Zone represent a very wide area for which physical management of lead contamination is impractical. There is no
evidence that source areas within KIH are increasing the bioavailability or bioaccumulation of lead into resident
fish species.

The magnitude of HQs for organic substances (mercury and PCBs) are generally low. Although Expert Support
has correctly identified that as a general rule, HQ>1.0 cannot be discounted, there are several factors suggesting
that the marginal HQ values for mercury and PCBs are not indicative of unacceptable risk. First, as discussed
above for lead, the derivation of HQs based on maximum measured concentrations is highly conservative.
Furthermore, there are multiple indications that the HQs calculated by RMC-ESG overstate the actual risks to fish
even if maximum concentrations are assumed:

m The tissue benchmark for methylmercury selected by RMC-ESG was 0.21 mg/kg ww (Beckvar et al. 2005),
which represents a conservative derivation relative to other assessments. For example, Sandheinrich and
Wiener (2011) provide an updated summary of the environmental toxicology of methylmercury in freshwater
fish. For protection against survival, growth, reproduction, and developmental effects (common endpoints for
ecological risk evaluation), their compilation a wet weight muscle tissue concentration of 0.5 mg/kg ww may
be considered as a threshold effects concentration for freshwater fish. Although some responses have been
observed for some fish species below 0.5 mg/kg ww, these responses are limited to biochemical endpoints
that are of questionable relevance to fish health.

m The tissue benchmark for total PCBs was 4.2 mg/kg ww (Hansen 1974), which represents a conservative
derivation relative to other assessments. For example, Weston (2004) presents the results of a detailed
literature review in which a total of 39 scientific papers were reviewed to identify the range of total PCB
concentrations associated with adverse effects on survival, growth, and reproductive success in freshwater
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fish. The review recommended a whole body tissue concentration of 31 mg/kg ww total PCB as protective of
reproductive and developmental endpoints. Adult fish with tissue concentrations greater than 31 mg/kg ww
may have reduced reproductive success and/or their offspring may experience adverse early life stage
developmental effects. The review also indicated that warmwater fish species tend to have greater tolerance
to PCB exposure relative to some coldwater species, such as sensitive strains of rainbow trout.

Overall, the marginal HQ values for tissue burdens of organic substances (i.e., maximum HQ of 1.4 for both
mercury and PCBs) result from compounding conservatism in a screening level analysis. When recent technical
assessments of toxicity of these substances to freshwater fish is considered, the HQs drop below 1.0 even when
the maximum observed tissue concentrations are assumed as exposure estimates.

In summary, the comparison of tissue concentration data to environmental benchmarks indicated that risks to fish
from bioaccumulation of PCBs, mercury, and inorganic metals in KIH is very low.

4.3  Fish Deformity Evaluation
4.3.1 Field Evaluations

RMC-ESG collected 14 brown bullhead in the northern section of KIH in fall of 2009, plus 19 at a reference site
north of Belle Island. These fish were visually inspected for skin discoloration or black pigmentation, lesions and
ulcers of the lip or body, fin and tail erosion, and missing, deformed or shortened barbels (RMC-ESG 2014). Of
the 14 brown bullhead caught in the APEC (a region of sediment centered in the Parks Canada Zone), 11 bullhead
(79 percent) suffered from one or more anomalies. In contrast, only two (11 percent) of the reference specimens
exhibited any type of anomaly, and these reference-site brown bullhead anomalies were less severe.

Although RMC-ESG (2014) acknowledged the strong evidence in the toxicological literature that exposure to PAHs
is linked with elevated levels of orocutaneous and liver tumours for brown bullhead (Rafferty et al. 2009; Blazer et
al. 2009), they concluded that PAHs are "unlikely to be the cause of the tumours in the KIH fish as sedimentary
PAH concentrations were generally low." This conclusion is not supported by the data, as the sediment exposure
profile (Figure 12) indicates a substantial portion of KIH shoreline sediments contain more than 20 mg/kg total
PAH.

4.3.2 Sediment Benchmark Evaluations
43.2.1 Literature Review

To help resolve some of the uncertainty in the evaluation of potential causes for the observed bullhead anomalies,
PWGSC sponsored some desktop studies to evaluate the linkage between freshwater sediment contamination
and bottom fish lesions. A literature review conducted by CLAW (2013) provided important information for the
assessment and potential management of sediments in Kingston Inner Harbour with regards to impacts to fish
health. First, it identified two groups of contaminants with significant potential to elicit the types of lesions observed
in field-collected bullhead, either alone or in combination. One of these groups (PCBs) had already been identified
by RMC-ESG (2014) as a potential toxicant. Golder’s review indicated that PAHs are a plausible explanation for
the deformities. Based on the weight of evidence provided in the literature review, Golder (2013c) determined that
PAHs are more likely to explain the observed lesions than are PCBs, based on the following:

m Greater evidence for a toxicity mechanism for PAHs, given the extensive laboratory work shown to elicit
lesions in bullhead and other bottom fish following exposure to PAHSs;
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m More field evidence of empirical associations of PAHs with lesions and tumours, including multiple studies in
Great Lakes environments; and

m  Environmental concentrations of PAHSs in KIH sediments that correspond well to the concentrations identified
as having elevated potential to increase tumour prevalence.

Notwithstanding the above, PCBs remain as potential candidates for causing or contributing to the development
of some of the observed lesions. In fact, several authors in the literature review (CLAW 2013) indicated the
possibility that PCBs and PAHs may interact to cause increased prevalence of abnormalities. There is some
evidence of this phenomenon at North American monitoring sites. For example, NOAA (2009) reports that the
rates of PAH-associated health effects found in flatfish from a PAH contaminated site in Kitimat BC (i.e., liver lesion
prevalences and DNA damage in sole) were lower than observed in other contaminated industrial areas such as
Puget Sound, which have multiple contaminants (including PAHs and PCBs).

Based on the literature review findings (CLAW 2013), and an examination of dose response conducted by Golder
(2013c), the following benchmarks are proposed to screen sediments for potential risk of increased bullhead lesion
prevalence.

m Total PAH (Low Risk)—4 mg/kg—The 4 mg/kg dw benchmark corresponds approximately with the average
PAH concentration causing 12% incidence of external lesions. This benchmark also corresponds to sediment
PAH level that did not result in increased incidence of liver lesions above background rates. Below this
concentration, no adverse effects to fish health are anticipated.

m Total PAH (High Risk)—15 mg/kg—The 15 mg/kg dw benchmark corresponds approximately with the
average PAH concentration causing 20% incidence of external lesions. This benchmark also corresponds to
the sediment PAH level drawn from field studies that distinguishes high and low incidence rates for incidence
of liver lesions. For exposure concentrations above 15 mg/kg, only two data points show liver tumour
incidence rates below 5%, whereas for exposure concentrations below 15 mg/kg, nearly all data points fall
within the range of background liver lesion rates specified by Baumann (1999, 2002).

m Total PCB (Low Risk)—0.3 mg/kg—The 0.3 mg/kg dw benchmark corresponds approximately with the point
of inflection in the relationship between PCB exposure and liver lesions. This concentration falls midway
between the thresholds for potential impairment for external lesions. Below this concentration, no adverse
effects to fish health are anticipated.

m Total PCB (High Risk)—1.0 mg/kg—The 1.0 mg/kg dw benchmark corresponds with approximately a 20%
incidence of external lesions (on average) and a 40% incidence of liver lesions (on average). This represents
an increased degree of tumour prevalence.

For the purposes of the updated effects assessment, third risk category was adopted representing a moderate
risk to fish health. This refinement was made in recognition of FCSAP Expert Support feedback indicating that
risk of increased deformities follows a spectrum rather than a definitive threshold. Because different stakeholders
may have different opinions regarding the acceptable level of deformity incidence, multiple categories including a
“moderate risk” category are useful. To determine concentrations of PAHs and PCBs above which would pose
moderate risks to fish health, the maximum acceptable toxicant concentration (MATC) was calculated. The MATC
was calculated as the geometric mean of the no observed effect concentration (NOEC; the low risk concentration)
and the lowest observed effect concentration (LOEC; the high risk concentration) for both PAHs and PCBs.
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Accordingly, surface sediment concentrations that exceed 8 mg/kg PAHs, or exceed 0.5 mg/kg PCBs would be
considered of moderate risk to fish health.

4.3.2.2 Updated Exposure Profile for Bullhead

Brown bullhead (Ameiurus nebulosus) were selected as the fish health indicator species due to their persistence
in KIH, relatively small home ranges, and high site fidelity. Brown bullhead are found in pools and slower-moving
areas of creeks and rivers, reservoirs, ponds, and lakes, and are tolerant of a wide range of environmental
conditions, including warm water temperatures and low oxygen levels, preferring habitats with vegetation and
substrate. Much of the toxicological literature on abnormality incidence in bottom fish is based on this species. For
example, elevated liver and skin tumor prevalence has been reported in brown bullhead from the tidal Anacostia
River, Washington, DC (Sakaris et al. 2005).

Several studies have applied tracking methods (movement data) to effectively use tumor prevalence as an
indicator of habitat quality. For example:

m Ultrasonic telemetry was used to verify the residency of adult brown bullheads in the Anacostia River during
summer 2000, spring 2001, and fall-winter 2001-2002 (Sakaris et al. 2005). During summer, the linear home
range was estimated to be 0.50 km, increasing to 1.0 km in spring, and 2.1 km in fall/winter. In comparison,
the linear home range of fish released in Lake Kingman (a tidal freshwater impoundment of the Anacostia)
was 0.58 km. No fish were located outside of the Anacostia River. We conclude that adult brown bullheads
were resident in the system throughout the year.

m A mark-recapture analysis of brown bullheads in Presque Isle Bay (Millard et al. 2009) suggested that these
migrated extensively within local territories but did not typically enter the open water of Lake Erie, and tended
to remain within lagoons and coves that were approximately one square kilometer (each).

Given that brown bullhead exhibit linear home ranges as small as 0.5 km, but sometimes extending more than 1.0
km, and given that both fish movements and COPC distributions overlap the management units established for
KIH (Section 2.6), the management units were combined to represent realistic home ranges for brown bullhead.
Management units were combined to create four potential home ranges within Western KIH, each having linear
distances of approximately 0.5 to 1.0 km and of similar area. Brown bullhead home ranges in KIH are presented
in Figure 17 and discussed below:

m North Habitat—Area: 19.4 ha. The northern fish habitat area is adjacent to the former Belle Landfill, Belle
Island and the Orchard Street Marsh, which includes management units PC-W, PC-E and TC-OM. Water
within this area is relatively shallow (approximately 1 m) and contains macrophyte beds.

m North-Central Habitat—Area: 29.7 ha. The north-central habitat area is adjacent to Kingston Rowing Club
and Emma Martin Park, which includes management units TC-RC and TC-1. Water within this area is
relatively shallow (approximately 1 m) and contains macrophyte beds.

m South-Central Habitat—Area: 22.4 ha. The south-central habitat area is adjacent to the Woolen Mill and
Douglas Fluhrer Park, which includes management units WM, TC-2A, TC-2B, TC-3A, and TC-3B. Water
within this area is relatively shallow (approximately 1-2 m) and contains macrophyte beds.
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m South Habitat—Area: 17.8 ha. The southern habitat area is adjacent to Douglas Fluhrer Park and includes
Anglin Bay, encompassing management units TC-4, TC-5 and TC-AB. Water within this area is relatively
deep (approximately 2-6 m in areas of vessel draft) and contains fewer macrophyte beds due to marina
vessel traffic.

4.3.2.3 Brown Bullhead Exposure Point Concentrations

Brown bullhead exposure point concentrations (EPCs) were developed using the surface sediment inverse-
distance weighting technique presented in Section 3.1. PAH and PCB concentrations were calculated separately
for each of the four candidate habitats. The 75™ percentiles from the IDW surface were used to estimate EPCs.

The use of the 75" percentile for sediment EPCs for fish differs from the percentiles used for other receptors
(e.g., calculations for the wildlife assessment use 90" percentiles, and the herptile assessment uses 95th
percentiles). These differences are based, in part, on the level of uncertainty inherent in the estimation of exposure
to organisms using sediment as the primary pathway of exposure. The greater the uncertainty, the higher the
percentile adopted (i.e., greater conservatism is adopted in the face of increased uncertainty). For brown bullhead,
the importance of sediment as a driver for exposure, uptake, and incidence of deformities is well understood and
documented in the literature, and the foraging behaviours of bottom fish (including bullhead) are also well
documented. The foraging behaviour of bullhead dictate that these organisms would be exposed to a weighted
average of sediment contamination levels over a chronic exposure period rather than continuously exposed to
extremes within any sediment management unit. The use of a 75" percentiles provides some conservatism over
the use of a median or average concentration; this accounts for the possibility that some or most bullheads within
each unit may preferentially use habitats that have higher than average concentrations of PAHs and/or PCBs. For
example, because PAHs and PCBs tend to be higher in concentration near the shoreline, use of a 75" percentile
would account for a scenario in which bullheads feed proportionally more in shoreline habitats.

4.3.3 Risk Characterization

Based on the home ranges presented in Section 4.3.2.2 and the deformity-based screening criteria presented in
Section 4.3.2.1 for PCBs and PAHs it is possible to make inferences regarding the potential impacts to fish health
in the KIH home ranges (Table 5).
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Table 5: Surface Sediment PAH and PCB Concentrations and Associated Potential for Bottom Fish

Deformities
Habitat Area PAH PCB! Overall Risks to Fish
(75" Percentile) (75" Percentile) Health (Deformities)
North 12.7 0.36 Moderate Risk
North-Central 4.52 0.63 Low to Moderate Risk
South-Central 5.23 0.62 Low to Moderate Risk
South 10.5 0.39 Moderate Risk
Shading of sediment Exceeds low-risk molf:i)t(a(;:\te:jisk Exceeds high-risk
concentrations benchmark benchmark
benchmark

1. As discussed in CLAW (2013), the evidence for causal linkages for low-level PCB exposures was weaker than for PAHs, and it is likely
that elevated prevalence of lesions at sediment PCB concentrations below 1.0 mg/kg dw reflects co-occurrence with PAHs. However,
PCBs were retained due to their potential to interact with other substances in a complex mixture.

The interpretations of the fish health assessment provided above have value for making broad statements
regarding risks to fish in KIH. A narrative summary of these findings is provided below:

m High Risks—No management areas were identified as having high risk, although the EPC for the North fish
habitat was close to the 15 mg/kg dw sediment PAH threshold for high risk. The North fish habitat corresponds
most closely to the location of bullhead specimens sampled by RMC-ESG in 2009 (with elevated deformity
incidence).

m Moderate Risk—Both the North and South fish habitats within KIH were identified as moderate risk areas
based primarily concentrations of PAHs above the moderate risk threshold of 8 mg/kg, coupled with
concentrations of PCBs marginally exceeding the low risk threshold of 0.3 mg/kg. The PAH-based risk levels
are considered to be more reliable than the PCB-based risk levels due to the greater degree of mechanistic
and empirical support for PAHs as a causal agent for deformities.

m Low to Moderate Risks—Both the north-central and south-central fish habitats were identified as low to
moderate risk to bottom fish due to concentrations of PAHs slightly above the low risk threshold of 4 mg/kg,
combined with PCBs marginally above the moderate risk threshold of 0.5 mg/kg.

m Negligible Risks—The remainder of KIH beyond the Western KIH, including TC-E and the Upstream
Reference Zone, would classify as negligible risk to fish health as concentrations of PAHs and PCBs fall well
below the low effects thresholds for both substances.

4.4 Conclusions
4.4.1 Magnitude of Risk

The evaluation of fish health in KIH indicates that the risk level is low for most fish species, with accumulations of
contaminants into fish tissue remaining at or below concentration thresholds protective against survival, growth,
reproduction, and developmental effects. However, bottom fish are an exception, particularly species such as
brown bullhead, which have an intimate relationship to the sediment through diet and cold weather dormancy. The
evidence from both field and literature evaluations indicates increased risk of health impairment due to increased
prevalence of external and liver lesions. These risks are greatest in the northern and shoreline areas of KIH, where
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concentrations of PAHs in localized areas often exceed the high risk sediment PAH threshold. Although spatial
averaging of exposure reduces PAH exposure to below the high risk threshold, it is possible that subpopulations
of bullhead may be exposed to concentrations of PAHs that exceed the high risk threshold. For example, the
average spatially-weighted concentration in three management areas (PC-W, TC-RC, and WM) exceeds the high
risk PAH threshold of 15 mg/kg dw (Table 2). The overall risk level to bottom fish is moderate for significant portions
of KIH sediment; this conclusion is supported by the field evidence of external abnormalities in the 2009 field
program.

4472 Uncertainties

The greatest uncertainties in this assessment relate to the foraging patterns of bullhead, the potential for
interactions among multiple constituents (such as PAHs, PCBs, and metals in a chemical mixture), and questions
regarding the ecological importance of lesions on fish. These factors are discussed below.

m Foraging patterns—Similar to the uncertainties of the benthic invertebrate community assessment, we
cannot rule out the possibility that areas with elevated contamination have not been sampled. However, given
the large number of samples and the distribution of sampling stations within KIH, the likelihood that areas of
elevated contamination have not been detected is small. A greater uncertainty relates to the degree to which
bullhead may be exposed to localized areas of elevated contamination, particularly for PAHs along the
shoreline of PC-W, TC-RC, WM, and adjacent to Anglin Bay. These individual areas are probably small that
the home ranges of most brown bullhead in KIH, but are sufficiently large that they would meaningfully
influence the average exposure conditions. It is also uncertain how brown bullhead utilize the nearshore
habitats relative to the sediments in the centre of KIH. The use of a 75" percentile offers some conservatism
relative to an average or median concentration, although the selection of any specific percentile is based on
professional judgement, and therefore uncertain.

m Interactions among constituents—the potential exists for interaction of chemical mixtures within the
sediments resulting in additive and/or synergistic effects. Although the strongest evidence for causation of
bullhead deformities is for PAHSs, there is evidence in the literature of non-additive responses when PAHSs are
combined with other substances. Numerous studies of bottom fish deformities in Puget Sound have
documented lesions associated with PAH contamination, but also co-occurrence with other industrial
pollutants, including polychlorinated biphenyls (PCBs), pesticides, and heavy metals (Johnson et al. 2002,
2008). The occurrence of bottom fish lesions in these areas of multiple constituents is greater than in areas
with PAH contamination in isolation, suggesting modifying effects of other contaminants on the toxicology of
PAHs in fish. Gauthier et al. (2014) also document evidence for potential interactions between PAH and metal
exposure, noting many similarities in the individual toxicities of metals and PAHs including ionoregulatory
dysfunction and reactive oxygenated species imbalance. They note several proposed mechanisms that could
be responsible for enhanced toxicity when PAHs and metals are simultaneously present: (1) elicitation of
non-additive co-toxicity through cytochrome P450 inhibition; (2) role of reactive oxygenated species in
metallothionein inhibition; (3) capacity for PAHs to increase metal bioavailability; (4) interactive effects among
the former three mechanisms; (5) other potential mechanisms. The mechanisms that could explain the
specific patterns of abnormalities in KIH bullhead are not well understood, particularly as individual
mechanisms of toxicity vary by the specific metal, PCB congener, and/or PAH involved.
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m Ecological significance—The biological consequences of external deformities such as lesions and ulcers,
fin and tail erosion, and damaged barbels, are difficult to quantify. RMC-ESG (2014) has correctly
documented that the presence of fish tumours and other deformities is considered a beneficial use
impairment. However, presence is deformities in ecological risk assessments is usually considered to be of
lower importance for population and community evaluation (relative to survival, growth, reproduction, and
developmental endpoints) unless the abnormalities interfere with long term survivability or reproductive
output. The environmental protection goal for deformity incidence has not been clearly defined, and as such,
broader consultation may be needed to determine the importance/weight that should be assigned to this
endpoint (for overall risk characterization and remediation planning). There is also some indication by RMC-
ESG that the Cataraqui Stakeholder Group has offered an opinion on the importance of this risk pathway
relative to protection of human health and wildlife.

In the face of these uncertainties, we have assumed that exceedance of the 8 mg/kg total PAH benchmark
(i.e., based on an MATC derived from other studies of PAH contamination and bottom fish effects in Great Lakes
studies) provides a suitability protective benchmark for KIH bullhead. This value is generally consistent with
Baumann (2013), which indicates that a similar concentration (10 mg/kg total PAH) provides a sediment exposure
level above which significantly elevated tumour rates are likely. As the field studies used to develop the PAH
benchmark are from assessments of contaminated harbours, each with multiple contaminants, the benchmark is
inclusive of some of the potential interactive effects. It remains uncertain whether the potential interactions in KIH
are greater, lesser, or comparable to other Great Lakes sites.
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5.0 WILDLIFE RISK ASSESSMENT

In this document, the term "wildlife" refers to birds and mammals present within KIH, including herbivorous and
piscivorous mammals, and non-piscivorous, piscivorous, and omnivorous birds.

5.1 Methods

The wildlife risk assessment provided by RMC-ESG (2014) generally follows widely accepted ecological risk
assessment approaches and provides a useful screening of the wildlife risk pathways of greatest significance to
KIH. The risk refinement therefore focussed on addressing issues raised by FCSAP Expert Support, particularly
where the issues had implications for the overall risk conclusions.

The major themes identified by Expert Support in relation to the wildlife ERA components were:

m Modelled receptor species—Several Expert Support comments pertained to the lack of formal assessment
of species identified as receptors of concern, but that were not modelled or evaluated quantitatively. For
example, muskrat and red wing blackbird were suggested as candidate species for an assessment of semi-
aquatic species.

m Characterize ecological effects in spatially explicit manner—several Expert Support comments emphasized
the need to consider wildlife risk outcomes more clearly linked to subunits of KIH, with clearer linkages to
receptor foraging areas.

m  Exposure assumptions for wildlife—Some Expert Support comments focussed on specific parameter choices,
such as dietary assumptions for mink and mallard, or other technical approaches that influence hazard
quotients. In the review of the draft risk synthesis, Expert Support also requested clarification on why the
selected percentiles from the IDW surfaces of sediment contamination differ from other receptor types (e.g.,
fish).

m  Screening-level versus detailed-level evaluations—Some Expert Support comments requested clarification
regarding whether risk characterization findings were based on conservative (screening-level) risk estimates
or alternatively were based on more refined or site-specific risk estimates.

The risk refinement addressed these issues by repeating the RMC-ESG (2014) food web model calculations, but
adjusting exposure estimates and model parameters as necessary to address factors that meaningfully influenced
risk assessment outcomes. The first step entailed replicating the RMC-ESG hazard quotient calculations, using
the model inputs, equations, and assumptions as documented in Chapter IV of RMC-ESG (2014). This provided
confirmation of the original calculations prior to making adjustments. A few discrepancies were observed at this
stage; however, the differences were not substantive (i.e., were numerically minor or did not affect the identification
of species/contaminant combinations with hazard quotients close to one). As there are several explanations for
minor discrepancies (e.g., subtle differences in processing of exposure data, such as wet weight/dry weight
conversions, or rounding errors) the spreadsheet models were therefore considered to be sufficiently reliable to
make the adjustments requested by Expert Support.
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51.1 Species Selection

RMC-ESG did not choose threatened or endangered species in the selection of organisms for the food web model.
This is not inherently problematic, as it is common in ecological risk assessment to select surrogate species to
represent groups of similar organisms, particularly those at similar feeding levels. Use of surrogate organisms
allows for models to adopt exposure profiles for well-studied species, under the assumption that results can be
extrapolated to other wildlife in similar feeding guilds. The wildlife species at risk identified by RMC-ESG include
the loggerhead shrike Lanius ludovicianus (Endangered), the king rail Rallus elegans (Endangered), the least
bittern Ixobrychus exilis (Threatened), the common nighthawk Chordeiles minor (Threatened), the chimney swift
Chaetura pelagica (Threatened), the red-headed woodpecker Melanerpes erythrocephalus (Threatened), the
short-eared owl Asio flammeus (Special concer) and the black tern Chlidonias niger (Special Concern). These
species are reasonably represented by the mallard, great blue heron, osprey, and red-winged blackbird, which
were selected by RMC-ESG as receptors of concern. The methods used for the wildlife assessment
(i.e., evaluation of potential individual level responses by comparing doses to conservative effects-based
benchmarks) are also suitable for the evaluation of threatened or endangered species.

Two specific issues were raised by Expert Support regarding identification of sensitive species:

m  Exclusion of herbivorous animals—Herbivorous animals (mammal: muskrat; bird: red-winged blackbird) were
included in the conceptual site model as sensitive species of potential concern. However, RMC-ESG (2014)
excluded these organisms from the food web modelling "because their habitat is limited to the Orchard Street
Marsh, whose individual assessment is outside the scope of the present ERA." We can appreciate that
quantifying risks is challenging for species that primarily occupy the upland portions of the Orchard Street
Marsh (i.e., upgradient of the federal lot boundaries as shown in Figure 2). However, given that these
herbivorous animals would potentially integrate their exposures across both the Orchard Street Marsh and
the riparian areas of the federal water lots (e.g., adjacent to the unnamed Creek in management unit PC-W),
some type of quantitative evaluation is necessary, at least for screening purposes. Therefore, to address the
Expert Support request, we included an omnivorous bird and an herbivorous mammal in our food web model
revisions, under the conservative and simplified assumption that exposures within the federal water lots
(alone) reflect the overall exposure profile to those species.

m Ecological relevance of mink—Expert Support expressed concerns regarding the RMC-ESG statement that
“although mink are confirmed to be present in the harbour, there is limited suitable habitat and it may not be
appropriate to determine sediment management scenarios based on potential risks to mink.” Our
understanding is that the RMC-ESG comment is intended to communicate the lower quality and area of mink
habitat south of the former Belle Landfill, relative to productive upstream areas such as the Great Cataraqui
Marsh. To address this issue, we have retained mink in the food-web model, but have assumed that mink
habitat occurs only in the management areas immediately adjacent to the undeveloped vegetated shorelines
in KIH (i.e., management areas PC-E, PC-W, and TC-OM). Areas in the central KIH or the developed areas
along the western shoreline would not support mink habitat of sufficient quality to provide a meaningful
contribution to overall exposure.
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Although herbivorous animals were included in the risk refinement, we adopted an alternate selection of an avian
marsh inhabitant to the red-winged blackbird; we instead selected the marsh wren Cistothorus palustris for
inclusion in the food web model. The rationale for this selection was:

m Standardized receptor information was available for marsh wren (US EPA 1993) that was not available for
blackbirds, thus facilitating the application of the food web model;

m Marsh wrens were considered to be equally site-relevant to blackbirds in terms of representing marsh-like
exposures. Territories of both red-winged blackbirds and marsh wrens are commonly associated with wetland
habitats, such as cattail marshes. Furthermore, Red-winged blackbirds, marsh wrens, and swamp sparrows
were all reported nesting in the Orchard Street Marsh south of Belle Park (Ecological Services 2008);

m Marsh wrens have small foraging ranges, resulting in a conservative assessment of risk in the marsh-like
areas within and adjacent to the federal water lots; and

m Limitations to available data (e.g., insect exposure data) should apply equally to marsh wrens and red-winged
blackbirds, as both consume a combination of seeds and insects, with insect diet increasing during the
reproductive season for both species.

The muskrat Ondatra zibethicus was also included at the request of Expert Support, and provides an assessment
of risk to semi-aquatic mammals with a non-fish diet.

In conducting the food-web modelling for marsh wren and muskrat, we acknowledge that the uncertainty is greater
for these receptors relative to other modelled species. The hazard quotients reflect high uncertainty in the dietary
concentration inputs, and simplistic assumptions regarding exposure averaging areas. The contribution of upland
exposures to these species has not been assessed in this document, as the contributions of non-federal properties
are beyond the scope of this assessment.

5.1.2 Exposure Doses and Home Ranges

One of the most significant comments from Expert Support related to exposure averaging (i.e., the definition of
water lot areas for which each receptor can be assumed to forage across). Environment Canada commented that
"the reduction of the overall average through removing hotspot may still leave receptors having specialized or
small home ranges with unacceptable concentrations available to them." We recognize that RMC-ESG (2014)
considered foraging ranges to some degree in the calculation of the sediment quality objectives for mink and
mallard; however, the technical linkage between the foraging ranges documented in the literature and those
applied in the risk assessment was not always clear. To address this issue, we determined the home ranges of
relevance to each wildlife receptor and have assigned receptor habitats to specific management units
(or combinations of units, as applicable) to provide a spatially explicit representation of risk.
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m  Mink—RMC-ESG (2014) considered the information on mink home ranges, and concluded that because "the
length of shoreline within the APEC is a minimum of 2.0 km, and the recommended home range with well
within the KIH, it is conservatively estimated that mink inhabiting this area will harvest 100 percent of their
diet from the APEC." Although the spatial domain of the APEC was not defined in detail, the area considered
by RMC-ESG (2014) is apparently larger than the lower end of the home ranges documented in the literature,
including the FCSAP default home range values of 0.06 km? (6 ha) or 0.4 km in length (Environment Canada
2012). As such, while the APEC may be a realistic depiction of mink home ranges for the conditions present
in KIH, it cannot be deemed conservative, at least in relation to the FCSAP default parameter. To address
this issue, we identified exposure areas for mink that are closer to the FCSAP guidance, and that represent
areas of habitat that would be conducive to utilization by mink. The only three management units that provide
reasonable quality mink habitat are PC-E, PC-W, and TC-OM. Other areas in KIH are considered too distant
from preferred mink habitats to contribute substantively to exposure. In terms of home ranges, PC-E has an
area of approximately 9.5 ha and a linear range of approximately 0.5 km of shoreline. The combination of
management units PC-W and TC-OM has an area of approximately 9.7 ha and a linear range of
approximately 1.0 km of shoreline. Accordingly, two discrete and non-overlapping areas of mink habitat were
identified that fall near the lower end of the range of foraging areas for this species. Use of the lower end of
the documented range was considered appropriate because the smallest foraging range sizes were
determined from adult females (i.e., applicable to the reproductive period of greatest relevance to risk
assessment), and provide a conservative assessment consistent with FCSAP guidance. The areal ranges of
approximately 10 ha also fall within the range of 7.8 to 20.4 ha for females reported by Mitchell (1961) as
documented by US EPA (1993).

m  Muskrat—Relative to most semi-aquatic mammals, muskrats have relatively small home ranges (Perry 1982,
Willner et al. 1980). Using radiotelemetry, MacArthur (1978) documented that muskrats rarely forage more
than 150 m from their primary dwelling. Proulx and Gilbert (1983) also documented that muskrats in Ontario
marshes usually spend most of their time within several tens of metres of their den, with areal home ranges
estimated to be 0.17 ha in the summer. Therefore, the individual home ranges of muskrat are smaller than
the individual management units shown in Figure 2. The only three management units that provide
reasonable quality muskrat habitat are PC-E, PC-W, and TC-OM.

m Mallard—The FCSAP default home range value is 9.2 ha (Environment Canada 2012), although it is
recognized that mallards exhibit a range of foraging behaviours depending on habitat and availability of food
resources. Furthermore, the value of 9.2 ha is conservative, as Dwyer et al. (1979) report home ranges
varying from 111 to 468 ha. For the revised food web model, the management zones were grouped into areas
close to the default home range value where habitat quality is best (i.e., the undeveloped and vegetated
areas of KIH) with larger areas (i.e., up to 30 ha) for more marginal habitats. The entire Western KIH was
retained as potential mallard habitat.

m  Marsh Wren—US EPA (1993) summarizes the habitat requirements and foraging ranges of marsh wrens;
they inhabit freshwater marshes, usually nesting in association with bulrushes, cattails, and sedges in water
depths from several centimeters to nearly a meter. Average territory size for a given year and location are
variable, but are generally small (typically less than 0.2 ha). Therefore, the individual home ranges of muskrat
are smaller than the individual management units shown in Figure 2. The only three management units that
provide reasonable quality marsh wren habitat are PC-E, PC-W, and TC-OM, and of these units PC-W is by
far the most suitable habitat for marsh wrens.
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Heron—The home range of the great blue heron is variable and dependent on the local availability of food
(US EPA 1993). A default FCSAP value is 16.6 km? (1660 ha) is given with linear foraging distances ranging
from 2.3 km to 30 km (Environment Canada 2012). Mathisen and Richards (1978) reported the distance
between heronries and possible feeding areas in Minnesota lakes to range from 0 to 4.2 km, averaging
1.8 km. Based on this information the entire Western KIH (i.e., summation of all individual management units
except TC-E and PC-N) appears to be an appropriate foraging range for great blue herons.

Osprey— The distance osprey travel from their nests to forage depends on the availability of appropriate
nest sites near areas with sufficient fish, with individual travelling up to 10 to 15 km to obtain food
(Van Daele and Van Daele 1982). At sites with good access to prey, foraging distances are smaller, with the
smallest ranges reported by US EPA (1993) from a study from Dunstan (1973), which cites a range of foraging
distances between 0.7 -2.7 kilometres for a Minnesota lake environment. Based on this information the entire
Western KIH (i.e., summation of all individual management units except TC-E and PC-N) appears to be an
appropriate foraging range for osprey.

Once the exposure areas were defined, it was necessary to adjust the exposure point concentrations (EPCs) used
by RMC-ESG (i.e., the Table 1V-25 entries from Chapter IV of RMC-ESG 2014) to new EPCs that reflect the
updated exposure assessment. This was conducted using the following steps:

Sediment concentration surfaces were created using the ArcGIS Version 10.3.1 inverse-distance weighting
(IDW) procedure.

Grids (5 x 5 m cells) corresponding to the home ranges defined for each receptor above (i.e., combination of
management units) were filtered. Organism with larger home ranges had a large number of grid cells carried
forward.

EPCs for sediment exposure were calculated using the 90" percentiles of the filtered IDW surface. The
purpose of the 90" percentile is to avoid underestimation of exposure, such would occur if receptors had a
preference for foraging over more contaminated portions of the exposure unit. The use of the 90™ percentile
for wildlife, rather than the 75™ percentile used for bullhead EPCs, relates to the increased uncertainty in the
estimation of wildlife exposures using a dose-based trophic transfer model. Several of the inputs in the food-
web model convey high uncertainty due to the paucity of information on site-specific bioaccumulation
(e.g., sediment to tissue BSAFs or BAFs for the main dietary items of each species). Furthermore, the relative
contributions of terrestrial versus aquatic prey items are less well understood relative to fish, and the home
range information for wildlife species was more variable than for bullhead. Use of a higher percentile provides
a more conservative exposure estimate in the face of this increased uncertainty.

The RMC-ESG (2014) model used the 95% upper confidence limit of the mean value (95UCL) from individual
sample points. The switch from a UCL to a percentile-based approach in the risk refinement reflects the
change from a population of discrete concentration measurements to a smoothed IDW surface.

The EPC values (mg/kg) of remaining media were prorated using the fish, water, macrophyte and invertebrate
data compiled by RMC-ESG (2014; Table IV-25). This approach assumed that the EPCs derived by RMC-
ESG were appropriately representative of the APEC, but also assumed that smaller units (management
areas) would have variations in average tissue concentrations that are approximately proportional to the
differences in sediment concentrations among management units. Accordingly, the EPCs were adjusted
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upward for more contaminated portions of the water lots, and adjusted downward for less contaminated
areas.

The sediment EPCs used in the above procedure are summarized by COPC and management unit in
Appendix B — Table B1.

5.1.3 Toxicity Reference Values

In RMC-ESG (2014), the primary basis for the hazard quotients for wildlife are comparisons to TRVs developed
using the US EPA Eco-SSLs. The Eco-SSL derivation method considers a high quantity of information for relevant
toxicogical studies, and identifies screening levels for mammals and birds intended to provide adequate protection
of terrestrial and aquatic ecosystems. Eco-SSLs are derived in a manner that is protective of the conservative end
of the exposure and effects species distribution, and the TRVs for wildlife are intended to be applied at the
screening stage of an ecological risk assessment (US EPA 2008). US EPA specifically warns that Eco-SSLs are
"not designed to be used as cleanup levels" by rather to identify the contaminants of potential concern (COPCs)
that require further evaluation.

Accordingly, hazard quotients lower than 1.0 using Eco-SSL based TRVs, particularly when combined with other
conservative screening assumptions, can be confidently assumed to convey negligible risk. Where hazard
quotients exceed 1.0, additional evaluation of the underlying toxicological data are warranted. Allard et al. (2009)
summarizes emerging guidance for the selection of TRVs, emphasizing an effect-size based approach from
multiple studies rather than point estimate TRVs based on NOAELs and LOAELs from single studies. A similar
recommendation is made in Environment Canada's ecological risk assessment guidance for federal contaminated
sites. Golder (2012) applies these principles in the development of TRVs for chromium and polychlorinated
biphenyls (PCBs), with separate values developed for birds and mammals.

In the risk refinement, the following revisions were made to the use of TRVs in the wildlife ecological risk
assessment:

m Negligible Risk—Lack of exceedance of the TRV based on Eco-SSL derivation (i.e., geometric mean of all
no-observed adverse effect level results for growth and reproduction are used to calculate a geometric mean
NOAEL).

m Low Risk—Exceedance of the TRV based on Eco-SSL derivation.

m Moderate Risk— Exceedance of the TRV based on the lower TRV from Golder (2012).
m High Risk— Exceedance of the upper TRV from Golder (2012).

514 Dietary Patterns

Expert Support raised some questions with respect to the sensitivity of the food web model in the parameterization
of dietary composition for wildlife. Specifically:

m Food ingestion for mink in the RMC-ESG evaluation assumed a diet comprised of 100% fish as opposed to
30% as indicated in FCSAP guidance (Environment Canada 2012).

m Hazard quotients for the mallard duck were calculated assuming 100% benthic invertebrate diet for some
COPCs, whereas 100% macrophyte diet was assumed for other COPCs. Because dabbling ducks are feed
on aquatic plants (50%), aquatic invertebrates (40%), and other minor components (berries, seeds, insects
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and fish) (Environment Canada 20120 Expert Support queried whether these estimates are preferred to an
assumption of a blended diet, which better matches the federal default guidance.

With respect to the assumed dietary composition, RMC-ESG (2014) acknowledged that the mink’s diet is
suggested to be 30% fish (with Environment Canada indicating that remaining diet consists of crustaceans [25%)],
small mammals/birds [25%)], amphibians [10%], and insects [10%]). As mink are highly opportunistic, the actual
dietary assemblage is highly variable by site, reflecting the availability of various items. The rationale used by
RMC-ESG for use of 100% fish in diet was not an assumption that KIH mink actually consume only fish, but rather
concern about the uncertainty of estimates for the remaining dietary components. Evaluation of the sensitivity of
risk calculations to this assumption entails several considerations:

m Invertebrate diet—The proportion of invertebrates in mink diet is variable depending on availability of
resources. Crayfish are a popular dietary item when present, due to their size and relative ease of capture.
Unfortunately, little is known regarding the degree of prey switching that occurs in KIH mink. The
concentrations of other dietary items (mammals, birds, herptiles) relative to invertebrates are also unknown.

m Ratio between fish and invertebrate concentrations—The only substance for which hazard quotients above
1.0 were calculated was total PCBs. Due to the biomagnifying property of PCBs, concentrations in fish are
typically greater than those in benthic invertebrates. However, the size class of fish and type of invertebrate
consumed affects the magnitude of this difference. Juveniles and smaller fish tend to exhibit lower PCB
concentrations relative to older and larger specimens (Weston 2004). The difference between PCBs
concentrations in small to medium sized fish (likely to be consumed by mink) and the corresponding
concentrations in invertebrates is likely to be less than a factor 2 (based on literature, mechanistic models,
and site data from PCB contaminated aquatic sites).

m Site fidelity of prey items—If non-fish items provide the majority of dietary content of KIH mink, an important
consideration is whether the alternative dietary items are exposed to PCB in sediment within smaller
averaging areas than would be relevant to fish. Because maximum PCB concentrations are observed in
shoreline locations (e.g., PC-W adjacent to former Belle Landfill), it is possible that these locations could yield
higher tissue concentrations than invertebrates, when compared to fish that forage over larger areas.

m  Model estimates—If non-fish food items are to be considered in the food web model for mink, estimation of
invertebrate concentrations rely on model estimates (n.b., trophic transfer modeling was carried out by RMC-
ESG to estimate concentrations of PCBs, DDT, chlordane, and PAHs). The estimate of invertebrate PCB
concentration developed by RMC-ESG, which was obtained using a regression equation between sediment
and invertebrate uptake from the literature, was approximately 45% of the fish tissue exposure point
concentration.

To evaluate the sensitivity of the dietary composition assumption, the model was rerun with the dietary preferences
set to 30% fish and 70% invertebrates. The hazard quotients in the revised model were lower than the original
estimates (e.g., highest HQ of 1.92 dropped to 1.13). This indicates that there may be some additional
conservatism in the use of the 100% fish diet, although the magnitude of difference is not large, especially when
viewed in conjunction with other uncertainties. The original RMC-ESG parameterization was retained for the
simulations provided in Appendix B.

With respect to mallard dietary composition, it is true that mallards are omnivorous (particularly females during
reproductive season) and consume a blended diet of macrophytes, algae, and various invertebrate items.
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However, similar to the mink diet issue discussed above, the RMC-ESG analysis was constrained by data
availability. Different proportions of dietary items were assumed for different COPCs, based on the site-specific
data availability for contaminant concentrations in food items. For chromium, only invertebrate data were used by
RMC-ESG to obtain the most conservative estimate of dose, whereas for other metals (arsenic, copper, lead, zinc)
only macrophyte data were used. The selections made by RMC-ESG are based on the principles that: (1) site-
specific tissue data, when available, provide a superior estimate relative to model estimates (e.g., application of
bioaccumulation or bioconcentration factors), and (2) conservatism is preferred in the face of high uncertainty.

Although the rationale set forth by RMC-ESG (2014) has merit, the assumption of 100% invertebrate diet is more
questionable for substances that have macrophyte data available. Tissue data for sixteen macrophyte samples
were available for chromium, seven macrophyte samples for antimony, and three macrophyte samples for PAHSs.
Although these data are limited, use of these data is considered preferable to an assumption of 100% invertebrate
diet. Accordingly, the original RMC-ESG parameterization was revised for these three substances, splitting diet
evenly between macrophytes and invertebrates for these three constituents (Appendix B). Substances for which
no macrophyte data are available (e.g., PCBs) retained the original RMC-ESG parameterization because
modelling of macrophyte concentrations would be highly uncertain.

5.2 Results

The results of the updated food web modelling are provided in Appendix B. For each receptor, a table is provided
showing the calculations with the original RMC-ESG parameterization. For example, Table B-2a presents the
calculations for mink using the RMC-ESG Table 1V-25 parameters and associated hazard quotient derivations for
the entire APEC. Subsequent tables provide the adjusted model estimates once changes are made to reflect the
updated discussed in Section 5.1, with a separate table for each exposure area relevant to the receptor.

Table 6 provides a summary of the overall findings for all wildlife. The hazard quotients above 1.0 were mainly
observed for PCBs and chromium, although some marginal exceedances for lead (HQ < 2) were derived for marsh
wren.

Table 6: Areas and Management Units Considered in the Risk Refinement

Mink Muskrat Mallard Marsh Wren Heron Osprey
Individual
Management Units | Area (ha) Cr Cr [Other PCB Cr |[Other
PC-E 9.5
PC-W 7.3
TC-OM 2.6
TC-RC 3.6
TC-1 26.1
WM 1.9
TC-2A 5.1
TC-2B 8.2
TC-3A 4.1
TC-3B 3.1
TC-4 4.2
TC-5 9.2
TC-AB 4.4

Negligible Risk -AII HQvalues below 1.0 using screening level TRVs

Low Risk HQ values above 1.0 but only using Eco-SSL screening TRV (exceedance of Eco-SSL shown as value in cell)
Moderate Risk HQ values below 1.0 using Golder (2012) lower-bound TRV (exceedance of lower-bound TRV shown as value in cell)
High Risk HQ values below 1.0 using Golder (2012) upper-bound TRV
Not Applicable - Suitable habitat for receptor not present within management area (no HQs calculated)
s
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5.3 Conclusions
531 Comparison to RMC-ESG Estimates

As with the original RMC-ESG analysis, risks to herons and osprey are negligible. The RMC-ESG (2014) wildlife
risk assessment derived hazard quotients above 1.0 for only two COPCs:

m PCB exposures to mink in the APEC yielded a hazard quotient of 1.6 compared to the most conservative
TRV, and a hazard quotient of 1.1 compared to the lower TRV from Golder (2012b).

m  Chromium exposures to mallard ducks in the APEC yielded a hazard quotient of 2.3 compared to the most
conservative TRV, and a hazard quotient of 1.2 compared to the lower TRV from Golder (2012b).

Both of these findings result in a moderate risk (yellow) determination following the categorization discussed in
Section 5.1.3 and applied in Table 6.

Considering the number of changes made to the models, the results of Table 6 are similar to the original RMC-ESG
conclusions, with moderate risk to mink and mallard under both evaluations. The main difference is that the risk
determinations have now been made more spatially explicit, with the moderate risk to these species confined to
the portion of KIH nearest the Orchard Street Marsh (PC-W and TC-OM units combined). In adjacent portions of
KIH, the risks to mink and mallard are either negligible, or marginally exceed HQ=1.0 (and only for the most
conservative TRV).

The most notable difference relative to RMC-ESG (2014) relates to the identification of non-negligible risks to
marsh wren (moderate risk) and muskrat (low risk). These calculated risks were greatest in the PC-W management
unit, where localized elevations of chromium, PCBs, and lead are observed. The risks to these species are driven
by a combination of small home ranges and high normalized food ingestion rates relative to other species such as
the mallard. As indicated earlier, the uncertainty in the risk estimates for marsh wren and muskrat is greater than
for mallard due to the highly simplified exposure assumptions required for the former. However, the analysis
indicates that other omnivorous birds and mammals in the wetland area would have risks that are greater than
those of mallards, which were previously identified as the most sensitive species to chromium contamination in
KIH.

5.3.2 Key Uncertainties

The greatest uncertainties in the wildlife risk assessment relate to the contribution of upland (soil) exposures to
risk, uncertainty in the chromium TRV, and uncertainty in the tissue concentrations of dietary items of omnivores
(plant and invertebrate tissue). These factors are discussed below.

m Upland Exposures—The scope of the assessment is constrained to the water lots under the jurisdiction of
the federal custodians. Therefore, although habitat for birds and mammals exist on the upland portions of the
harbour (e.g., Orchard Street marsh soils), the purpose of this risk assessment is only to evaluate receptors
with exposures overlapping the water lot sediments. Nevertheless, some semi-aquatic wildlife (e.g., marsh
wren, muskrat) would have organisms that overlap the marsh-like habitats within both the federal water lots
and adjacent parcels of Orchard Street marsh. Within the project scope, we have made the assumption that
a small number of marsh wrens and muskrat could be exposed primarily to marsh habitats within the federal
water lots.
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m Chromium TRV—The various TRVs derived for chromium exhibit considerable variation (e.g., 38-fold
difference between the low risk benchmark and the high risk benchmark for birds) reflecting the underlying
variation and uncertainty in wildlife toxicity thresholds for chromium. For birds, the chromium dose-response
analysis for all bird species and test endpoints combined (Golder 2012b) indicated few effects estimates
greater than 10%, and as a result, a reliable dose-response relationship for the 10%, 20% and 50% effect
levels could not be established. Therefore, the distribution of data did not allow for fitting of a reliable statistical
model and therefore an ICx-based TRV could not be derived.

m Estimation of dietary concentrations—The concentrations of COPCs in sediment and fish tissue are
known with relative confidence, whereas other concentrations have uncertainty associated with the paucity
of site-specific data. Although concentrations of some COPCs in macrophytes and invertebrates have been
quantified, modelling or extrapolation from other media was required for several COPCs. This affects the
confidence in the modelling of doses for omnivorous biota.
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6.0 HERPTILES

In the review of the RMC-ESG (2014) deliverable package, Expert Support noted that, although reptiles and
amphibians were included in the Conceptual Site Model (CSM), they were not included in the final risk assessment.
RMC-ESG cited the paucity of relevant toxicological information for herptiles as the main reason for their exclusion
from the formal characterization of risk.

At the outset, we must acknowledge that the assessment of herptiles is challenging for the KIH site given the lack
of site-specific toxicity data, the limitations to literature-based toxicological information, and the complexity of the
exposures of these animals (i.e., combination of aquatic and terrestrial exposure that is linked strong to life stage).
However, in spite of these limitations, there are some opportunities for conveying potential risks to herptiles, at
least for some of the COPCs at the site.

Our approach is based on the following assumptions:

m The primary pathway of interest is through contact with sediment-associated COPCs. Whereas amphibian
exposure by definition would include water and sediment exposures, plus food items linked to both water and
sediment, the screening of site data has indicated that water-based exposure pathways are less of a concern
relative to sediment. RMC-ESG (2004; Table |-7) summarizes the water quality screening from historical
studies; these studies indicated that the KIH, although eutrophic in condition, exhibits generally good water
quality in relation to provincial and federal guidelines, which are considered to be protective of all organism
types.

m The uncertainty in bioaccumulation of sediment-associated COPCs to amphibians is greater than that of other
receptor groups, including wildlife. Because herptiles have complex life histories often linked to both aquatic
and terrestrial habitats, with exposures a function of species, habitat type, and developmental stage,
estimating the risk associated with sediment contamination is highly uncertain.

m Field studies from other sites are potentially useful for evaluating herptiles; however, the applicability of the
results is constrained by the similarity (or thereof) of the contaminant profiles for the respective sites.

m RMC-ESG conducted a recent review of the literature and ecotoxicological databases and confirmed that
development of reliable dose-based TRVs for amphibians or reptiles was not possible. Therefore, ecological
assessment based on the concentrations of COPCs in sediment is the preferred approach to evaluating
potential for harm.

m Laboratory toxicity studies conducted using sediment samples amended with concentrations of specific
COPCs are of use for evaluating the sensitivity of herptiles to these constituents. Such studies are limited in
terms of species representation and number of COPCs investigated, however.

m The scope of the assessment is constrained to the water lots under the jurisdiction of the federal custodians.
Therefore, although habitat for reptiles and amphibians may exist on the upland portions of the harbour
(e.g., Orchard Street marsh soils), the purpose of this risk assessment is only to evaluate receptors with
exposures overlapping the water lot sediments. Accordingly, risks associated with soil-driven pathways linked
to upgradient brownfields will not be considered as part of the risk refinement.
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6.1 Species of Concern

RMC-ESG (2014) documented sixteen species of reptiles and amphibians that have been observed in the Lower
Cataraqui River. Of five turtle species identified, three are listed as rare including the northern map turtle
(Graptemys geographica: special concern), the stinkpot turtle (Sternotherus odoratus: threatened) and the
Blanding’s turtle (Emydoidea blandingii: threatened). The eastern milk snake (Lampropeltis triangulum triangulum)
was also recorded upland areas adjacent to the harbour, and is listed as a species of special concern. It is not
known whether these Species at Risk would be applicable to the KIH, given the limitations to habitat relative to
Great Cataraqui Marsh, which is of greater area and quality of habitat given its designation as a provincially
significant wetland. RMC-ESG notes that “the species list of reptiles and amphibians for the KIH is probably not
complete, as it is based on observations made while carrying out other studies” but confirm that species richness
for herptiles appear to be greatest near Great Cataraqui Marsh.

Biological surveys within KIH, particularly those characterizing the Orchard Street Marsh south of Belle Park, have
documented several herptiles including midland painted turtles (Chrysemys picta marginata), common snapping
turtles (Chelydra serpentina), leopard frogs (Lithobates pipiens, formerly Rana pipiens), bullfrogs (Rana
catesbeiana) and green frogs (Rana clamitans), although their numbers and the overall amphibian species
richness were extremely low (Ecological Services 2008). Map turtles and stinkpot turtles have been observed in
the water lot south of Belle Park (Ecological Services 2008), and recent visits by Expert Support staff to the KIH
confirmed presence of multiple turtle species.

6.2 Results from Spiked Sediment Tests

ENSR (2004) reports result from an Amphibian Toxicological Testing Program (Y0817 program) in which the
United States Navy initiated a standardized approach to evaluate the potential toxicity of sediments or hydric soils
to amphibians. Specifically, they evaluated the toxicity of four metals (cadmium, copper, lead, and zinc) to larval
amphibians exposed to sediment in the laboratory, which resulted in a set of no observed effect concentrations
(NOECs) and low observed effect concentrations (LOECs) LOECSs) for lethal and sub-lethal endpoints. Studies
were conducted with two species of amphibians, the American toad (Bufo americanus) and leopard frog
(L. pipiens). Both of species are considered relevant to the assessment of sediment toxicity in KIH, particularly the
leopard frog which has been observed on site.

To assess the significance of these findings, 95" percentile concentrations of COPCs from the smoothed IDW
surface were screened against the NOECs and LOECs. The use of 95" percentiles, as opposed to lower
percentiles used for wildlife and fish, stems from the uncertainty associated with the complex life histories of
herptiles and their variable and complex linkages to sediment contamination. Sediment concentrations below the
laboratory—derived NOECs are “unlikely to cause harm to the local amphibian population” whereas exceedances
of NOECs may require additional investigation (ENSR 2004). Exceedances of the LOECs convey an elevated risk
of sediment toxicity to amphibians.

m Copper—The 95" percentile copper concentration from the PC-W management unit is 110 mg/kg dw. This
concentration falls within the range of unbounded NOECs for L. pipiens (64 to 200 mg/kg dw) and is below
the NOEC for B. americanus. Other KIH management units with amphibian habitat have 95" percentile
copper concentrations below the unbounded NOECs for both species.
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m Lead—The 95" percentile lead concentration from the PC-W management unit is 437 mg/kg dw. This
concentration falls below the unbounded NOECs for L. pipiens and B. americanus (2000 to 2400 mg/kg dw).
Other KIH management units with amphibian habitat have lower lead concentrations relative to PC-W.

m Zinc—The 95" percentile zinc concentration from the PC-W management unit is 426 mg/kg dw. This
concentration falls below the unbounded NOECs for L. pipiens and B. americanus (900 to 1200 mg/kg dw).
Other KIH management units with amphibian habitat have lower zinc concentrations relative to PC-W.

m Cadmium—No IDW surface was available for this constituent. However, previous profiling of cadmium
sediment chemistry distributions indicated that the vast majority of cadmium concentration in KIH are below
2.4 mg/kg, with extensive areas above 1.0 mg/kg adjacent to marsh-like areas that support amphibians.
These concentrations are well below the LOECs for the two test species (110 — 580 mg/kg dw), but higher
than the concentrations in the control treatment (0.32 — 0.46 mg/kg), which served as a NOEC.

The above metals exhibit elevated concentrations in KIH sediments adjacent to the marsh habitats, relative to
other areas of KIH. However, the concentrations of these substances did not exceed effects concentrations
(LOECs) and often were below associated NOECs, indicating lack of evidence for harm at these exposure
concentrations. These metals represent only a subset of the COPCs for KIH, and the results do not account for
potential mixture effects, but nevertheless are useful for consideration.

6.3  Extrapolation from Field Studies
6.3.1 Housatonic River PCB Site

Weston (2004) documents the results of a major investigation into the ecological effects of PCBs to freshwater
aquatic life, including one of the largest site-specific investigations of responses to amphibians ever conducted.
The study included a range of long term chronic toxicity testing using leopard frogs and wood frogs, including tests
of various development stages. The study also included ecological assessment of numerous vernal pools, tissue
concentration evaluation, population modelling, and other field investigations of amphibian community responses.
Following the discrete analysis of biologically sensitive endpoints, model results were used to calculate threshold
concentrations in environmental and biological media below which risks were deemed “acceptable,” or the
probability of risk was deemed low. The maximum acceptable threshold concentration (MATC) was selected as
the best estimate that provided protection of local amphibian populations.

The MATC for the project was based on the integration of the two most sensitive endpoints (metamorph
malformation and sex ratios). The most compelling evidence for ecological degradation in the study was obtained
from the sediment toxicity tests, which exhibited significant toxicological effects in both frog species, and exhibited
a correlation between level of effect and sediment total PCB concentration. A sediment MATC of 3.3 mg/kg total
PCBs was determined based on the EC20 value for the Phase Ill metamorph malformation endpoint (based on
both measured and spatially weighted total PCB concentrations). This MATC was supported by result of an
amphibian community study conducted between 1999 and 2000, in which detailed data were collected for wood
frogs (e.g., numbers of frogs entering and leaving pools, numbers of metamorphs captured leaving the pools).
Species abundance, richness, and malformation rates were assessed for multiple species in selected vernal pools,
which species richness, abundance of salamanders, and malformation rates in larval wood frogs all exhibiting
concentration-dependence for PCB exposures.

The MATC from this study (3.3 mg/kg total PCBs) is considered to be applicable to the KIH evaluation given the
similarity of the Aroclor composition of PCB mixtures, the ecological relevance of test species (particularly leopard
frogs), and the sensitivity of the endpoints used in the study. The 95™ percentile total PCB concentration from the
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PC-W management unit is 1.8 mg/kg dw and other KIH management units with amphibian habitat have 95
percentile PCB concentrations below 0.4 mg/kg dw. Therefore, the concentrations of PCBs in sediments adjacent
to Orchard Street Marsh do not appear to reach levels of ecological concern to sensitive amphibian species.

6.3.2 National Environmental Research Park

Hopkins et al. (2000) studied the adverse effect of by coal combustion wastes to larval bullfrogs
(Rana catesbeiana) at the National Environmental Research Park located near Aiken, South Carolina. The test
species is also observed in KIH, and the COPCs included several metals that are elevated in KIH sediment. Larval
bullfrogs were collected at four sites (two polluted by and two unpolluted by coal combustion wastes) during the
study. The authors documented an increased incidence of axial malformations in bullfrog larvae inhabiting two
sites contaminated with coal combustion wastes (e.g., 18 and 37% of larvae exhibited lateral curvatures of the
spine, whereas zero and 4% of larvae from two reference sites had similar malformations). In addition, malformed
larvae from the most contaminated site had decreased swimming speeds compared with those of normal larvae
from the same site.

Larvae from the most heavily polluted site had significantly higher tissue concentrations of potentially toxic trace
elements, including arsenic, cadmium, selenium, copper, chromium, and vanadium, compared with conspecifics
from the reference sites. The authors concluded that the complex mixture of contaminants produced by coal
combustion is responsible for the higher incidence of adverse effects. Some of the constituents that correlated
with response magnitude included:

m  Arsenic—the sites contaminated with coal combustion wastes contained 29-49 mg/kg dw arsenic, relative to
2 mg/kg at the two reference sites with no known anthropogenic input of contaminants. The 95™ percentile
arsenic concentration from the PC-W management unit is 10 mg/kg dw, which is below the concentration
associated with effects to bullfrogs.

m  Copper—the sites contaminated with coal combustion wastes contained 44—85 mg/kg dw copper, relative to
9—19 mg/kg at the two reference sites with no known anthropogenic input of contaminants. The 95%
percentile copper concentration from the PC-W management unit is 110 mg/kg dw, which exceeds the
concentration associated with effects to bullfrogs.

m Chromium—the sites contaminated with coal combustion wastes contained 22-24 mg/kg dw chromium,
relative to 8 mg/kg at the lower of the two reference sites with no known anthropogenic input of contaminants.
The 95" percentile chromium concentration from the PC-W management unit is 6,176 mg/kg dw, which is
much higher the concentration associated with effects to bullfrogs.

The above study provides some information of relevance to KIH. However, the study is confounded by the elevated
selenium (and other) concentrations, particularly as selenium is the most frequently documented teratogen of the
trace elements having elevated levels in larval bullfrogs from the two polluted sites (Hopkins et al. 2000).

6.4 Conclusions

The available literature information provides some information of the potential effects of contaminated sediments
to herptiles, specifically the sensitivity of amphibians to sediment associated PCBs and metals. This information
does not provide compelling evidence for adverse effects associated with any the COPCs for which sediment
toxicity information is available. However, there are some indications of potential contaminant-based risks to
herptiles given the elevated levels of chromium, and to a lesser extent copper, relative to sediment effects levels
observed at other sites. Although the chromium found in the vicinity of Orchard Street Marsh has been
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demonstrated to have low bioavailability relative to other sites, it is not known whether the predominantly
hexavalent speciation or other site-specific factors are sufficient to ameliorate toxicity to herptiles in KIH.

The field studies of herptiles adjacent to the Site, particularly those characterizing the Orchard Street Marsh,
provide anecdotal confirmation that populations of herptiles, including species sensitive to contamination (such as
the leopard frog L. pipiens), can at least partially withstand the contamination. However, the site surveys do not
provide a basis for concluding that the population density or developmental health of these organisms is not
impaired. This evaluation is highly uncertain given that no site-specific toxicity data are available, available field
studies are semi-quantitative, and given that the literature review could not identify reliable amphibian ecotoxicity
benchmarks for chromium or PAHSs, two of the priority COPCs identified in sediments adjacent to marsh habitats.

From the risk evaluations of other organism groups, specifically wildlife and bottom fish, it is evident that the
sediment conditions at the mouth of the unnamed creek (draining Orchard Street Marsh into the PC-W
management unit) already pose moderate risk to ecological receptors overall. This area contains elevated
concentrations of PAHs, PCBs, and chromium, and the combination of risks from these substances results in a
level of ecological risk worthy of management attention. Risks to herptiles, if present, would simply increase the
overall level of ecological risk in this area. These contaminant-based risks must be juxtaposed against the fact that
the mouth of the unnamed creek currently includes substantial productive wetland habitat, which is essential for
many of the wildlife and herptiles observed in the area. Accordingly, proposed management solutions for this area
must consider both potential contaminant stressors as well as biophysical stressors associated with physical
intervention in sensitive habitats with SAR species. Similar considerations may apply for other portions of KIH
shoreline habitat, including near Douglas Fluhrer Park, whereas risks to some receptors have been identified due
to PAH contamination.

6.5 Residual Uncertainties

The conclusions described in Section 6.4 have several caveats based on the high level of uncertainty for herptiles
relative to other receptor groups:

m Reptile risks unknown—Reptilian Species at Risk (SAR) have been identified in KIH, such as the stinkpot
turtle and northern map turtle. The community survey data available for the area south of Belle Park are
inadequate to discern whether soil or sediment contamination has damaged individuals or populations of
these species.

m  Amphibian habitat distribution—To date, research on amphibian communities in KIH has focussed on the
Orchard Street Marsh and adjacent aquatic environments. In addition to the Parks Canada property, turtles
have been anecdotally observed in other shoreline areas of KIH, including near Douglas Fluhrer Park. In
conjunction with remedial planning for KIH, it is recommended that more detailed surveys of amphibian and
reptile habitats be conducted along the western shoreline. This information may not be adequate to quantify
risks to these species or to identify contaminant benchmarks for their protection. However, at minimum they
would provide input into the selection of the shoreline management alternatives where sediments have been
identified as posing risk to other receptor groups.

m  Other COPCs—For some primary COPCs (e.g., PAHs, mercury), insufficient data are available to evaluate
potential risk specific to these contaminant groups.
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m Soil versus sediment exposures—Related to the lack of detailed habitat and biological information for resident
herptiles is uncertainty regarding the relative contribution of terrestrial (soil) versus aquatic (sediment and
water) based uptake pathways. This information gaps makes it difficult to assign risks to the KIH water lots
as distinct from upland contamination sources such as the former tannery and smelter operations brownfield
area.

m Lack of site-specific toxicity data—no toxicity tests (water or sediment) have been conducted using amphibian
species. Amphibian toxicity testing is much less developed in Canada relative to freshwater invertebrate
toxicity testing. However, methods are currently under development by Environment Canada in partnership
with commercial laboratories, and they are collectively working toward a standardized laboratory protocol for
a chronic larval development and metamorphosis using L. pipiens (Lo et al. 2014).
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7.0 HUMAN HEALTH RISK ASSESSMENT
7.1 Introduction

Health Canada reviewed the RMC-ESG (2014) reporting package and determined that the HHRA (Chapter 1V)
needed to be refined in recognition of several issues identified by Health Canada. The key issues identified by
Health Canada are summarized in Section 7.1.1 below. This risk refinement focuses on the issues identified by
Health Canada as requiring refinement, and retains the HHRA components from RMC-ESG (2014) that were
acceptable to Health Canada. The risk refinement therefore builds on the RMC-ESG (2014) risk assessment, with
refining of risks for select parameters, pathways and assumptions, based on comments provided by Health
Canada. This section emphasizes the rationale and details for required changes to the RMC-ESG risk models,
and does not duplicate information presented in RMC-ESG (2014) that has remained unchanged.

7.1.1 Key Topics Identified by Health Canada as Requiring Refinement

The following is a summary of the key issues identified by Health Canada as requiring refinement, based on their
review of the RMC-ESG (2014) HHRA.

m  Selecting and screening of COPCs—Although RMC-ESG (2014) captured the primary substances of concern
in the HHRA, Health Canada requested that the COPC screening be revisited to identify whether additional
substances should have been retained for evaluation (e.g., volatile organics or additional metals).

m Exposure point concentrations—Several concerns were raised with the choice of exposure metric used in
the HHRA, based on the upper confidence limit of a mean of data from the entire harbour, rather than
considering that individual receptors may access the shoreline at various locations along the western shore
of KIH which may have localized higher concentrations of COPCs.

m Sedimentingestion during in-water recreational activities—Comments were made regarding the assumptions
related to the incidental ingestion of sediments in surface water during recreation.

m Fishingestion assumptions—Several comments were made by Health Canada on the fish ingestion pathway,
particularly with respect to amortization of fish ingestion rates.

m Sediment dermal adherence—Several comments related to the potential over-conservatism in dermal
adherence factors (e.g., the use of soil dermal adherence factors to evaluate exposure to suspended
sediments, uncertainty associated with the use of the Shoaf et al. (2005a,b) dermal adherence factors to
estimate dermal exposure to bedded sediments submerged under water), particularly given the importance
of this pathway for driving overall risk in the RMC-ESG HHRA).

m Toxicity reference values—Refinement of the lead TRV assessment was recommended.

7.1.2 Overview of Methods

The RMC-ESG (2014) HHRA was refined to address the concerns raised by Health Canada in Section 7.1.1,
above. The risk refinement includes an evaluation of current conditions. No evaluation of potential future scenarios
has been conducted as part of the risk refinement. Although brownfield redevelopment scenarios have been tabled
for the Orchard Street Marsh and associated riparian areas, there is currently insufficient information on future site
use to prescribe any specific future exposure scenarios.
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The human health risk refinement is supported by the following sections:

m Section 7.2—Refined COPC Screening;

m Section 7.3—Updated Exposure Scenarios and Exposure Pathways;

m Section 7.4—Toxicity Assessment; and

m Section 7.5—Risk Characterization and Evaluation of Uncertainty.

The human health risk refinement was completed using the following Health Canada guidance documents:

m Health Canada 2010a. Federal Contaminated Site Risk Assessment in Canada, Part |: Guidance on Human
Health Preliminary Quantitative Risk Assessment, Version 2.0, 2010, Revised 2012;

m Health Canada 2010b. Federal Contaminated Site Risk Assessment in Canada, Part |l: Health Canada
Toxicological Reference Values and Chemical-Specific Factors, Version 2.0, 2010;

m Health Canada 2010c. Federal Contaminated Site Risk Assessment in Canada, Part V: Guidance on Human
Health Detailed Quantitative Risk Assessment for Chemicals (DQRAchem), September 2010; and

m Health Canada 2013. Interim Guidance on Human Health Risk Assessment for Short-Term Exposure to
Carcinogens at Contaminated Sites.

7.1.3 Human Use of Kingston Inner Harbour and Exposure Pathways and Areas
Considered

Human Use of Kingston Inner Harbour

The human health risk refinement considered potential exposure of people to three areas of Western KIH, referred
to as "exposure areas" — North, Central and South (see Figures 17, 18 and 19). The three areas of KIH were
selected based on consideration of natural characteristics of the shoreline, existing access, and desirability for
recreational use. The identification of separate exposure areas is a direct response to Health Canada’s concern
that different areas of the KIH shoreline may have different human exposure profiles. A description of each area
is provided below.

North Exposure Area

The north exposure area is adjacent to the former Belle Landfill, Belle Island and the Orchard Street Marsh. The
shoreline along the former Belle Landfill and Belle Island is in close proximity to walking trails. This area has
sediments that are exposed when the water levels are low, and the sediments consist of a firm muddy substrate
near Belle Island (Figure 17 — Photographs 1-3), and loosely consolidated mud in the vicinity of Orchard Street
Marsh. The majority of the exposed sediments in this area do not support human weight for hiking and would
inhibit access to the water (Figure 17 — Photograph 4). The shallow water and dense macrophyte beds in this
area would also make the water area undesirable for swimming.

Central Exposure Area

The central exposure area is adjacent to Kingston Rowing Club, Emma Martin Park, and the former Woolen Mill.
A limited area near the shoreline has sediments that are occasionally exposed when water level changes; however,
the maijority of the sediments here are submerged under water (hereafter referred to as ‘submerged bedded
sediments’). Access to the water in this area is restricted somewhat by sheet pile, stone or riprap retaining walls
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(Figure 18 — Photograph 3). The water of KIH is most accessible to the public by a concrete boat launch ramp at
Emma Martin Park, or from the floating dock or boat launch ramp provided at the Kingston Rowing Club (Figure
18 — Photograph 4). Presence of macrophyte beds in this area would make the water area undesirable for
swimming.

South Exposure Area

The south exposure area is adjacent to Douglas Fluhrer Park and Anglin Bay; this area hosts an active marina
and shipyard. Douglas Fluhrer Park provides walking trails along the shoreline of KIH; however, access to the
water is somewhat limited due to steep and vegetated rip-rap banks. There are no exposed sediments in the south
exposure area; the sediments here are submerged under water. Water in this area contains dense macrophyte
beds and presence of woody debris (e.g., derelict wooden structures) that would make this area undesirable for
swimming (Figure 19 — Photographs 1-5) but could attract curious pedestrians. Water access in the vicinity of
Anglin Bay is limited to a concrete boat launch ramp or floating docks in the marina.

Exposure Pathways Considered

Consultation with Health Canada during the risk refinement indicated a priority for identification of “beach-like”
areas along the shoreline. Here, we define beach-like to mean a gently sloping bank of soil/sediment adjacent to
the water, and with a substrate type that is highly conducive to human recreation (e.g., wading, digging, picnicking).
Under current conditions, there are no sandy beach-like areas in Western KIH, nor are there areas that are enticing
to recreational users, as described above. Therefore, human exposure in this area was assumed to occur through
limited shoreline use, or via swimming or recreational activities such as boating, where people may occasionally
come into contact with submerged, bedded sediments. Accordingly, human contact with bedded sediments was
included as an operable pathway for human exposure, but was appropriately limited in magnitude (duration,
frequency, and type of exposure) concordant with realistic site use patterns under current conditions. Areas of
exposed sediment are present in the north and central exposure areas of KIH during low water levels; however,
these areas are not considered “beach-like”. Therefore, it was considered unlikely that people would spend time
in areas of occasionally exposed to sediment. If site redevelopment were to result in significant changes to the
riparian areas, through re-grading of foreshore, configuration of walkways or access points, or other shoreline
alterations, these assumptions would need to be revisited.

It was assumed that dermal contact with bedded sediments would only occur with the top 0 — 15 cm of the sediment
profile. This is considered reasonable, as exposure to exposed sediment during periods of low water was assumed
to only occur while accessing the shoreline (e.g., it was not assumed that people would be extensively digging in
the exposed sediment). A sediment investigation completed by Golder (2013d) showed that deeper sediments
may contain higher concentrations of some COPCs than surficial sediments in certain areas of the KIH. In the
event of significant sediment disturbance or removal (e.g., during dredging), there is potential for the deeper, more
contaminated sediments to become exposed. However, the contamination at depth is not evenly distributed.
Additional sampling and/or coring would be required to adequately evaluate the sediment exposure at depths
greater than 15 cm. Evaluation of this pathway is considered to be beyond the scope of the human health risk
refinement. Furthermore, the risk refinement evaluated a current Site use scenario. If sediment conditions will
change in the future, the risk assessment should be updated accordingly.
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Summary of Exposure Areas and Management Units Considered in the Risk
Refinement

Figures 17, 18, and 19 illustrate the North, Central and South exposure areas and the data considered for each
area. The managements units included in each exposure area are shown in Table 7 below.

Table 7: Areas and Management Units Considered in the Risk Refinement

o Management Units Considered for Each Medium and Area
Receptor Area Area Description
Sediment Surface Water 23 Fish
South of and
Adjacent to Former PC-W,
Recreational Western KIH | Belle Landfill/ PC-E, PC-E,
User Exposure Orchard Street PC-W, TC-OM, Western half of KIH !
Area - North | Marsh/ TC-OM TC-RC,
Former Lead TC-1
Smelter
TC-RC,
Western KIH | Former Lead WM,
Recreational | Exposure Smelter/ TC-RC, TC-OM, 1
User Area - Emma Martin Park/ WM TC-1, Western half of KIH
Central Woolen Mill TC-2A*,
TC-2B*
TC-2A*,
TC-3A%,
TC-2A, TC-4*,
Recreational Western KIH | Douglas Fluhrer TC-3A. TC-AB*, 1
Exposure Park/ Western half of KIH
User Area - South | Anglin Bay TC-4, WM,
TC-AB TC-2B*,
TC-3B*%,
TC-5*
Notes:

KIH = Kingston Inner Harbour; NA = not applicable.

1 —"Western half of Kingston Inner Harbour' (KIH) includes management units PC-E, PC-W, TC-OM, TC-RC, TC-1, WM, TC-2A, TC-2B, TC-
3A, TC-3B, TC-4, TC-5 and TC-AB.

2 — The management units considered for the water pathways for each exposure area evaluated include those identified for sediment
exposure and adjacent management units. In some cases, water quality data were not available in a management unit. This is indicated with
an asterisk.

3 — In the absence of water quality data for several management units in the South Exposure Area of Western KIH, water quality data from
south-central KIH (immediately adjacent to management units TC-3B and TC-5) were included in the data set.

* = water quality data were not available within this management unit

Potential exposure pathways considered in the risk refinement were those related to the aquatic environment
(i.e., sediment [incidental ingestion and dermal contact], surface water [incidental ingestion and dermal contact]
and fish ingestion). Please refer to RMC-ESG (2014) Chapter IV, Table IV-11 for the rationale for excluding
pathways related to soil (e.g., dust inhalation), groundwater, and vapours.
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7.2 Refined Contaminant of Potential Concern Screening

A refined screening approach was used to determine the COPCs for human health. A tiered approach was used
to identify COPCs, as described below. This approach was applied to the relevant media (sediment, surface
water, fish tissue). Further details are provided in the media-specific screening sections below.

1) Step 1—Elimination of substances that are inert or have very low toxicological hazard, where applicable (see
Section 7.2.1 [Sediment));

2) Step 2—Comparison of measured concentrations to health-based guidelines and standards and background
sediment concentrations (see Section 7.2.1 [Sediment], Section 7.2.2 [Surface Water] and Section 7.2.3
[Fish]); and

3) Step 3—Comparison of measured concentrations to reference area concentrations, where applicable (see
Section 7.2.1 [Sediment]). The 95% UCLM was used to represent KIH sediment concentrations and the
95" percentile concentration was used to represent reference conditions.

In general, Canadian (i.e., CCME and Health Canada) and Ontario (i.e., OMOE) environmental quality guidelines
and standards were used in Step 2 of the screening process. In the absence of Canadian environmental quality
guidelines and standards for a particular substance, environmental quality criteria from other international
regulatory jurisdictions (i.e., the US EPA) were used.

7.2.1 Sediment
7.2.1.1 Addressing Low Hazard Constituents

Some metals and essential minerals are commonly analyzed in environmental samples (as part of the standard
suite of metals treated by the analytical method) but generally have low toxicological hazard at environmental
concentrations, even at industrial sites. Many of these constituents are present naturally in sediment and are
present in a toxicologically inert form, and some are essential micro- and macro-nutrients.

Although essential minerals (i.e., calcium, magnesium, phosphorus, potassium and sodium) may be present in
media in the study area, they were excluded from further consideration in the COPC screening process based on
their low hazard potential in combination with a lack of relevant screening values. These essential minerals serve
a variety of biochemical, intracellular, and ion balance purposes in human tissues, and are naturally occurring
substances included in routine analytical chemical analyses. Government agencies often do not develop regulatory
criteria for these parameters and other innocuous substances because these constituents:

i) are essential nutrients;
ii) have low hazard potential; and
iii) are not known or expected to be associated with on-site activities (Health Canada 2010c).

7.2.1.2 Comparison to Health Based Criteria and Background/Reference

The maximum measured surficial (0 — 15 cm) sediment concentrations in each exposure area were calculated
from the data collected by Benoit and Dove (2006), Benoit and Burniston (2010), Golder (2011, 2012, 2013), RMC-
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ESG (2011, 20143%) and Tinney (2006) and then compared to health-based guidelines/standards and reference
area concentrations as described below.

Health-based criteria were identified to provide a basis for contaminant screening. Currently, there are no human
health-based sediment criteria published from a Canadian jurisdiction. In the absence of sediment criteria for
human health, soil quality guidelines and standards for residential/parkland use for a direct contact scenario
(incidental ingestion and dermal contact) were used in the screening process. It is acknowledged that soil criteria
are developed based on exposure factors specific to human interactions with soil, and that human exposure to
sediments is typically different from human exposure to soil (e.g., potentially greater dermal adherence and
ingestion rates); however, based on the exposure scenario and site conditions at KIH, the soil quality guidelines
are considered sufficiently protective of human health. For example, people are not expected to visit the site
regularly or participate in high contact-type activities. There are no beach-like areas in KIH, and sediments that
would be accessed by receptors are submerged under water.

For screening of human health significance, health-based soil criteria were selected over generic values, with
CCME values given preference over OMOE values. Ontario background sediment standards were also considered
in the COPC screening process. Where Ontario background sediment standards were higher than health-based
criteria, the background standards were selected to screen the data (i.e., if concentrations were below Ontario
background sediment standards, the parameter was not considered a COPC). In the absence of Canadian criteria
and Ontario background standards, concentrations were compared to health-based US EPA regional screening
levels (RSLs) for soil.

The following is a summary of the guidelines and standards considered in the screening process:

1) CCME (1999)—Canadian soil quality guidelines for protection of human health (residential land use). Where
available, screening values for relevant pathways were used (i.e., soil ingestion, direct contact). The
Canadian soil quality guidelines are typically based on an allocation of 20% of the provisional tolerable daily
intake of soil (i.e., assuming 20% of a person’s tolerable daily intake of a chemical comes from soil, and the
remaining 80% comes from other sources such as food and water);

4) OMOE (2011)—Ontario soil standards (S1 Risk standards) for protection of human health (residential land
use). The S1 Risk standards are derived assuming a high-frequency, high-intensity, human health exposure
scenario equivalent to that of a surface soil contact scenario at a residential/parkland/institutional or
agricultural/other site, and assume that sensitive receptors (e.g., toddlers, pregnant women) are present
24 hours per day, 7 days per week. The S1 Risk value is calculated using toxicity reference values (TRVs)
and a soil ingestion and dermal exposure model.

5) OMOE (2011)—Ontario background sediment standards, which are considered to provide human health and
ecosystem protection consistent with background and protective of sensitive ecosystems.

6) In the absence of health-based Canadian criteria (CCME or OMOE) and Ontario background sediment
standards, the US EPA RSLs for Residential Soil (direct contact pathways) for Chemical Contaminants at
Superfund Sites (US EPA 2015) were used to screen for COPCs. For non-carcinogens, the RSLs were

3 The RMC-ESG 2014 sediment data included data collected by Benoit and Dove (2003), Golder (2010) and Malroz (2005).

3

17 August 2016 ?Golder
Report No. 1416134-004-R-Rev1 64 Associates



KINGSTON INNER HARBOUR RISK ASSESSMENT REFINEMENT

adjusted to an HQ of 0.2 (to reflect an allocation of 20% of a person’s tolerable daily intake from soil), and for
carcinogens, the RSLs were adjusted to reflect a cancer risk level of 1 in 100,000.

The sediment screening is presented in Appendix C —Table 1. Table 8 below presents a summary of the sediment
COPCs for each exposure area. The RMC-ESG (2014) identified copper, zinc, DDT, chlordane, fluoranthene,
phenanthrene, naphthalene and pyrene as COPCs; however, based on the refined screening approach, including
comparison to health-based soil guidelines, and an updated data set (considering only surficial sediments and
removal of dredged samples from the data set), these chemicals were no longer considered COPCs for human
health.

Based on the refined screening, aluminum, cobalt, manganese and vanadium were identified as additional COPCs
and were carried forward in the risk refinement.

Table 8: Summary of Sediment COPCs Retained for the Human Health Risk Refinement

Exposure Area of Western KIH
COPC
North Central South

Metals

Aluminum \ \ \
Antimony \ \ \
Arsenic \ \ \
Chromium (1I1) * \ \ \
Cobalt X x/ X
Lead \ \ \
Manganese \ \ \
Mercury (inorganic) X \ X
Vanadium \ \ \
Organics

Total PCBs 2 l \/ v
Carcinogenic PAHs 3 \ \ \

Notes:

V= COPC; X = nota COPC

1 — Chromium is present in surficial sediment in the Inner Harbour in its Cr(lll) form (RMC-ESG 2014).

2 — Data were available for non-coplanar PCBs. Dioxin-like PCB congener data are not available (they have not been analyzed for in
sediment; RMC-ESG [2014]).

3 — Carcinogenic PAHSs include benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(j)fluoranthene, benzo(k)fluoranthene,
benzo(g,h,i)perylene, chrysene, dibenz(a,h)anthracene and indeno(1,2,3-cd)pyrene.

Although sediment iron concentrations exceeded the US EPA RSL for soil, iron was not retained as a COPC for
human health for the following reasons:

m Concentrations in the three exposure areas were similar to reference area concentrations, and generally
close to background levels within KIH. A discussion of the distribution of iron in KIH sediment is provided in
Section 2.5.3.

] Iron is considered an essential nutrient.

m There are no suitable toxicity reference values for assessing chronic exposure to iron (values have not been
derived by Health Canada, the US EPA Integrated Risk Information System [IRIS], the Agency for Toxic
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Substances and Disease Registry [ATSDR], the Netherlands National Institute of Public Health and the
Environment [RIVM] or the World Health Organization [WHOQO)]).

In Health Canada’s 2014 expert support comments on the RMC-ESG (2014) deliverable (Appendix D),
Health Canada noted that data for volatile organics in sediment were reported for one sample from KIH in a
previous version of RMC-ESG Chapter Il (RMC-ESG 2009), including relatively low but measureable
concentrations of benzene, toluene ethylbenzene, and xylenes, isopropylbenzene and trimethylbenzene. Golder
reviewed the data from this sample (sample ID 08-42135, as referenced in RMC-ESG [2009]). The sample was
collected in an unnamed creek in management PC-W, at a depth of 25 to 30 cm, which is outside of the expected
zone of direct contact for human health. Regardless, the detectable concentrations identified are below health-
based soil guidelines/standards.

7.2.2 Surface Water

Surface water chemistry data were available for KIH (RMC-ESG 2014), and included data for a subset of metals
(total and dissolved antimony, arsenic, chromium, copper, lead and zinc), PAHs, and PCBs (Aroclors 1254 and
1260, and total PCBs). For high molecular weight organics that are not soluble in water (e.g., PAHs and PCBs), a
quantitative evaluation of dermal exposure via surface water was considered to be inappropriate. The state of
practice in human health risk assessment does not currently support a sufficiently reliable exposure estimate for
trace concentrations of hydrophobic constituents in surface water. The detected concentrations of these
parameters would be related to suspended particulates.

Maximum measured total surface water concentrations in Western KIH were compared to applicable screening
guidelines. For this purpose, health-based criteria were selected for screening rather than aesthetic objectives
whenever available. In the absence of health-based Health Canada drinking water quality guidelines and OMOE
drinking water standards, the US EPA RSLs for Residential Tapwater (US EPA 2015) were used if available. The
US EPA RSLs were adjusted to reflect the acceptable target risk levels in Canada (i.e., RSL x 0.2 for non-
carcinogens and RSL x 10 for carcinogens). The potable water guidelines are derived based on the average daily
intake of drinking water for an adult (Health Canada 1995), and recreational users would be exposed to a much
lower volume of incidentally ingested surface water during recreational activities. Therefore, the potable water
guidelines were adjusted by a factor of 10 to reflect an incidental ingestion rate that is 10 times lower than the
intake of potable drinking water, as per guidance from the World Health Organization (WHO 2003). The WHO
(2003) adjustment of 10% of potable water intake is based on a swimming scenario, and is therefore reasonable
for the recreational user, who was assumed to occasionally recreate in KIH. Results of the surface water screening
are summarized in Appendix C — Table 2.

The following COPCs were identified in surface water:
m  chromium; and
m lead.

Chromium and lead were also identified as COPCs in sediment.

7.2.3 Fish

Soil criteria do not account for the potential for chemicals to biomagnify in the aquatic food web, and are therefore
not suitable for identifying biomagnifying substances that should be considered in evaluating risks associated with
the consumption of fish from the site. Methylmercury and PCBs, which are both site-related, were identified as
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biomagnifying chemicals, and were retained as COPCs to be evaluated for the fish consumption pathway. Certain
pesticides (e.g., DDT) are site-related and also potentially biomagnify; however, pesticides were not detected in
surficial sediments and were not measured in fish tissues. PAHs were identified as COPCs in sediment; however,
PAHs undergo metabolic transformation in fish (Johnson et al. 2002) and are therefore not considered to be
biomagnifying COPCs. Fish tissue data for PAHs were not available (they were not measured in fish; RMC-ESG
2014).

Arsenic can accumulate in fish tissues but is primarily in the form or organoarsenic compounds which are relatively
non-toxic to humans (Neff 1997). Arsenic speciation analysis conducted in fish tissues from KIH indicated non-
detectable concentrations of organic arsenic. Therefore, arsenic was not considered to be a COPC in fish tissue.

Fish fillet chemistry data were available for the following species considered in the assessment: largemouth bass,
northern pike, and perch (fish species selected based on survey data; see Section 7.3.1.3 for details). Tissue
chemistry data were available from RMC-ESG (2014) and Golder (2011), and included metals and metalloids
(arsenic, chromium [as hexavalent Cr], copper, lead, methylmercury, nickel and zinc) and PCBs. In addition to
identifying potentially biomagnifying chemicals, maximum measured concentrations in fillet samples of the species
of interest were screened against the US EPA Region 3 RSLs for fish ingestion (US EPA 2015). Both non-
carcinogenic and carcinogenic screening levels are available. Non-carcinogenic RSLs were adjusted to an HQ of
0.2, and carcinogenic RSLs were adjusted to reflect a cancer risk level of 1 in 100,000. The fish tissue screening
is provided in Appendix C — Table 3.

The following COPCs were identified in fish:

m lead;

m  mercury (as methylmercury); and

m PCBs.

Lead, mercury (inorganic mercury) and PCBs were also identified as COPCs in sediment.

7.2.4 Summary of Contaminants of Potential Concern Identified in the Human
Health Risk Refinement

The results of the COPC screening for the human health risk refinement are summarized in Table 9 below. Based
on the screening process outlined above, several metals, carcinogenic PAHs and total PCBs were identified as
COPCs in one or more exposure zones in sediment. Chromium and lead were also identified as COPCs in surface
water, and lead, mercury (as methylmercury) and PCBs were identified as COPCs in fish. Although the same
COPCs were not identified in each media, where possible, they were evaluated in all relevant exposure pathways
as part of the human health risk refinement. For example, exposure to arsenic, hexavalent chromium, lead,
methylmercury and total PCBs were evaluated for the fish ingestion pathway even though only lead,
methylmercury and total PCBs were identified as COPCs in fish tissue. This multimedia approach was conducted
to account for COPC exposure through multiple routes and pathways. In some cases, this was not possible
because surface water and fish tissue chemistry data were not available for all of the COPCs identified in sediment,
as indicated in Table 9.

s
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Table 9: Summary of Contaminants of Potential Concern Identified in the Human Health Risk Refinement

COPC Sediment Surface Water Fish
Metals
Aluminum \ No data No data
Antimony \ X No data
Arsenic \ X X
Chromium  (Cr i)’ \ X
Cobalt V4 No data No data
Lead \ \ \
Manganese \ No data No data
e " T No data v
Vanadium \ No data No data
Organics
Total PCBs 2 l X v
Carcinogenic PAHs 3 \ X No data
Notes:

\'= COPC; X = not a COPC
1 — Chromium is present in surficial sediment in the Inner Harbour in its trivalent form (RMC-ESG 2014).

2 — Data were available for non-coplanar PCBs. Congener data for dioxin-like PCBs were not available as PCB congeners were not
analyzed (Section 2.5.4).

3 — Carcinogenic PAHSs include benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(j)fluoranthene, benzo(k)fluoranthene,
benzo(g,h,i)perylene, chrysene, dibenz(a,h)anthracene and indeno(1,2,3-cd)pyrene.

4 — Cobalt and mercury were identified as COPCs in sediment only in the Central exposure area of Western KIH.

7.3 Updated Exposure Assessment

This section describes the human receptors, exposure scenarios and operable exposure pathways evaluated in
the risk refinement. Tables are provided summarizing receptor characteristics (updated where necessary based
on feedback from expert support, such as for incidental water ingestion rates), exposure assumptions (updated
where necessary based on feedback from expert support, such as for frequency of exposure), and updated
exposure concentrations (taking into account the updated data sets and the management units described in
Section 2.6).

7.3.1 Scenarios and Exposure Pathways

Three areas of Western KIH were evaluated in the risk refinement—North, Central and South—as defined in
Section 7.1.

Potential exposure pathways considered in the risk refinement are those identified by Health Canada as requiring
refinement, and are those related to the aquatic environment (i.e., sediment, surface water and fish). The following
exposure pathways were re-evaluated in the risk refinement:

m Incidental ingestion of suspended sediment (in shallow waters);

m Dermal contact with bedded sediments;

m Incidental ingestion of surface water (in deeper waters; as total COPC water concentrations);

1‘ >
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m Dermal contact with surface water; and
m Ingestion of Fish.
For each exposure area (North, Central or South), two scenarios were considered as follows:

1) Shallow Water/Shoreline Scenario

= Activities—The shallow water/shoreline scenario considered the following activities: wading or playing in
the waters adjacent to the shoreline, and consumption of fish from the Western KIH.

= Exposure Pathways—The shallow water/shoreline scenario considered the following exposure pathways:
dermal contact with bedded sediments and surface water, incidental ingestion of suspended sediments,
and ingestion of fish.

2) Deep Water Scenario

= Activities—The deep water scenario considered the following activities: boating activities and swimming
in deeper waters (e.g., jumping off the boat for a swim), and consumption of fish from Western KIH.

= Exposure Pathways—The deep water scenario considered dermal contact with surface water, incidental
ingestion of total COPC concentrations in surface water (rather than ingestion of suspended sediments),
and ingestion of fish. Dermal contact with bedded sediments was not retained for the deep water scenario,
as it was assumed that someone would not be in contact with deep bedded submerged sediments while
swimming, and would likely access deeper waters via a vessel (e.g., a boat), rather than via the shoreline.

It was assumed that people would be in direct contact (experiencing dermal contact and incidental ingestion) with
water and sediment during summer months (i.e., a period of 17 weeks, from June through September).

Ingestion of fish from the harbour was assumed to be year round (not seasonal).

For the sediment and water pathways, frequency of exposure was assumed to vary for North and Central versus
South exposure areas, based on natural characteristics of the shoreline, existing access, and desirability for
recreational use. As described in Section 7.1.3, the aesthetic value of the shoreline area varies with the South
exposure area offering more desirable recreational use than the North and Central exposure areas (see also
Figures 17, 18 and 19). The risk refinement therefore considered this aspect of the Site in the assumptions of
exposure frequency. The following exposure frequency was assumed for the three exposure areas considered:

m one event per week for the North and Central areas; and
m two events per week for the South area.

The following sections outline the issues related to exposure identified by Health Canada in their review of the
RMC-ESG (2014) HHRA, and the refinements made.
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7.3.1.1 Sediment Pathway Refinements

Table 10: Sediment Pathways—Summary of Issues and Refinements, with Assumptions and Rationales

Issue Summary

Refinements Made

Incidental Ingestion of Suspended Sediment while Swimming

The exposure scenario evaluated by RMC-ESG (2014) for KIH involved a
receptor wading and swimming in the near-shore water, where they may be
exposed to COPCs in sediments submerged under water, including suspended
sediments and bedded sediments. For exposure to bedded sediments,
RMC-ESG (2014) assumed sediment ingestion rates of 200 mg/day for toddlers
and 100 mg/day for adults, for people in contact with exposed sediments (i.e.,
not submerged under water). Health Canada indicated that these rates would
not be relevant for the site, given that people are not expected to be in contact
with exposed sediments, and incidental ingestion of sediment would likely occur
primarily via incidental ingestion of suspended sediment in surface water while
playing in the water.

For exposure to suspended sediments, RMC-ESG used a suspended sediment
ingestion rate of 1.5 mg/day. However, Health Canada recommended that
values proposed by Wilson and Meridian, for incidental ingestion of suspended
sediments during in-water recreational activities, be considered, rather than the
lower suspended sediment rates (1.5 mg/day) used in the HHRA.

People were assumed to occasionally swim or recreate in Kingston Inner Harbour, and
could incidentally ingest suspended sediment while swimming/recreating in shallow
waters close to the shoreline.

The risk refinement used the suspended sediment ingestion rate recommended by
Health Canada (i.e., the Wilson et al. [2015] rate of 7.7 mg/day) to evaluate incidental
ingestion of suspended sediments while recreating in shallow waters.

For several COPCs, RMC-ESG (2014) used 95% UCLM concentrations for the
entire KIH (i.e., the full area defined as the APEC) to represent exposure
concentrations. Health Canada did not agree with this approach, so we
identified areas that reflect exposures for a plausible weighted average
scenario (see Section 3.1 and 7.3.2.1).

The risk refinement considered surface sediments (0 to 0.15 m), and estimated
exposure for three areas of Western KIH, rather than using a 95% UCLM for the entire
inner harbour, so as to not underestimate potential risks for receptors who may visit
areas with localized higher concentrations of COPCs in sediments.
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Dermal Contact with Submerged Bedded Sediments

RMC-ESG (2014) evaluated risks associated with dermal contact of hands, arms
and legs with sediment, and applied dermal adherence factors for sediments
reported by Shoaf et al. (2005a,b) to evaluate exposure to bedded sediments
submerged under water. RMC-ESG applied soil dermal adherence factors from
Health Canada PQRA Part | (2010a) to evaluate exposure to suspended
sediments. Health Canada indicated that there is significant uncertainty associated
with the use of the Shoaf et al. (2005a,b) dermal adherence factors to estimate
dermal exposure to bedded sediments submerged under water, and suggested
that refinement of dermal exposure estimates be considered. Health Canada
indicated that if dermal exposure were to be re-evaluated, one potential approach
would be to use one set of dermal adherence factors to estimate combined
adherence of both bedded sediments submerged under water and suspended
sediments in water, rather than considering them separately and adding the
exposures, because exposure to bedded and suspended sediments in water
would generally occur simultaneously for receptors playing in shallow water along
the shoreline. Furthermore the existing dermal adherence factors likely
overestimate adherence for both bedded and suspended sediments in water.

There is uncertainty in the evaluation of contaminant exposure from dermal
contact with sediments. The risk refinement considers dermal contact of sediment
with feet, based on the following rationale:

1 — The exposure to sediments at the site is expected to be only with submerged
bedded sediments (sediments under water), as there are no beach-like areas.
Sediment contact is expected to be low or incidental only, as the recreational
activities that people are expected to be participating in (e.g., swimming,
windsurfing, boating, and fishing) are not typically expected to result in frequent or
significant sediment contact.

2 — The water in areas where people may be recreating (e.g., in the lower half of
the western shoreline of the inner harbor) is accessed by climbing down riprap or
by jumping off of docks into the water. Much of the sediment is expected to wash
off as people move through or exit the water. It is therefore considered reasonable
to assume that feet would be the only part of the body in direct contact with the
submerged bedded sediments.

The risk refinement used different dermal loading estimates, with assumptions
and rationale as described below.

3 — We understand the importance of comparing the expected exposure condition
with that of the experimental study used to derive absorption estimates. The
conditions/exposure scenario at the site do not fall clearly into any of the
categories for which dermal sediment adherence factors are available.

4 — The sediments in KIH are comprised of primarily silt and clay with relatively
high organic carbon content (greater than 10% in some locations). People are not
expected to come into contact with exposed sediments, based on the current site
conditions (there are no beach-like areas with exposed sediments).

5 — The Kissel 1996 dermal adherence factor of 6.7 mg/cm? for feet, for children
exposed to lake shoreline mud, during unscripted play with shoes off (2nd
exposure) was used in the risk refinement. This rationale for using this dermal
adherence factor is based on the following:

a) The available data (from Shoaf et al. 2005a,b and Kissel 1996) are for
“shoes on” versus “shoes off’. We considered the “shoes off’ data, as it was
considered to be likely that some people would be barefoot in the water.

b)  We also considered sediment type. Although the Kissel 1996 data do not

indicate particle size, the description of “lake shoreline mud” appears to be
more consistent with the fine particle sized sediment and higher organic
carbon in sediment at the site (compared to coarse data available from the
Shoaf et al. 2005b study).

The site surficial submerged bedded sediments primarily consist of silt and
clay with an organic carbon content >2% (and >10% in about 20% of
samples).
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c) Because our exposure scenario considers submerged bedded sediments,
and because sediment is expected to wash off as people move through or
exit the water, the lower of the two Kissel 1996 values may be more
reasonable, and is still expected to be protective of both direct sediment
contact and contact with suspended sediments, as the dermal factors are
conservative. The difference between the two scenarios considered by
Kissel 1996 appears to be exposure time, with the first exposure being for
10 minutes, and the second for 20 minutes.

6 — We reviewed the Shoaf et al. (2005a) article on adult dermal sediment loads,

and the conditions/exposure scenarios in the study are not consistent with those

at our site. For example:

a) only one participant in the study was barefoot, while this would be very
unlikely at our site because of the ‘mud-like’ sediment conditions in the
areas that people may be in contact with sediments (they would lose their
shoes in the sediment)

b) the sediments in the study were described as very fine to fine sand, with a
mean organic carbon content of 0.58%, while the sediments in the areas
where people may be exposed in KIH are comprised of primarily silt and
clay with a relatively high organic carbon content (greater than 10% in some
locations).

7 — For teens and adults, in consideration of expected exposure condition versus

the experimental study used to derive absorption estimates, and in the absence of

sediment dermal adherence factors for adults for a similar exposure condition, the

Kissel 1996 dermal adherence factor of 6.7 mg/cm? for children’s feet was used.

Although this value is for children, it is more consistent with the expected
exposure conditions at the site (shoes off, “mud-like” sediments), and is more
conservative than the Shoaf et al. (2005a) value of 0.58 mg/cm? for adults.

8 — It was assumed that people would be in contact with sediment for one hour

per event, and that sediment could adhere for two hours. An amortization term of

two hours/24 hours was incorporated into the dose estimation for dermal
exposure. Dermal exposure to soil/sediment is typically assumed to occur as an
event, with the soil/sediment assumed to stay adhered to the skin until the next
event (or until it is washed off). In the exposure scenario for this Site, where
exposure to sediments is with submerged, bedded sediments, it is expected that
the sediment would wash off of feet as people move through or swim in the water,
and exit the water (there are no beach-like areas, so access is generally via rip
rap or off of docks).

It is also assumed that people would wash or clean their feet following recreational

use. It was therefore considered reasonable to apply this term of 2 hours/24

hours.
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9 — In the absence of sediment dermal absorption factors, the soil dermal
absorption factors (i.e., from Health Canada PQRA Guidance - Part ) were
applied in the dose estimation calculations for the sediment dermal contact
pathway.

For several COPCs, RMC-ESG (2014) used 95% UCLM concentrations for the
entire KIH (i.e., a single APEC) to represent exposure concentrations. Health
Canada did not agree with this approach, so we identified areas that reflect
exposures for a plausible weighted average scenario.

The risk refinement considered surface sediments only, and estimated exposure
for three areas of Western KIH, rather than using a 95% UCLM for the entire inner
harbour, so as to not underestimate potential risks for receptors who may visit
areas with localized higher concentrations of COPCs in sediments.

7.3.1.2 Surface Water Pathway Refinements

Table 11: Surface Water Pathways—Summary of Issues and Refinements, with Assumptions and Rationales

Issue Summary

Refinements Made

Incidental Ingestion of Surface Water while Swimming

RMC-ESG (2014) did not consider incidental ingestion of COPCs in surface
water as a pathway. Health Canada indicated that it would be useful to evaluate
risks associated with consumption of surface water during recreation based on
total COPC concentrations in surface water as a check for comparison with the
estimates based on predicted exposure to suspended sediments.

People were assumed to occasionally swim or recreate in Kingston Inner Harbour,
and could incidentally ingest surface water while swimming/recreating. Therefore,
incidental ingestion of surface water was included as a pathway. For shallow waters
close to the shoreline, incidental ingestion of suspended sediments in water was
included as a pathway (see Section 7.3.1.1). For deeper waters, incidental ingestion
of water was based on total COPC concentrations and an incidental surface water
ingestion rate appropriate for swimming.

The risk refinement used an incidental surface water intake of 50 mL/hour from
Dufour et al. (2006) as cited in Wilson et al. (2015) for all age groups evaluated.

Dermal Contact with Surface Water while Swimming (Whole Body)

RMC-ESG (2014) did not consider dermal contact with COPCs in surface water
as a pathway.

Dermal exposure to surface water was included as a pathway for the risk refinement.
It was assumed that people may be in contact with surface water while swimming or
conducting recreational activities (whole body contact).

For high molecular weight organics that are not soluble in water (e.g., PAHs and
PCBs), a quantitative evaluation of dermal exposure via surface water was
considered to be inappropriate. The state of practice in human health risk
assessment does not currently support a sufficiently reliable exposure estimate. The
detected concentrations of these parameters would be related to suspended
particulates.
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7.3.1.3 Fish Ingestion Pathway Refinements

Table 12: Fish Ingestion Pathway—Summary of Issues and Refinements, with Assumptions and Rationales

Issue Summary

Refinements Made

Fish Species Included in the Risk Assessment

In the RMC-ESG (2014) risk assessment, fish data were not separated by
species. Health Canada suggested exploring the potential for risks associated
with selective consumption of a species with the highest concentrations, in case
some people may have a preference for a particular species.

Available fish data (i.e., fillet samples from perch, largemouth bass and pike), from
Western KIH were pooled, based on the following rationale:

a) A 2003 survey conducted by the OMOE (“Results of the 2003 Guide to
Eating Ontario Sport Fish Questionnaire”) indicated that there was no
particular preference for fish species.

b) Survey data show the most frequently consumed sport fish in Ontario
were walleye (67.2%), smallmouth bass (56.4%), yellow perch (46.8%),
largemouth bass (43.2%) and northern pike (39.2%). Of these species,
fillet data were available for perch, largemouth bass and pike.

c) The home range of perch, largemouth bass and pike, is expected to be
within the spatial extent of KIH (Golder 2012a)

d) People may fish anywhere in KIH

e) Survey data indicate that most people consume the fillet of fish (most
frequently eaten parts included skinless dorsal fillet [47.4%] and skin-off
full-side fillet [31.9%)]).

Fish Consumption Rates and Amortization

The RMC-ESG (2014) risk assessment used fish consumption rates developed
based on information from the OMOE (2006) document 2003 Guide to Eating
Ontario Sport Fish Questionnaire which is relevant for fish consumption in the
Great Lakes. The meal size of 236 g/meal and the consumption frequency of 39
meals/year were used to derive an average daily consumption rate of 24.9 g/day.
Health Canada indicated that this results in a significant amortization of exposure
to COPCs in fish tissue. Health Canada also indicated that it was not clear
whether survey respondents consumed the 39 meals throughout the year (e.g.,
some fish frozen for future consumption) or whether consumption occurred
primarily within a limited fishing season. Health Canada recommended that
exposure amortization be completed on a chemical and site-specific basis with
supporting scientific rationale.

Fish consumption rates were assumed to be similar across all three exposure
areas evaluated as part of the risk refinement. It was assumed that people may be
consuming fish throughout the year (e.g., people may store fish for future
consumption).

The following modifications/assumptions regarding the fish ingestion pathway were
made:

Meal Size

a) The OMOE 2015/2016 Guide to Eating Ontario Fish (OMOE 2015)
reports an average meal size of 227 grams/meal (for an average adult
weighing 70 kg). The Health Canada document “Human Health Risk
Assessment of Mercury in Fish and Health Benefits of Fish Consumption”
by the Bureau of Chemical Safety and Food Directorate, Health Products
and Food Branch, reports an average meal size of 150 grams/meal for
Canadian adults consuming finfish.

b) the OMOE average meal size of 227 grams/meal was used for adults as it
is relevant to Ontario, and is also the meal size used in developing the
fish consumption advisories. This value is more conservative than that
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Issue Summary

Refinements Made

c)

reported by Health Canada. In the absence of meal size information for
teens, the adult average meal size was adopted (i.e., 227 grams/meal).
In the absence of meal size information for toddlers and children in the
OMOE 2015/2016 Guide to Eating Ontario Fish (OMOE 2015), from
which the adult average meal size was obtained, portion sizes for toddlers
and children were obtained from the Health Canada (2007) document
“Human Health Risk Assessment of Mercury in Fish and Health Benefits
of Fish Consumption” by the Bureau of Chemical Safety and Food
Directorate, Health Products and Food Branch. The values presented in
this document are average meal sizes for children ages 1 to 4 (i.e.,
toddlers) and ages 5 to 11 consuming finfish, and are 75 grams/meal and
125 grams/meal, respectively.

Consumption Frequency and Amortization

a)

b)

The OMOE (2006) document “2003 Guide to Eating Ontario Sport Fish
Questionnaire” summarizes meal frequency for which survey respondents
reported consumption of fish caught by angling from Ontario waters. An
average frequency of 39 meals/year was reported, with the most common
consumption frequency in 2003 being "several times per year" (~22%;
this was renamed from "once per 4 months" in the previous survey
conducted in 1999), followed by "twice per month" (~18%) and "once per
week" (~17%). Approximately 10% of respondents reported consuming
more than one meal per week, and about 10% indicated that they only
consumed fish during their vacation. Between 1 and 2% of respondents
reported consuming fish "never", "once/year" or "daily". Based on this
information and based on discussions with OMOE, who have indicated
that people fish throughout the year in Ontario, the meal frequency
reported by OMOE (2006) appears to be representative of fish
consumption throughout the year, rather than concentrated within a
limited fishing season.

The average annual meal frequency reported in OMOE (2006) is similar
to the finfish consumption frequencies reported in the Health Canada
document “Human Health Risk Assessment of Mercury in Fish and Health
Benefits of Fish Consumption” by the Bureau of Chemical Safety and
Food Directorate, Health Products and Food Branch (Health Canada
2007). Health Canada provided mean consumption frequencies for
Canadian seafood eaters, of 1 4 meals per week for adults and <1 meal
per week for toddlers (age group 1 to 4 years) and children (age group 5
to 11 years) consuming finfish (sport fish or subsistence consumers).
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Issue Summary Refinements Made

c) The Health Canada consumption frequency of 1 ¥4 meals per week was
applied for teens and adults, and an average of one meal per week for
toddlers and children, for Canadians consuming finfish. These Health
Canada values are consistent with that reported by OMOE (~39 meals

per year for adults), and are more conservative (when compared as a
weekly average).
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7.3.1.4

and Duration

Summary of Characterization of Potential Receptors, Exposure Frequency

Receptor characteristics used to evaluate the potential exposure pathways at the site are presented in Table 13.
The Health Canada (2010a) PQRA Part | Guidance was consulted for standard parameters such as body weight
and life stage duration. Rationale for the remaining selected parameters is provided in Section 7.3.1 above.

Recreational users were assumed to include toddlers, children, teens and adults. A toddler (i.e., age 7 months to
4 years) was selected to represent people of all ages for non-carcinogens, as this is the age category which would
have the greatest exposure to body weight ratio and thus the highest risk estimate. A composite receptor was
used to evaluate cancer risks (i.e., cumulative ILCRs were calculated for the four age groups considered relevant
to the site, including toddler, child teen and adult life stages).

For this assessment, it was assumed that any COPC could be a developmental toxicant, and therefore exposure
was only amortized over a week (i.e., exposures were treated as chronic exposures). Further details are provided
in the Toxicity Assessment (Section 7.4).

Table 13: Receptor Characteristics

Toddler Child Teen Adult
Units >6<r5n;,rto 11y | 1218y 20yt Source/Rationale
GENERAL PARAMETERS
Body weight kg 16.5 32.9 59.7 70.7 Health Canada (2010a)
Life stage duration years 4.5 7 8 60 Health Canada (2010a)
Life expectancy years 80 80 80 80 Health Canada (2010a)

A. SEDIMENT PATHWAYS

1) Incidental ingestion of suspended sediments during in-water recreational activities (Shallow Water/Shoreline

Scenario)

Suspended sediment

Wilson et al. (2015); rate of 7.7

; . kg/hr 7.7x10 7.7x10% | 7.7x10 7.7x10° mg/hour converted to kg/hour
ingestion rate 5

(1x10° mg per kg)
2) Dermal contact with sediment
Skin surface area 2 Richardson (1997), as cited in
available for contact (feet) cm 430 720 1,080 1,200 Intrinsik (2011)

Kissel (1996) dermal
Sediment to skin kg/cm?- 5 5 5 o | adherence factor of 6.7 mg/cm?
adherence factor (feet) event 6.7x10 6.7x10 6.7x10 6.7x10 for children’s feet, converted to

kg/cm? (1x108 mg per kg)

e
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Toddler Child Teen Adult

Units Source/Rationale

>6 mo to

<5 yr 5-11 yr 12-19 yr 220 yr

3) Exposure duration and frequency for sediment pathways

Events per day events/ 1 1 1 1 site-specific assumption; same
day for all three exposure areas

Event duration - incidental | hours/ 1 1 1 1 site-specific assumption; same

ingestion of surface water | event for all three exposure areas
site-specific assumption; same
for all three exposure areas;

Event duration - dermal hours/ it was assumed that sediment

2 2 2 2
contact day contact would occur for up to

one hour, and that sediment
could adhere for two hours

Days per week (7 days)

North Exposure Area of days/

Western KIH week 1 1 1 1 site-specific assumption
Central Exposure Area of | days/ . i .
Western KIH week 1 1 1 1 site-specific assumption
South Exposure Area of days/ . i .
Western KIH week 2 2 2 2 site-specific assumption

Weeks per year (52 weeks; carcinogens only; chemical specific)

North Exposure Area of weeks/ 17 17 17 17 site-specific assumption; June
Western KIH year through September
Central Exposure Area of | weeks/ 17 17 17 17 site-specific assumption; June
Western KIH year through September
South Exposure Area of weeks/ 17 17 17 17 site-specific assumption; June
Western KIH year through September

B. SURFACE WATER PATHWAYS

1) Incidental ingestion of surface water (Deep Water Scenario)

Dufour et al. (2006), as cited in
Wilson et al. (2015), provides a
surface water ingestion rate of
50 mL/hour (0.05 L/hour).
L/hour 0.05 0.05 0.05 0.05 Assuming 1 hour per event,
and 1 event per day (as
indicated below for each
exposure zone evaluated, this
translates to 0.05 L/day)

Surface water ingestion
rate

2) Dermal contact with surface water

Skin surface area
available for contact cm? 6,130 10,140 15,470 17,640 Health Canada (2010a)
(whole body)
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Toddler Child Teen Adult
Units Source/Rationale
>6 mo to
<5 yr 5-11 yr 12-19 yr 220 yr
3) Exposure duration and frequency of direct contact with surface water
Events per day events/ 1 1 1 1 site-specific assumption; same
day for all three exposure areas
Event duration hours/ 1 1 1 1 site-specific assumption; same
event for all three exposure areas
Days per week (7 days)
North Exposure Area of days/ . i .
Western KIH week 1 1 1 1 site-specific assumption
Central Exposure Area of | days/ . i .
Western KIH week 1 1 1 1 site-specific assumption
South Exposure Area of days/ . i .
Western KIH week 2 2 2 2 site-specific assumption
Weeks per year (52 weeks)
[carcinogens only; chemical specific]
North Exposure Area of weeks/ 17 17 17 17 site-specific assumption; June
Western KIH year through September
Central Exposure Area of | weeks/ 17 17 17 17 site-specific assumption; June
Western KIH year through September
South Exposure Area of weeks/ 17 17 17 17 site-specific assumption; June
Western KIH year through September
C. FOOD PATHWAYS - FISH INGESTION
toddler and child - Health
Canada (2007) average meal
size for toddlers and children
consuming finfish;
teen/adult - OMOE (2015)
ka fish/ average meal size for an
Fish ingestion rate rr?eal 0.075 0.125 0.227 0.227 average adult weighing 70 kg
(meal sizes for teens not
available in Health Canada
[2007] or OMOE [2015];
therefore meal size for teens
conservatively assumed to be
the same as that for adults)
Exposure Frequency
Meals per week V”::;LS/ 1 1 1.25 1.25 Health Canada (2007)
people were assumed to be
Weeks per year (52 weeks/ consuming fish throughout the
weeks; carcinogens only; year 52 52 52 52 year; assumption the same for

chemical specific)

the three exposure areas
evaluated

Notes:

> = greater than; = = greater than or equal to; < = less than, cm? = square centimetre; kg = kilogram; kg/cm? = kilogram per square

centimetre; KIH = Kingston Inner Harbour; L = litre; mg = milligram; mo = month, yr = year.
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7.3.2 Exposure Concentrations

The sediment, surface water, and fish fillet exposure concentrations used in the risk refinement are provided in
Appendix C — Table 4. A brief summary is provided below, organized by media.

7.3.2.1 Sediment

For sediment, a 95% upper confidence limit of the mean (UCLM) was calculated for each COPC in each exposure
area, and was the statistic used as the exposure concentration in the risk refinement. The sediment exposure
concentrations are provided in Appendix C —Table 4. The 95% UCLMs were calculated using sediment chemistry
data as described below.

m Spatial depictions of surface sediment (0 — 0.15 m) chemistry distributions (for 2003 to 2013 inclusive) were
created using an ArcGIS Version 10.3.1 inverse-distance weighting (IDW) interpolation method.

m The IDW creates an estimation of the surface distribution of each chemical using multivariate interpolation of
known concentrations of a scattered set of sampling locations.

m The IDW surface was then divided into 5 x 5 m grids and the interpolated concentration of each grid was
used to calculate the 95% UCLMs for each COPC within a study area.

m The 95% UCLMs were calculated using US EPA ProUCL software, version 5.0 (US EPA 2013).
7.3.2.2 Surface Water

For surface water, where sufficient data were available, 95% UCLMs were calculated using the US EPA's ProUCL
software (version 5.0, US EPA 2013). Where a parameter was detected and insufficient data were available to
calculate a 95% UCLM, the 90" percentile was calculated where possible; otherwise the maximum detected
concentration was used as the exposure concentration.

Where a parameter was not detected in any of the samples in the area being evaluated (e.g., antimony, arsenic,
and several PAHSs), half the detection limit was used as the exposure concentration. This approach assumes that
on average, all values between the detection limit and zero could be present, and that the average value of
non-detects could be as high as half the detection limit. This method is reasonable as it is assumed that it is
possible that the COPCs identified in sediment may be present in water at some concentration below the detection
limit. Using a half detection limit where data are non-detect is more conservative than the alternate approach of
assuming that a non-detect means that the chemical is absent, and more reasonable than assuming that where
data are below detection limits, that a COPC is present at the detection limit, which would be a highly conservative
approach and would bias risk estimates high.

The surface water exposure concentrations are provided in Appendix C — Table 4.

7.3.2.3 Fish

As described in Table 12 (Section 7.3.1.3), available chemistry data from fillet samples of species consumed by
people and collected in Western KIH were pooled, and included perch, largemouth bass and pike (data from RMC-
ESG 2014). The fish tissue exposure concentrations are provided in Appendix C — Table 4.

Where sufficient data were available, 95% UCLMs were calculated using the US EPA's ProUCL software (version
5.0, US EPA 2013). Where a parameter was not detected, half the detection limit was used as the exposure
concentration (refer to Surface Water above for rationale).
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Five samples were analyzed for arsenic, which were all below the laboratory detection limit. However, the
numerical detection limit was not reported by RMC-ESG (2014). For arsenic, the detection limit of these five
samples was assumed to be the same as that reported for speciated arsenic (<0.010 mg/kg). As all reported
values were non-detect, half the detection limit was used as the exposure concentration.

Total chromium was not analyzed in fish, and the available data are for hexavalent chromium (RMC-ESG 2014).

Five samples were analyzed for lead, three of which were below the laboratory detection limit. However, the
numerical detection limit was not reported by RMC-ESG (2014). For lead, the maximum detected concentration
was used as the exposure concentration.

7.3.3 Exposure Equations

The exposure equations used in the risk refinement are presented in Appendix C, and were obtained from Health
Canada (2010a) unless otherwise indicated.

Calculated exposure doses are provided by receptor type in Appendix C (Tables 5 to 10). Sample calculations
were also conducted manually to provide an additional check for the model calculations, and are included in
Appendix C.

7.4 Toxicity Assessment

Toxicity assessment involves identification of the potentially toxic effects of chemicals and determination of the
amount of chemicals that can be taken into the body without experiencing adverse health effects. The toxicity
assessment provides the basis for evaluating what is an acceptable exposure and what level of exposure may
adversely affect people’s health. The toxicity assessment provides a measure of the potential for adverse effects
to carcinogenic (non-threshold) and non-carcinogenic (threshold) chemicals.

The risk refinement focuses on addressing the gaps and refinements needed based on the FCSAP Expert Support
comments provided, and does not include a refinement of the toxicity reference values used in the RMC-ESG
(2014) risk assessment, as the toxicity assessment was not identified as requiring refinement based on Health
Canada’s review, with the exception of lead (see below). For COPCs identified by RMC-ESG and re-evaluated as
part of this risk refinement, the TRVs used in the RMC-ESG (2014) risk assessment were checked for updates.
The cancer classification, TRVs, mode of action, and oral and dermal relative absorption factors used in the risk
refinement are provided in Appendix C — Table 11.

Several new COPCs were identified as part of the refined COPC screening, and include aluminum, cobalt,
manganese and vanadium. For these COPCs, TRVs were selected preferentially from Health Canada (2010b) if
available. Where a Health Canada TRV was not available, TRVs were selected from the US EPA IRIS database
(US EPA 2015), the World Health Organization (WHO), the Netherlands National Institute of Public Health and the
Environment (RIVM) or, the Agency for Toxic Substances and Disease Registry (ATSDR). A summary of the
TRVs used in the risk refinement is included in Appendix C — Table 11.

Lead

Health Canada indicated that the Contaminated Sites Division (CSD) of Health Canada currently does not endorse
a TRV for lead for use in human health risk assessments at contaminated sites. The previous value in Health
Canada's guidance (i.e., a tolerable daily intake [TDI] of 3.6 ug/kgBW-day), is no longer recommended for use
within contaminated site risk assessments. Health Canada also no longer recommends the use of the OMOE TDI
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of 1.85 ug/kg-day, which was the value used in the RMC-ESG (2014) human health risk assessment. Health
Canada recommends that risk assessors weigh the available information to arrive at a suitable TRV based on
sound professional judgement.

In the absence of a specific recommended value from Health Canada, the TRVs used for lead in the risk refinement
were oral reference doses (RfDs) derived by SNC Lavalin for children and adults (SNC Lavalin 2012) as follows:

m Forinfants, toddlers and children—an oral RfD of 0.6 ug/kgBW-day (approximately equivalent to a blood lead
level of 2 pg/dL) based on the daily dose associated with a 1 1Q point decrement in infants, toddlers and
children (WHO 2010, 2011, as cited in SNC Lavalin 2012).

m  For adults—an oral RfD of 1.3 pg/kgBW-day based on blood pressure effects and protective of women of
childbearing age (SNC Lavalin 2012). A daily dose of 1.3 pg/kgBW-day would result in no more than a
1-mmHg increase in average systolic blood pressure (WHO 2011, as cited in SNC Lavalin 2012). To be
protective of fetal 1Q effects, the daily dose in women of childbearing age that should not result in exceeding
a cord blood lead concentration of 2.0 pg/dL is 1.5 pyg/kg-day (SNC Lavalin 2012). Therefore, the oral RfD of
1.3 pg/kg-day was selected, as it is protective of both blood pressure effects and effects on the fetus for
women who are pregnant or could potentially become pregnant. In the absence of a lead TRV for teens, that
for adults was applied to teens.

PCBs

The available sediment and fish tissue data from RMC-ESG (2014) are for total PCBs, and sometimes included a
subset of Aroclors (e.g., Aroclor 1254, 1260). Data were not available for dioxin-like PCB congeners, and therefore
exposure to dioxin-like PCBs could not be evaluated as part of this assessment.

Although there is information available on dioxin-like PCB congener concentrations in commercial Aroclors
(Narquis et al. 2007), from which proportions could be estimated, assuming that the proportions of PCB congeners
in commercial Aroclors represent what is present in sediment in Western KIH would be highly uncertain and would
result in unreliable risk estimates. In environmental samples, often multiple Aroclor sources with overlapping
congeners are present, and natural processes may occur once released into the environment, which may alter the
PCB pattern (Naval Facilities Engineering Command 2012). Making an assumption about composition and
concentrations of dioxin-like PCBs that may be present would therefore be unreliable. If further information on
potential risks from exposure to dioxin-like PCBs is needed, it is recommended that samples are collected and
analyzed for the dioxin-like PCB congeners of interest.

Developmental Toxicants and Amortization

Dose averaging was considered on a site- and chemical-specific basis. The anticipated effects of the dose-
averaged exposure should remain biologically equivalent to the unadjusted exposure, and need to consider the
target organ or form of cancer, mode/mechanism of action, duration of effects, likelihood of exposures during a
sensitive life-stage, and whole-body elimination half-life. A summary of this information is provided in
Appendix C — Table 11.

Health Canada recommends that for developmental toxicants, exposure should not be amortized beyond days per
week. There is evidence that inorganic arsenic, lead, mercury and dioxin-like PCBs are developmental toxicants
(Equilibrium Environmental Inc. 2009). However, for many of the COPCs identified at the site, mechanisms of
toxicity other than the endpoint used to derive the chronic TRV are not clear or are unknown. Many contaminants

3

17 August 2016 ?Golder
Report No. 1416134-004-R-Rev1 82 Associates



KINGSTON INNER HARBOUR RISK ASSESSMENT REFINEMENT

could cause developmental effects at sufficiently high doses. Therefore, it was conservatively assumed that any
of the COPCs could be developmental toxicants, and exposure was not amortized beyond a week, so as to not
underestimate exposure for potential developmental effects.

The TRVs used in the risk refinement for threshold contaminants are chronic TRVs and were derived based on
long-term and continuous exposures. Based on the observed site conditions and input from Health Canada,
continuous daily recreational use of the inner harbour by people was considered to be beyond reasonable
expectations. More reasonable, yet conservative and site-specific expectations for site use were for one or two
days per week over the summer weather. If people do use the site for the recreational activity assumed in this risk
refinement, contaminant exposure would not be continuous, but a pulse exposure (weekly) with several days of
depuration prior to an additional pulse exposure. The duration of exposure at KIH is less than that which the TRVs
are based on, and it is expected that there would be periods of recovery in between the pulse (weekly exposures)
for threshold contaminants.

Mutagenic Carcinogens

For carcinogens known to act via a mutagenic mode of action (i.e., carcinogenic PAHSs), risks were estimated for
both long-term exposure and for short-term exposure, in order to address concerns about potential exposure
during sensitive life stages. Age-dependent adjustment factors (ADAFs) were applied in calculating cumulative
ILCRs for short-term exposures, and were taken from Health Canada’s recent interim guidance for short-term
exposures to carcinogens (toddler [5], child [3], teen [2], adult [1]; Health Canada 2013).

Bioavailability

Assumptions made by RMC-ESG (2014) on bioavailability were not revisited as part of this risk refinement, as
Health Canada did not identify any issues with respect to bioavailability. As per RMC-ESG, the bioavailability of
COPCs for the ingestion exposure pathway was assumed to be 100%. In the absence of sediment dermal
absorption factors, the soil dermal absorption factors (i.e., from Health Canada [2010b] and OMOE [2011]) were
applied in the dose estimation calculations for the sediment dermal contact pathway and are summarized in
Appendix C — Table 11.

7.5 Risk Characterization

For a threshold acting chemical, the risk characterization is expressed as a hazard quotient (HQ), which is the
ratio of the estimated dose to the toxicity reference value (TRV) or reference dose. The HQs for a COPC
associated with the different pathways of exposure were added to determine the potential risk associated with total
exposure to a chemical. In addition, HQs calculated for different COPCs were summed if they have the same
mode(s) of action on a target organ.

A risk estimate of 0.2 is considered negligible (Health Canada 2010a). For lead, an HQ of less than or equal to 1.0
was considered acceptable. The 1Q effects associated with lead exposure are considered to be non-threshold
(SNC Lavalin 2012). The TRVs for lead were determined using the slope factors from relevant dose-response
analyses rather than from no-observed-adverse-effect-levels (NOAELS) or lowest observed-adverse-effect-levels
(LOAELS). Therefore, SNC Lavalin (2012) has been recommended that the lead TRV be applied to risk
assessment without consideration of a soil allocation factor less than 1.0.
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Due to the conservative nature of the assumptions applied in the calculations, HQs greater than 0.2 (or 1.0 for
lead) do not necessarily mean risks are unacceptable; however, it would indicate that further assessment may be
required.

For a non-threshold acting chemical, the risk characterization is expressed as an incremental lifetime cancer risk
(ILCR), which is calculated as the estimated dose multiplied by TRV or slope factor. Health Canada (2010a)
considers one in one hundred thousand (1 x 10°) as an acceptable ILCR. An ILCR of less than 1 x 10 is
considered essentially negligible (Health Canada 2010a). An ILCR greater than 1 x 10 is indicative of a potential
health concern that should be examined more closely.

7.5.1 Results
7.5.1.1 Non-Carcinogens

Health risks were evaluated for potential human recreational users (toddlers, children, teens and adults) at the
Site. For non-carcinogens, a summary of total HQs for the shallow water and deep water scenarios and each
COPC are summarized for the toddler in Table 14. An assessment of uncertainty and conservatism in the risk
refinement is summarized in Section 7.5.2.

Based on the exposure assumptions used, calculated HQs were above the acceptable level for mercury and PCBs
for the toddler for both the shallow water/shoreline scenario and deep water scenario. The risks for these two
COPCs were driven by the fish ingestion pathway.

A breakdown of the contributions of HQs via sediment ingestion and dermal contact, surface water ingestion and
dermal contact and fish ingestion is provided in Appendix C — Table 6. COPCs with HQs greater than the target
of 0.2 are discussed further below.

m Mercury: an HQ of 0.62 was identified for the toddler for both shallow water/shoreline and deep water
scenarios in all three Western KIH exposure areas evaluated. The HQs were driven by the fish ingestion
pathway, which was based on exposure to methylmercury.

m Total PCBs: an HQ of 1.0 was identified for the toddler for both shallow and deep water scenarios in all three
Western KIH exposure areas evaluated. The HQs were driven by the fish ingestion pathway. As indicated in
Section 7.4, in the absence of congener-specific dioxin-like PCB data, it was not possible to estimate risks
for dioxin-like PCBs.
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Table 14: Hazard Quotients for the Toddler

Scenario Shallow Water/Shoreline Scenario Deep Water Scenario

\é\;e;;gme}(ﬁea North Central South North Central South

Metals

Aluminum 1.4E-03 2.0E-03 2.6E-03 NA?2 NA?2 NA?

Antimony 1.4E-02 1.5E-02 2.6E-02 6.1E-03 6.1E-03 1.2E-02

Arsenic 1.6E-02 4.2E-02 2.6E-02 1.3E-02 1.3E-02 1.6E-02

Chromium 1.5E-01 1.4E-01 1.4E-01 7.3E-02 7.2E-02 7.2E-02

Cobalt NA' 2.2E-03 NA' NA?2 NA?2 NA?

Lead 6.1E-01 4.7E-01 4.8E-01 5.9E-01 4.5E-01 4.4E-01

Manganese 3.5E-04 5.5E-04 8.7E-04 NA?2 NA?2 NA?

Mercury (as

methylmercury 6.2E-01 6.2E-01 6.2E-01 6.1E-01 6.1E-01 6.1E-01

in fish)

Vanadium 1.9E-03 3.0E-03 4.3E-03 NA?2 NA? NA?

Organics

Total PCBs 1.0E+00 1.0E+00 1.0E+00 | 1.0E+00 1.0E+00 1.0E+00
Notes:

KIH = Kingston Inner Harbour; NA = not applicable; PCBs = polychlorinated biphenyls.
1 — Cobalt was not identified as a COPC in the north and south exposure areas of Western KIH.
2 — Not measured in surface water; therefore exposure from this pathway could not be estimated.

Bold and shaded cells indicate a hazard quotient greater than 0.2 (or 1.0 for lead).

Comparison of Fish Tissue Concentrations in Western KIH to Reference Area

For mercury and PCBs, fish ingestion was the driving pathway for non-carcinogenic risks.

The total PCB concentrations in fillets of largemouth bass, northern pike and yellow perch sampled in Western
KIH were used to estimate the total PCB exposure concentration, which was a 95% UCLM of 0.2 mg/kg wet weight.
Fillet data for these same fish species from reference areas were not available for total PCBs. The total PCB
concentrations in whole fish and partial fish from reference areas ranged from 0.017 to 0.15 mg/kg wet weight.
The 95% UCLM of total PCBs in fillets of relevant species of fish collected from the exposure area (Western KIH)
was greater than the range observed in the reference area.

The methylmercury concentrations in fillets of largemouth bass, northern pike and yellow perch sampled in
Western KIH were used to estimate the methylmercury exposure concentration, which was a 95% UCLM of
0.19 mg/kg wet weight. Fillet data for these same fish species from reference areas were not available for
methylmercury. The methylmercury concentrations in whole fish from reference areas ranged from 0.05 to
0.13 mg/kg wet weight. The 95% UCLM of methylmercury in fillets of relevant species of fish collected from the
exposure area was greater than the range observed in the reference area.

Fish Consumption Advisories

There are currently fish consumption advisories for these COPCs in the Cataraqui River, Belle Island Area in
Leeds County (OMOE 2015). The fish consumption advisories for mercury are for largemouth bass, northern pike
and walleye. The fish consumption advisories for PCBs are for black crappie, bluegill sunfish, brown bullhead,
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common carp, largemouth bass, northern pike, walleye and white sucker. Table 15 summarizes the recommended
monthly consumption for fish species considered in the human health risk refinement.

There is also fish consumption advisory for yellow perch due to chromium, but risks from chromium exposure were
below the acceptable level (Table 14 Appendix C — Table 6).

Table 15: Recommended Fish Consumption of Fish Containing Mercury and Polychlorinated Biphenyls

<h H Recommended Consumption?
Fish Species Fish Lengt (meals/month)
(cm)
General Population Sensitive? Population

Largemouth bass 151035 8 8
9 35 to 45 4 4
Northern pike 4010 65 8 8
P 65 to 75 8 4

Notes:
1 — Based on an average meal of 227 g for a 70 kg adult.

2 — Women of child-bearing age or children under 15 years.

7.5.1.2 Carcinogens

For carcinogens, ILCRs for the shallow water/shoreline and deep water scenarios and each COPC are
summarized for the composite receptor (sum of risks for toddler, child, teen and adult) in Table 16. For
non-threshold carcinogens acting through a mutagenic mode of action, as recommended by Health Canada
(2013), age dependent adjustment factors (ADAFs) were applied to account for the sensitivity of the
age-dependent exposure period. These results are also presented in Table 16 (Short-term Carcinogenic Exposure
to PAHs).

Based on the exposure assumptions employed, calculated long-term ILCRs for the composite receptor were above
the acceptable level for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(j)fluoranthene,
benzo(k)fluoranthene, dibenzo(a,h)anthracene, indeno(1,2,3-c,d)pyrene and the sum of carcinogenic PAHSs in all
three Western KIH exposure areas evaluated under the shallow water/shoreline scenario. The calculated short-
term ILCRs for the composite receptor were above the acceptable level for the same PAHs with the exception of
chrysene, which exceeded the acceptable level in the northern exposure area of Western KIH. The ILCRs were
below the acceptable level in the deep water scenario, where dermal exposure to bedded sediments was not
assumed to occur.
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Table 16: Incremental Lifetime Cancer Risks for the Composite Receptor

Scenario Shallow Water/Shoreline Scenario Deep Water Scenario
Western ﬁIrZaExposure North Central South North Central South

Metals
Arsenic 5.6E-06 7.9E-06 6.4E-06 | 5.4E-06 5.4E-06 5.5E-06
Long-term Exposure to Carcinogenic PAHs
Benzo(a)anthracene 3.2E-05 6.9E-05 5.5E-05 2.0E-10 2.0E-10 3.9E-10
Benzo(a)pyrene 4.1E-04 7.1E-04 6.1E-04 9.9E-11 9.9E-11 2.0E-10
Benzo(b)fluoranthene 1.9E-05 6.8E-05 6.6E-05 9.9E-11 9.9E-11 2.0E-10
Benzo(g,h,i)perylene 3.0E-06 4.1E-06 4.1E-06 2.0E-11 2.0E-11 3.9E-11
Benzo(j)fluoranthene 8.9E-05 8.9E-05 1.1E-04 NA' NA' NA'
Benzo(k)fluoranthene 2.2E-05 3.2E-05 3.9E-05 9.9E-11 9.9E-11 2.0E-10
Chrysene 9.3E-06 7.2E-06 5.2E-06 9.9E-12 9.9E-12 2.0E-11
Dibenzo(a,h)anthracene 9.8E-05 1.1E-04 1.3E-04 2.0E-09 2.0E-09 3.9E-09
Indeno(1,2,3-c,d)pyrene 5.4E-05 4.6E-05 4.6E-05 2.0E-10 2.0E-10 3.9E-10
:,‘:Ha'scam'”oge“'c 7.3E-04 1.1E-03 1.1E-03 2.7E-09 2.7E-09 5.4E-09
Short-term Exposure to Carcinogenic PAHs?
Benzo(a)anthracene 4.1E-05 9.0E-05 7.1E-05 4.2E-10 4.2E-10 8.4E-10
Benzo(a)pyrene 5.3E-04 9.3E-04 7.9E-04 2.1E-10 2.1E-10 4.2E-10
Benzo(b)fluoranthene 2.4E-05 8.9E-05 8.5E-05 2.1E-10 2.1E-10 4.2E-10
Benzo(g,h,i)perylene 3.9E-06 5.4E-06 5.4E-06 4.2E-11 4.2E-11 8.4E-11
Benzo(j)fluoranthene 1.2E-04 1.2E-04 1.4E-04 NA' NA' NA'
Benzo(k)fluoranthene 2.8E-05 4.1E-05 5.1E-05 2.1E-10 2.1E-10 4.2E-10
Chrysene 1.2E-05 9.4E-06 6.8E-06 21E-11 2.1E-11 4.2E-11
Dibenzo(a,h)anthracene 1.3E-04 1.5E-04 1.6E-04 4.2E-09 4.2E-09 8.4E-09
Indeno(1,2,3-c,d)pyrene 7.1E-05 6.0E-05 6.0E-05 4.2E-10 4.2E-10 8.4E-10
;‘;‘Ha's Carcinogenic 9.6E-04 1.5E-03 1.4E-03 5.7E-09 5.7E-09 1.1E-08

Notes:

KIH = Kingston Inner Harbour; PAH = polycyclic aromatic hydrocarbon.

1 — Not measured in surface water; therefore exposure from this pathway could not be estimated.

2 — Short-term carcinogenic exposure to PAHs including the age-dependent adjustment factor for life stage.

Bold and shaded cells indicate an incremental lifetime cancer risk greater than 1 x 10,
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A breakdown of the contributions of ILCRs via sediment ingestion and dermal contact, surface water ingestion and
dermal contact and fish ingestion is provided in Appendix C — Tables 6 to 9. COPCs with ILCRs greater than the
acceptable level of 1 x 107 are discussed further below.

m Total Carcinogenic PAHs in the Shallow Water/Shoreline Scenario: the cumulative long-term ILCRs for
the North, Central and South exposure areas of Western KIH were 7.3 x 104, 1.1 x 10 and 1.1 x 1073,
respectively. The cumulative short-term ILCRs for the North, Central and South exposure areas of Western
KIH were 9.6 x 104, 1.5 x 103 and 1.4 x 1073, respectively. The ILCRs were driven by the dermal contact with
sediment pathway.

7.5.1.3 Contaminants of Potential Concern Acting on the Same Target Organ

When more than one COPCs exhibit similar critical effects or act on the same target organ, via the same mode or
mechanism of action, the risk estimates for these COPCs are generally summed to provide a risk estimate by
target organ/critical effect. Information on target organ/system and mode of action is provided in Appendix C —
Table 11.

Both methylmercury and PCBs target the nervous system and may work synergistically to induce neurological
effects (Beamis and Seegal 1999, as cited in Van Oostam et al. 2005). These two COPCs were summed to
determine the overall effect on the nervous system and are presented in Table 17 for the toddler and teen.
Table 17: Hazard Quotients by Target Organ/Critical Effects for the Toddler and Teen

Target Toddler Teen
Organ/System North | Central | South North | Central South

COPCs

Shallow Water/Shoreline Scenario

Methylmercury, | Nervous 1.6E+00 1.6E+00 1.6E+00 1.3E+00 1.3E+00 1.3E+00
Total PCBs system
Deep Water Scenario
Methylmercury, | Nervous 1.6E+00 1.6E+00 1.6E+00 1.3E+00 1.3E+00 1.3E+00
Total PCBs system

Notes:

COPC = contaminant of potential concern; HQ = hazard quotient; NA = not applicable; total PCBs = total polychlorinated biphenyls

7.5.1.4 Comparison to RMC-ESG (2014) Results

A comparison of the risks estimated by RMC-ESG (2014) and the current risks based on the refinements made in
this assessment is provided below for non-carcinogens and carcinogens. Overall, risks related to the sediment
dermal contact pathway are lower than those estimated by RMC-ESG based on the refinements to exposure
concentrations, exposure frequency and loading rates. In some cases, the pathways evaluated are different than
those evaluated by RMC-ESG (e.g., an evaluation of the fish consumption pathway for several COPCs).

Non-carcinogenic Risk Estimates

RMC-ESG (2014) identified HQs greater than the acceptable level for arsenic, mercury, lead, antimony and PCBs.
In this risk refinement, Golder identified HQs greater than the acceptable level only for mercury and PCBs.
Comparisons of the non-carcinogenic RMC-ESG (2014) risk estimates to the risk refinement risk estimates for the
toddler are presented in Table 18.
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Table 18: Comparison of Total Hazard Quotients for the Toddler from RMC-ESG and the Current Risk

Refinement

COPC

RMC-ESG
(2014) HQ

Refinement

Risk

HQ!

Comparison

Aluminum

NA?

2.6E-03

Aluminum was retained as a COPC in the risk refinement based on
exceedances of the selected sediment screening value; the HQs were below
the acceptable hazard quotient of 0.2.

Antimony

1.3E+00

1.4E-02

Risks from exposure to antimony were acceptable in the risk refinement
(HQ < 0.2). RMC-ESG (2014) indicated that dermal contact with sediment
and sediment ingestion amounted to 82% and 18% of the antimony HQ,
respectively. These same pathways made up 10% and 3% of the total HQ in
the risk refinement. The exposure dose from dermal contact with sediment
was lower because of several refinements made in the risk refinement, to
exposure concentrations, exposure frequency and duration assumptions,
and dermal adherence factors.

Arsenic

8.0E-01

4.2E-02

Risks from exposure to arsenic were acceptable in the risk refinement

(HQ < 0.2). RMC-ESG (2014) indicated that dermal contact with sediment
and sediment ingestion amounted to 58% and 42% of the arsenic HQ,
respectively. These same pathways made up 33% and 35% of the total HQ
in the risk refinement. The exposure dose from dermal contact with sediment
was lower because of several refinements made in the risk refinement, to
exposure concentrations, exposure frequency and duration assumptions,
and dermal adherence factors.

Chromium

1.9E-02

7.4E-02

Risks from exposure to chromium were acceptable in the risk refinement
(HQ < 0.2). The risk refinement HQ for chromium was higher than that
estimated by RMC-ESG (2014). In the risk refinement, fish ingestion made
up 100% of the total HQ, but did not contribute to the RMC-ESG (2014) HQ,
as fish consumption was not assessed for chromium.

Cobalt

NA?

2.2E-03

Cobalt was retained as a COPC in the risk refinement based on
exceedances of the selected sediment screening value. Risks from
exposure to cobalt were acceptable in the risk refinement (HQ < 0.2).

Copper

4.4E-03

NA?2

Copper was not retained as a COPC in the risk refinement because
concentrations were below the selected sediment screening value.

Lead

2.8E-01

6.1E-01

The risk refinement HQ for lead was higher than that estimated by RMC-
ESG (2014), but was acceptable based on an acceptable HQ of 1.0 for lead.
The TRV for lead was updated in the risk refinement. In the risk refinement,
fish ingestion was the pathway with the highest contribution to the total HQ,
but did not contribute to the RMC-ESG (2014) HQ, as fish consumption was
not assessed for lead.

Manganese

NA2?

8.7E-04

Manganese was retained as a COPC in the risk refinement based on
exceedances of the selected sediment screening value. Risks from
exposure to manganese were acceptable in the risk refinement (HQ < 0.2).

Mercury

5.6E-01

6.2E-01

The risk refinement HQ for mercury was similar to that estimated by RMC-
ESG (2014). In the risk refinement, fish ingestion made up 100% of the total
HQ (methylmercury), but did not contribute to the RMC-ESG (2014) HQ, as
fish consumption was not assessed for mercury.

Vanadium

NA?

4.3E-03

Vanadium was retained as a COPC in the risk refinement based on
exceedances of the selected sediment screening value. Risks from
exposure to vanadium were acceptable in the risk refinement (HQ < 0.2).

Zinc

4.9E-03

NA?

Zinc was not retained as a COPC in the risk refinement because
concentrations were below the selected sediment screening value.
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COPC

RMC-ESG
(2014) HQ

Risk
Refinement

HQ!

Comparison

Chlordane

1.6E-03

NA?

Chlordane was not retained as a COPC in the risk refinement because
concentrations were below detection limits in all samples analyzed and
below the selected sediment screening value.

DDT

9.8E-06

NA?2

DDT was not retained as a COPC in the risk refinement because
concentrations were below detection limits in all samples analyzed and
below the selected sediment screening value.

PCBs

1.0E+00

1.0E+00

The total PCB HQ in the risk refinement was the same as that estimated by
RMC-ESG (2014). RMC-ESG (2014) indicated that fish ingestion, dermal
contact with sediment, sediment ingestion amounted to 89%, 10% and 1%
of the total PCB HQ, respectively. The fish ingestion pathway made up
100% of the total HQ in the risk refinement. The exposure dose from dermal
contact with sediment was lower because of several refinements made in
the risk refinement, to exposure concentrations, exposure frequency and
duration assumptions, and dermal adherence factors.

Naphthalene

3.0E-03

NA2?

Naphthalene was not retained as a COPC in the risk refinement because
concentrations were below the selected sediment screening value.

Pyrene

2.0E-03

NA?2

Pyrene was not retained as a COPC in the risk refinement because
concentrations were below the selected sediment screening value.

Notes:

COPC = contaminant of potential concern; HQ = hazard quotient; NA = not applicable.
1 — The highest HQ from the Western KIH exposure area shallow water/shoreline scenario is shown.
2 — Not identified as a COPC.

Carcinogenic Risk Estimates

RMC-ESG (2014) evaluated carcinogenic risks to the composite receptor based on the same exposure pathways
listed above. RMC-ESG (2014) identified ILCRs greater than 1x10° for arsenic and carcinogenic PAHSs.
Comparisons of the carcinogenic RMC-ESG risk estimates to the risk refinement ILCR estimates for the composite
receptor are presented Table 19.

7.5.2 Uncertainties

This assessment of potential risk to recreational receptors at the Site was evaluated using generally conservative
assumptions (e.g., exposure assumptions, TRVs and relative bioavailability factors). Table 20 below outlines the

sources of uncertainty for the human health risk assessment.
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Table 19: Comparison of Total Incremental Lifetime Cancer Risks for a Composite Receptor from RMC-
ESG and the Risk Refinement

COPC

RMC-ESG
ILCR

Risk
Refinement
ILCR?

Comparison

Arsenic

8.0E-05

7.9E-06

Risks from exposure to arsenic were acceptable in the risk refinement
(ILCR < 1 x 10®). The ILCR calculated in the risk refinement was about
an order of magnitude lower than that estimated by RMC-ESG (2014).
The risk refinement included an evaluation of fish ingestion. The
exposure dose from dermal contact with sediment was lower because of
several refinements made in the risk refinement, to exposure
concentrations, exposure frequency and duration assumptions, and
dermal adherence factors.

Total
Carcinogenic
PAHs

4.0E-02

1.1E-03

The risk refinement ILCR is lower than that estimated by RMC-ESG
(2014), but both exceed the acceptable level of 1 x 10-%. The exposure
dose from dermal contact with sediment was lower because of several
refinements made in the risk refinement, to exposure concentrations,
exposure frequency and duration assumptions, and dermal adherence
factors.

Notes:

COPC = contaminant of potential concern; ILCR = incremental lifetime cancer risk.

1 — The highest ILCR from the Western KIH exposure area shallow water scenario is shown, for long-term exposure risks for comparison

purposes.

2 — The composite receptor includes the sum of risks for the toddler, child, teen and adult (the four age groups considered relevant to the site).

Table 20: Evaluation of Uncertainty in the Human Health Risk Assessment

Area of Uncertainty

Uncertainty

Under/Overestimate .
Rationale

of Risk
Exposure Assumptions
The 95% UCLM for each COPC was calculated
Use of 95% UCLM from an inverse distance weighted (IDW)
sediment interpolation method as described in Section 3.1
concentrations of Low Neutral and 7.3.2.1. Using a 95% UCLM concentration and
COPCs to estimate this method would result in reasonable exposure
risks concentrations and is not likely to under or
overestimate risks.
Use of maximum Insufficient data were available to calculate a 95%
surface water and UCLM or 90" percentile for some COPCs;
fish concentrations of Moderate Overestimate therefore, the maximum concentration was used as
COPCs to estimate the exposure concentration (e.g., for lead in fish),
risks which is a conservative approach.
Body weights and whole body skin surface areas
were based on average Canadian exposure
characteristics (Health Canada 2010a), and
Body weights, uncertainty associated with these parameters is
ingestion rates, skin low, and on their own would have a neutral impact
surface areas, Low to High Over estimate on estimate of risk.

sediment adherence
factors

In the absence of values from Health Canada
guidance, several sources were consulted for
receptor characteristics related to sediment dermal
adherence, and water ingestion rates.
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Area of Uncertainty

Uncertainty

Under/Overestimate
of Risk

Rationale

These include the following:
= suspended sediment and surface water
ingestion rates based on a study by Wilson et
al. (2015)
=  skin surface area of feet based on Richardson
(1997, as cited in Intrinsik 2011)
= sediment adherence factors based on a study
by Kissel (1996)
= fish ingestion rates for the toddler and child
obtained from Health Canada (2007) and for
the teen and adult from OMOE (2015).
Of these, the sediment adherence factors have
the highest uncertainty and likely result in an
overestimate of risks from dermal exposure. There
are no known sediment loading factors that have
been published for exposure to bedded sediments
under a swimming/wading scenario, and the rates
used in this assessment were for exposed
shoreline mud, and were selected based on the
importance of comparing the expected exposure
condition with that of the experimental study used
to derive absorption estimates. The
conditions/exposure scenario at the site do not fall
clearly into any of the categories for which dermal
sediment adherence factors are available (see
Section 7.3.1.1). The rates used do not account for
any washing of sediments that may occur as
people swim or walk through the water.

Exposure frequency
— water and sediment

Low to Moderate

Overestimate

Based on the natural characteristics and
accessibility of the Western KIH shoreline, and the
presence of weed-like plants in the water,
recreational use is expected to be only incidental
(very occasional). However, in an attempt to
provide useful estimates of risks to support risk
management, it was assumed that someone may
be recreationally using the shoreline on a weekly
basis. Based on the likelihood that site use is
infrequent, risks are likely overestimated, and
considering that it is assumed that a person would
be recreating in Western KIH over their lifetime.

Sediment exposure
duration

Low

Potential
underestimate

It was assumed that sediment exposure would
occur for a total of two hours per day (1 hour for
dermal contact during swimming and an additional
hour under the assumption that people would not
wash off their feet immediately after exposure).
This was considered reasonable because: 1) there
are no beach-like areas where people would be
exposed directly to exposed sediment for an
extended period; 2) exposure to sediment is with
submerged, bedded sediment and it is expected
that sediment would wash off as people moved
through or swim in the water and when they exit
the water; 3) it was assumed that people would
clean their feet following recreational activities. In
the event that sediment is not completely washed
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Area of Uncertainty

Uncertainty

Under/Overestimate
of Risk

Rationale

off, risk estimates were recalculated without the

2 hour/24 hour exposure term. The HQs increased,
but are below the threshold of 0.2 for all COPCs
except mercury and total PCBs, which is consistent
with the original results. The cumulative ILCRs
increased above the risk threshold of 1 in 100,000
for arsenic (central and south exposure areas),
benzo(g,h,i)perylene (all exposure areas) and
chrysene (all exposure areas).

Fish ingestion

Moderate

Overestimate

It was assumed that people were consuming fish
only from Western KIH, and for a lifetime, which is
highly conservative.

Lack of PAH data for
fish

Moderate

Neutral

PAH data were not available for fish (i.e., PAHs
were not measured in fish), PAHs tend not to
bioaccumulate in fish and therefore high
concentrations would not be expected in muscle
tissues.

Methods used to
estimate dermal
exposure to
carcinogenic PAHs

High

Overestimate

There are no methods that would allow a realistic
approach to estimating dermal exposure to
sediments. Based on the available methods,
dermal exposure to bedded sediments is likely
overestimated. This is due in part to the dermal
sediment loading factors (see above) and also to
the skin thickness adjustment to account for
differences in human and mouse skin thickness.
The skin thickness used in estimating human
health risks is likely thinner than the actual
thickness of the skin on the bottom of human feet.

Dermal RAFs for
PAHs

Moderate

Overestimate

Dermal RAFs for sediment are not available, and
the dermal RAF used in the assessment of
carcinogenic PAHs was for soil (14.8%; Health
Canada 2010b). As indicated by RMC-ESG (2014),
the assumption that the dermal RAF for PAHSs is as
high as 14.8% is an uncertainty, and likely results
in an overestimate of risk, because for weathered
PAHSs in both sandy and clay soils, the RAF has
not been reported to be higher than 4.4% (Knafla et
al. 2011; as cited in RMC-ESG 2014).

Toxicity Assessment

Toxicity Reference
Values (Non-
Carcinogens)

Low (based on
humans) to high
(based on animals)

Overestimate

Toxicity data are based on sensitive endpoints.
Uncertainty and safety factors are applied to
account for inter and intra species variability.

Toxicity Reference
Values (Carcinogens)

Low (based on
humans) to high
(based on animals)

Overestimate

Toxicity data are based on sensitive endpoints.
High dose to low dose extrapolation methods are
typically conservative.

Relative
Bioavailability
Factors

Low to moderate

Overestimate

Based on chemical specific data and assumes
bioavailability from soil is equivalent to exposure in
the toxicity study used to derive the TRV.
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7.5.3 Overall Summary

General definitions for the potential magnitude of risk associated with HQ and ILCR results are provided in
Table 21. These criteria, which were applied for both human and wildlife health assessments, provide ranges of
HQs and ILCRs used to categorize the potential magnitude of risk. The category names of low, moderate, and
high are not intended to convey the overall determinations of risk or environmental significance, which can only
be made once the uncertainties and conservatism in the analyses have been evaluated.

Table 21: Criteria Used to Assess Magnitude of Potential Risk for Human Health

Levels of Magnitude of Potential Risk
Parameter
Negligible Low Moderate High

Non-

Carcinogenic HQ<0.2 0.2<HQ=<1 1<HQ=<10 HQ > 10
Substances

carcinogenic | | cr<1x 105 | 1x105<ILCR<1x 10 |1 x105<ILCR<1x104| ILCR>1x 104
Substances
Notes:

< = less than or equal to; < = less than; > = greater than; HQ = hazard quotient (represents the target ratio of the predicted chemical
exposure relative to its health-based benchmarks); ILCR = incremental lifetime cancer risk (additional or extra risk of developing cancer due
to exposure to a chemical [from the site] incurred over the lifetime of an individual)

Table 22 presents an overall summary of risks for COPCs that had risk estimates exceeding acceptable levels as
defined by Health Canada (2010a), based on consideration of the magnitude of the risk estimate, and the
uncertainties and conservatism in the estimate of risk (as described in Section 7.5.2). For example, the magnitude
of the risk estimate for carcinogenic PAHs was high in all three exposure areas (it fell into the ILCR > 1 x 104
category), but based on the uncertainties and conservatism identified in Section 7.5.2, and particularly related to
dermal uptake and the uncertainty in estimating dermal risks from exposure to sediment, the overall risks from
dermal exposure to carcinogenic PAHs in bedded sediments along the western shoreline in KIH is expected to be
low to moderate.

For non-carcinogens (i.e., methylmercury and PCBs), the magnitude of risk is based on the most conservative
receptor, the toddler. For carcinogens, the magnitude of risk is based on a composite receptor (sum of risks over
a lifetime from toddler to adult for this assessment).

s

17 August 2016 ?Golder
Report No. 1416134-004-R-Rev1 94 Associates



KINGSTON INNER HARBOUR RISK ASSESSMENT REFINEMENT

Table 22: Overall Summary of Risks

Area of Magnitude of Key Exposure Strength of Overall
Western COPC ragnitu Yy EXp : Uncertainty | Conservatism Risk ; .
Risk Estimate | Pathway/Risk Driver . Risk Rating
KIH Estimate
North Methylmercury | Low Fish ingestion Moderate Moderate to Moderate Low
High
Total PCBs Low Fish ingestion Moderate L/Ii(;(;i]erate to Moderate Low
Carcinogenic High Dermal contact with
PAHs sediment . . Low to
(shoreline/shallow High High Low Moderate
water scenario)
Central Methylmercury | Low Fish ingestion Moderate Moderate to Moderate Low
High
Total PCBs Low Fish ingestion Moderate ll\_l/li(;cri]erate to Moderate Low
Carcinogenic High Dermal contact with
PAHs sediment . . Low to
(shoreline/shallow High High Low Moderate
water scenario)
South Methylmercury | Low Fish ingestion Moderate Moderate to Moderate Low
High
Total PCBs Low Fish ingestion Moderate L/Ii(;(;i]erate to Moderate Low
Carcinogenic High Dermal contact with
PAHs sediment . . Low to
(shoreline/shallow High High Low Moderate
water scenario)
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8.0

WEIGHT OF EVIDENCE INTEGRATION

Results of the aquatic, wildlife, and human health risk assessments are presented in Figure 21 and presented in
Table 23 below. Because the various receptors have different uncertainties, and varying importance to different
stakeholders, we have not attempted to numerically synthesize the results from different receptors (invertebrates,
fish, birds, mammals, human health). We have not summarized risk to amphibians or reptiles in this section due
mainly to the high uncertainty in the risk characterization for this receptor group; however, the risks to other
receptor groups identified for several shoreline management units could be increased for the habitats that contain
herptiles.

The weight of evidence indicates several key findings of relevance to site management:

Moderate magnitude ecological risks were identified in the Parks Canada water lot, particularly in the areas
adjacent to Orchard Street Marsh and the unnamed creek that enters KIH. Although few indications of harm
were documented for the benthic community, moderate risks to bottom fish (elevated risk of deformities
primarily from PAH contamination), birds (moderate risks to omnivorous birds such as mallards and marsh
wrens due to chromium contamination), and risks to mammals (PCB risk to resident mink) were all identified
for the areas close to the shoreline (i.e., management units PC-W and TC-OM).

Significant ecological risks were identified for the south portion of KIH including Anglin Bay and vicinity.
However, the risk pathways were different for this area, with risks greatest to the benthic community and
bottom fish from exposure to PAHSs.

Some areas in KIH were identified to have low overall risks relative to adjacent management units
(e.g., TC-1, which covers a large area of the Transport Canada water lot, but yields negligible to low risk
outcomes for all receptors. This helps to prioritize management on areas with multiple elevated risk levels.

Multiple drivers for elevated risks were identified, with PAHs, PCBs, and chromium driving the highest
ecological risks, and PAHs, PCBs, and mercury driving the human health risks. The contaminants are often
coincident (e.g., PC-W contains among the highest concentrations of all of these substances). However, in
some portions of KIH, the concentrations distributions do not align; for example PAH and PCB concentration
distributions in the central portion of the harbour are different.

Human health risks above acceptable levels were identified for multiple constituents, yielding moderate risk
for the sediment exposure pathway (i.e., dermal contact from scenarios entailing recreation within the
nearshore sediments) and low risk for the fish consumption pathway. The constituents driving these risks
are primarily carcinogenic PAHs for the sediment exposure pathway, but mercury and PCBs for the fish
consumption pathway. These constituents have different concentration distribution patterns across KIH.

Although risks to herptiles could not be quantified or categorized with the same level of confidence as other
receptors, it is evident that the areas with suitable habitat for these organisms (e.g., management units
PC-E, PC-W, and TC-OM) already have moderate ecological risks as identified for other organisms. As such,
risk management or remediation to address other risk pathways will contribute to the management of herptile
populations. An added consideration is that physical intervention in the wetland areas of KIH, while of benefit
for reducing risks for some pathways, will have potentially significant consequence for the habitat of
amphibians and reptiles. In addition to the Parks Canada wetland and riparian zones, habitat for herptiles
has also been observed along the western shoreline of KIH, including parts of Douglas Fluhrer Park.

3
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The next stage of investigation will entail an evaluation of remedial options.

This will entail:

m  An evaluation of the risk magnitude and uncertainties associated with the various risk characterization
outcomes shown in Figure 21;

m Consideration of the protection goals for site management (i.e., balancing the costs and benefits of reducing
risks to different receptor types);

m Consideration of where significant risk pathways overlap (i.e., where management for one substance
influences the risk of another substance; and

m Consideration of efficiency in risk reduction (i.e., level of effort or sediment volumes required to meaningfully
reduce risks).
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Table 23: Integrated Results of the Aquatic, Wildlife and Human Health Risk Assessments

Ecological Receptors Human Health

Unit Eg:ﬁttﬁ i:':o Effects to Fish Effects to Effects to Rsizlélsr;;?]rp RlsI;?SLrom
Community Health Birds Mammals Exposure Consumption
NA
NA

Moderate Risk

Low Risk

Moderate Risk | Moderate Risk | Moderate Risk Moderate Risk

Moderate Risk | Moderate Risk

NA
Low to

Moderate Risk

Low Risk

Moderate Risk
Low Risk

TC-2B | Moderate Risk

NA
TC2A . Low to
Moderate Risk Moderate Risk :
NA Moderate Risk
TC-3A
TC-3B | Moderate Risk NA
TC-4 High Risk
Moderate Risk
TC-AB High Risk Moderate Risk

TC-5 Moderate Risk NA

Notes:
NA — Management unit not assessed for endpoint; Ecological Receptors endpoints — Negligible Risk, Moderate Risk, High
Risk; Human Health endpoints — Negligible Risk, Low Risk, Moderate Risk, High Risk
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9.0 CLOSURE

We trust that the enclosed information is sufficient to meet your current needs. If you have any questions, or if we
can be of further assistance, please do not hesitate to contact the undersigned at 604-296-4200.

GOLDER ASSOCIATES LTD.

)
.'Ilf ‘//
/ s
\ / /
Victoria Hart, MSc Shawn Seguin, BSc, RPBio
Environmental Scientist Environmental Scientist
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Gary Lawrence, MRM, RPBIo
Associate, Environmental Scientist
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Table B-1: Summary of Exposure Point Concentrations in Sediment, for Individual Management Units and Combined Units Based on Foraging Ranges

Note: 90th pecentile values from IDW surface used as sediment EPCs. Other percentiles shown for context.

Total PAH (mg/kg) Total PCB (mg/kg) Antimony (mg/kg) Arsenic (mg/kg) Chromium (mg/kg)
Individual 25t 75t 90" g5th 25t 75t 9ot g5t 25t 75t 90" o5th 25t 75t 9ot 95t 25t 75t 90" o5th
Management Units | Area (ha) | Average | Percentile | Percentile | Percentile | Percentile | Average | Percentile | Percentile | Percentile | Percentile| Average | Percentile | Percentile | Percentile | Percentile| Average [ Percentile | Percentile | Percentile | Percentile| Average | Percentile | Percentile | Percentile | Percentile
PC-N 124.5 1.8 1.0 2.2 4.3 5.3 0.03 0.01 0.04 0.05 0.06 NA NA NA NA NA 2.5 2.1 2.8 3.0 3.5 68 44 84 110 150
TC-E 83.6 2.4 1.4 3.0 4.0 4.9 0.12 0.05 0.13 0.23 0.36 NA NA NA NA NA 3.3 2.8 3.7 4.4 4.8 209 111 278 385 480
PC-E 9.5 6.0 3.5 7.6 12.2 12.9 0.18 0.08 0.23 0.36 0.39 1.9 0.5 2.5 4.1 7.2 4.5 3.8 5.1 6.8 6.9 890 689 946 1227 1953
PC-W 7.3 20.4 10.4 24.9 42.7 48.5 0.55 0.22 0.67 1.40 1.83 3.0 2.2 3.7 4.1 4.6 6.9 5.0 8.7 10.0 11.8 3209 1533 4800 6176 7456
TC-OM 2.6 4.7 2.9 6.0 8.5 9.5 0.19 0.12 0.24 0.29 0.34 2.2 1.1 1.8 4.8 7.4 11.0 8.4 12.5 16.3 20.4 1208 957 1532 1655 1695
TC-RC 3.6 37.7 4.6 31.3 38.9 138.6 0.39 0.30 0.45 0.53 0.66 6.6 1.0 10.8 13.9 18.7 79.5 14.4 73.8 207.9 421.0 782 613 931 1364 1641
WM 1.9 16.1 7.5 20.2 36.3 38.6 0.45 0.34 0.55 0.63 0.79 1.0 0.2 0.9 2.7 5.6 34.0 16.0 55.3 69.0 75.0 880 847 1050 1070 1087
TC-1 26.1 3.4 2.1 3.9 5.7 6.0 0.42 0.21 0.61 0.75 0.85 1.8 0.6 1.2 3.9 7.5 6.2 5.0 6.4 8.3 11.4 902 743 1021 1155 1199
TC-2A 5.1 5.1 3.2 5.5 9.8 11.1 0.38 0.31 0.47 0.55 0.58 1.2 1.1 1.4 1.4 1.7 15.4 10.7 18.5 22.1 30.0 522 275 824 908 920
TC-2B 8.2 3.7 2.3 4.5 5.2 5.4 0.57 0.45 0.76 0.81 0.81 3.0 0.5 2.7 11.5 15.4 6.5 5.2 6.8 9.9 10.6 691 581 776 921 963
TC-3A 4.1 5.2 3.2 5.7 8.5 12.5 0.53 0.41 0.58 0.86 1.10 1.0 0.8 1.1 1.5 1.6 13.4 7.7 16.1 25.1 30.2 597 470 672 864 904
TC-3B 3.1 3.3 2.0 4.3 5.3 6.8 0.58 0.38 0.80 0.92 1.12 1.6 0.5 0.7 2.7 9.5 5.8 5.3 6.1 6.8 7.0 513 398 598 715 750
TC-4 4.2 11.3 5.4 14.4 21.4 26.3 0.59 0.36 0.73 1.17 1.24 0.9 0.7 1.1 1.3 1.7 9.3 7.0 10.1 14.0 19.0 392 330 470 538 585
TC-5 9.2 6.2 2.4 7.7 11.3 17.9 0.22 0.15 0.29 0.36 0.42 1.5 0.5 1.0 4.5 5.7 4.6 3.9 5.4 5.5 5.9 212 174 260 306 339
TC-AB 4.4 8.6 4.1 10.8 16.0 16.5 0.31 0.17 0.37 0.53 0.71 2.0 0.9 1.8 3.7 9.6 6.6 53 7.5 9.2 9.6 244 184 321 359 377
Total PAH (mg/kg) Total PCB (mg/kg) Antimony (mg/kg) Arsenic (mg/kg) Chromium (mg/kg)
Combined 25" 75" 90" 95" 25" 75" 90" 95" 25" 75" 90" 95" 25" 75" 90" 95" 25" 75" 90" 95"
Management Units | Area (ha) | Average | Percentile | Percentile | Percentile | Percentile | Average | Percentile | Percentile | Percentile | Percentile| Average | Percentile | Percentile | Percentile | Percentile | Average | Percentile | Percentile | Percentile | Percentile| Average | Percentile | Percentile | Percentile | Percentile
TC-OM + PC-W 9.8 16.3 6.0 21.5 35.8 46.3 0.46 0.17 0.51 1.14 1.63 2.8 1.7 3.7 4.2 5.1 8.0 5.6 9.3 12.3 13.3 2689 1207 3963 5595 6616
TC-RC + TC-1 29.7 7.6 2.1 4.5 8.1 16.1 0.45 0.27 0.63 0.74 0.85 2.3 0.6 1.6 6.9 11.5 14.9 5.1 7.0 15.3 48.4 887 723 1016 1159 1224
WM + TC-2A + TC-2B 15.2 5.7 3.0 5.3 10.6 17.4 0.49 0.37 0.62 0.79 0.81 2.2 0.6 1.4 6.0 12.2 12.9 5.5 14.3 22.1 37.5 658 539 876 960 1014
TC-3A, TC-3B, TC-4 11.5 8.4 5.0 11.3 12.1 19.5 0.57 0.38 0.69 1.03 1.15 1.1 0.6 1.1 1.4 1.7 9.8 6.1 11.7 16.9 21.9 498 370 602 721 819
TC-AB, TC-5 13.6 6.9 3.1 8.9 14.5 17.3 0.25 0.15 0.31 0.41 0.47 1.6 0.5 1.6 4.5 6.4 5.3 4.0 6.1 7.2 8.4 222 178 275 330 360
All Western KIH 89.2 7.9 2.7 7.8 14.6 21.5 0.41 0.20 0.55 0.75 0.88 2.0 0.6 1.8 4.6 8.7 10.6 5.0 8.6 14.6 22.0 896 438 965 1289 2160
Copper (mg/kg) Lead (mg/kg) Mercury (mg/kg) Silver (mg/kg) Zinc (mg/kg)
Individual 25" 75" 90" 95" 25" 75" 90" 95" 25" 75" 90" 95" 25" 75" 90" 95" 25" 75" 90" 95" |
Management Units | Area (ha) | Average | Percentile | Percentile | Percentile | Percentile | Average | Percentile | Percentile | Percentile | Percentile| Average | Percentile | Percentile | Percentile | Percentile| Average [ Percentile | Percentile | Percentile | Percentile| Average | Percentile | Percentile | Percentile | Percentile
PC-N 1245 31.8 28.2 32.0 35.7 53.5 51.4 31.2 52.6 69.9 109.3 NA NA NA NA NA 0.36 0.25 0.48 0.50 0.50 192 95 128 245 501
TC-E 83.6 36.5 334 39.1 40.7 43.9 58.7 46.4 66.3 79.7 92.8 NA NA NA NA NA 0.49 0.50 0.50 0.50 0.50 141 133 146 157 160
PC-E 9.5 37.3 33.1 42.6 47.3 51.5 96.3 71.7 111.7 142.6 181.3 0.19 0.16 0.25 0.26 0.30 0.32 0.28 0.35 0.47 0.49 145 124 154 184 241
PC-W 7.3 67.4 453 82.5 104.7 110.0 2521 167.6 3414 389.1 437.0 0.34 0.26 0.40 0.54 0.56 0.64 0.42 0.80 0.85 0.95 274 194 336 371 426
TC-OM 2.6 41.8 37.4 44.8 47.0 49.5 129.2 113.0 141.1 172.0 179.2 0.46 0.29 0.61 0.75 0.98 0.59 0.45 0.64 0.99 1.19 165 152 175 190 191
TC-RC 3.6 56.7 47.3 53.7 69.9 112.3 165.6 125.5 175.3 213.8 342.9 1.33 0.56 1.65 2.72 4.14 2.08 0.94 1.95 5.03 8.61 197 177 210 230 235
WM 1.9 79.1 59.0 88.0 106.3 146.9 2334 160.0 249.1 398.3 580.8 1.51 0.73 1.63 2.89 4.11 1.35 1.12 1.39 1.90 2.15 268 219 317 374 404
TC-1 26.1 43.0 39.0 45.8 51.6 60.3 111.9 98.3 126.0 134.2 141.5 0.34 0.23 0.36 0.61 0.81 0.59 0.43 0.81 0.92 1.01 161 150 173 189 194
TC-2A 5.1 67.2 57.3 73.9 82.6 90.1 148.5 139.7 164.0 189.6 195.0 1.09 0.76 1.36 1.51 1.67 2.01 1.35 2.51 2.85 3.62 363 240 316 498 889
TC-2B 8.2 55.8 47.8 56.9 82.4 91.9 117.3 99.0 132.9 147.4 149.7 0.35 0.27 0.45 0.53 0.55 0.88 0.74 1.08 1.23 1.29 184 170 197 211 219
TC-3A 4.1 58.5 51.0 63.9 73.4 76.0 154.2 121.3 180.0 211.2 225.6 0.80 0.49 1.05 1.40 1.47 1.14 0.89 1.28 1.50 1.66 220 190 245 270 279
TC-3B 3.1 46.4 43.2 49.2 50.9 51.0 100.3 86.6 109.8 125.2 129.3 0.31 0.25 0.34 0.42 0.45 0.71 0.58 0.80 0.93 0.99 176 165 181 189 192
TC-4 4.2 56.2 49.0 64.6 66.1 67.0 171.6 120.5 179.2 275.3 423.5 0.74 0.41 1.04 1.36 1.44 0.79 0.65 1.00 1.10 1.20 223 162 269 335 404
TC-5 9.2 45.4 43.0 45.0 52.5 60.0 78.7 64.3 83.5 112.5 127.9 0.22 0.18 0.25 0.27 0.33 0.49 0.49 0.50 0.55 0.60 153 147 160 161 163
TC-AB 4.4 124.5 543 116.7 270.5 428.8 126.9 100.2 153.7 198.3 2144 0.30 0.27 0.36 0.38 0.44 0.63 0.58 0.73 0.79 0.81 235 188 296 369 415
Copper (mg/kg) Lead (mg/kg) Mercury (mg/kg) Silver (mg/kg) Zinc (mg/kg
Combined 25" 75" 90" 95" 25" 75" 90" 95" 25" 75" 90" 95" 25" 75" 90" 95" 25" 75" 90" 95" |
Management Units | Area (ha) | Average | Percentile | Percentile | Percentile | Percentile | Average | Percentile | Percentile | Percentile | Percentile| Average | Percentile | Percentile | Percentile | Percentile | Average | Percentile | Percentile | Percentile | Percentile| Average | Percentile | Percentile | Percentile | Percentile
TC-OM + PC-W 9.8 60.8 41.9 78.1 95.4 109.5 215.9 132.8 293.8 380.0 427.5 0.37 0.27 0.44 0.57 0.66 0.63 0.43 0.79 0.85 1.10 246 167 324 350 416
TC-RC + TC-1 29.7 44.7 39.0 47.0 54.4 61.1 118.3 99.8 129.6 145.6 168.9 0.46 0.23 0.46 0.86 1.27 0.77 0.43 0.90 1.08 1.47 166 151 180 192 204
WM + TC-2A + TC-2B 15.2 62.5 50.7 72.0 87.5 92.7 142.2 105.2 154.1 188.1 213.5 0.74 0.28 0.96 1.48 1.63 1.32 0.80 1.50 2.41 2.80 255 180 252 326 398
TC-3A, TC-3B, TC-4 11.5 54.4 48.0 62.1 66.3 72.6 146.1 103.5 160.5 210.4 230.0 0.65 0.36 0.92 1.37 1.42 0.89 0.66 1.10 1.28 1.32 209 176 237 278 317
TC-AB, TC-5 13.6 70.9 43.0 59.4 95.2 207.3 94.2 68.7 110.2 139.9 170.3 0.24 0.19 0.28 0.36 0.38 0.54 0.49 0.60 0.72 0.75 180 154 185 277 321
All Western KIH 89.2 53.9 40.5 57.0 74.0 88.8 130.7 95.8 143.5 191.8 249.7 0.46 0.24 0.50 0.96 1.36 0.8 0.45 0.9 1.3 1.7 195 154 201 281 333
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Table B-2a: Mink Food Web Model Using Inputs from RMC-ESG Table IV-25

Dose Based on Wet Weight Approximations

Abbreviation Parameter Units As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sb PCB TotalPAH
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80

Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 43 3893 53 1.7 0 215 207 42 0.98 835
EPCsed Sediment Concentration mg/kg ww 8.6 778.6 10.6 0.34 0 43 41.4 8.4 0.196 167
EPCfish Fish Concentration mg/kg dw 0.475 3.2 3.55 0 0.345 1.4 100 0.4 3.1 0.325
EPCfish Fish Concentration mg/kg ww 0.095 0.64 0.71 0 0.069 0.28 20 0.08 0.62 0.065
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068
EPCinv Invertebrate Concentration mg/kg dw 0 260 0 0 0 0 0 0 1.4 0.12
EPCinv Invertebrate Concentration mg/kg ww 0 46.8 0 0 0 0 0 0 0.252 0.0216
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
FIR Food ingestion-wet kg ww food/kgBW-day 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
FIR Food ingestion-wet kg ww food/day 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148
FIR Food ingestion-dry kg dw food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/day NA NA NA NA NA NA NA NA NA NA
WIR Water ingestion L/kgBW/day 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
WIR Water ingestion L/day 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246
F1 Sediment ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F2 Fish ingestion %FIR ww 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
F3 Macrophyte ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F4 Invertebrate ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F5 Other item ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ED Exposure Duration %Presence 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
EPCdiet Weighted Dietary mg/kg ww food 0.095 0.64 0.71 0 0.069 0.28 20 0.08 0.62 0.065
Ddiet Dose dietary mg/kgBW-day 0.013 0.090 0.099 0.000 0.010 0.039 2.800 0.011 0.087 0.009
Dwater Dose water mg/kgBW-day 0.000 0.093 0.001 0.000 0.000 0.005 0.023 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.013 0.183 0.101 0.000 0.010 0.044 2.823 0.011 0.087 0.009
Adj Site Use Adjustment fraction 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
EDI Dose all - adjusted mg/kgBW-day 0.013 0.183 0.101 0.000 0.010 0.044 2.823 0.011 0.087 9.1E-03
TRV RMC-ESG Table 1V-28 mg/kg-day 1.04 2.4 5.6 0.016 0.081 4.7 75.4 0.059 0.053 51.8
TRV lower Golder 2012 mg/kg-day - 46 - - - - - - 0.082 -
TRV upper Golder 2012 mg/kg-day - 280 - - - - - - 0.105 -
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless - - - - - - - 1.07 -
HQ HQ (Golder Upper TRV) Unitless - - - - - - - 0.83 -
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Table B-2b: Mink Food Web Model - Revised Using Sediment Inputs from Management Units PC-W and TC-OM

Dose Based on Wet Weight Approximations
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Abbreviation Parameter Units As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sb PCB TotalPAH
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80

Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 12.3 5595 95.4 0.57 0 380 350 4.2 1.1 35.8
EPCsed Sediment Concentration mg/kg ww 2.5 1119 19.1 0.11 0 76 70 0.8 0.2 7.2
EPCfish Fish Concentration mg/kg dw 0.14 4.60 6.39 0.00 0.12 2.47 169.0 0.04 3.61 0.014
EPCfish Fish Concentration mg/kg ww 0.03 0.92 1.28 0.00 0.02 0.49 33.8 0.01 0.72 0.003
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068
EPCinv Invertebrate Concentration mg/kg dw 0 374 0 0 0 0 0 0 1.63 0.005
EPCinv Invertebrate Concentration mg/kg ww 0 67 0 0 0 0 0 0 0.29 0.001
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
FIR Food ingestion-wet kg ww food/kgBW-day 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
FIR Food ingestion-wet kg ww food/day 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148
FIR Food ingestion-dry kg dw food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/day NA NA NA NA NA NA NA NA NA NA
WIR Water ingestion L/kgBW/day 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
WIR Water ingestion L/day 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246
F1 Sediment ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F2 Fish ingestion %FIR ww 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
F3 Macrophyte ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F4 Invertebrate ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F5 Other item ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ED Exposure Duration %Presence 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
EPCdiet Weighted Dietary mg/kg ww food 0.027 0.920 1.278 0.000 0.023 0.495 33.804 0.008 0.722 0.003
Ddiet Dose dietary mg/kgBW-day 0.004 0.129 0.179 0.000 0.003 0.069 4.733 0.001 0.101 0.000
Dwater Dose water mg/kgBW-day 0.000 0.093 0.001 0.000 0.000 0.005 0.023 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.004 0.222 0.180 0.000 0.003 0.074 4.755 0.001 0.102 0.000
Adj Site Use Adjustment fraction 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
EDI Dose all - adjusted mg/kgBW-day 0.004 0.222 0.180 0.000 0.003 0.074 4.755 0.001 0.102 4.0E-04
TRV RMC-ESG Table IV-28 mg/kg-day 1.04 2.4 5.6 0.016 0.081 4.7 75.4 0.059 0.053 51.8
TRV lower Golder 2012 mg/kg-day - 46 - - - - - - 0.082 -
TRV upper Golder 2012 mg/kg-day - 280 - - - - - - 0.105 -
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless - - - - - - - 1.24 -
HQ HQ (Golder Upper TRV) Unitless - - - - - - - 0.97 -

Golder Associates

Notes

90th percentile of IDW smoothed data for TC-OM and PC-W combined
Calculated

Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
Retained RMC estimates

Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
Calculated
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Table B-2c: Mink Food Web Model - Revised Using Sediment Inputs from Management Unit PC-E

Dose Based on Wet Weight Approximations
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Abbreviation Parameter Units As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sh PCB TotalPAH
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80

Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 6.8 1227 47.3 0.26 0 143 184 4.1 0.4 12.2
EPCsed Sediment Concentration mg/kg ww 1.4 245 9.5 0.05 0 29 37 0.8 0.1 2.4
EPCfish Fish Concentration mg/kg dw 0.075 1.01 3.17 0.00 0.054 0.93 88.97 0.039 1.12 0.005
EPCfish Fish Concentration mg/kg ww 0.015 0.20 0.63 0.00 0.011 0.19 17.8 0.008 0.22 0.001
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068
EPCinv Invertebrate Concentration mg/kg dw 0 82 0 0 0 0 0 0 0.51 0.002
EPCinv Invertebrate Concentration mg/kg ww 0 15 0 0 0 0 0 0 0.09 0.000
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
FIR Food ingestion-wet kg ww food/kgBW-day 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
FIR Food ingestion-wet kg ww food/day 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148 0.1148
FIR Food ingestion-dry kg dw food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/day NA NA NA NA NA NA NA NA NA NA
WIR Water ingestion L/kgBW/day 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
WIR Water ingestion L/day 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246 0.0246
F1 Sediment ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F2 Fish ingestion %FIR ww 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
F3 Macrophyte ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F4 Invertebrate ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F5 Other item ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ED Exposure Duration %Presence 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
EPCdiet Weighted Dietary mg/kg ww food 0.0149 0.2017 0.6341 0.0000 0.0108 0.1857 17.7948 0.0078 0.2248 0.0009
Ddiet Dose dietary mg/kgBW-day 0.002 0.028 0.089 0.000 0.002 0.026 2.491 0.001 0.031 0.000
Dwater Dose water mg/kgBW-day 0.000 0.093 0.001 0.000 0.000 0.005 0.023 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.002 0.121 0.090 0.000 0.002 0.031 2.514 0.001 0.032 0.000
Adj Site Use Adjustment fraction 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
EDI Dose all - adjusted mg/kgBW-day 0.002 0.121 0.090 0.000 0.002 0.031 2.514 0.001 0.032 1.4E-04
TRV RMC-ESG Table 1V-28 mg/kg-day 1.04 2.4 5.6 0.016 0.081 4.7 75.4 0.059 0.053 51.8
TRV lower Golder 2012 mg/kg-day - 46 - - - - - - 0.082 -
TRV upper Golder 2012 mg/kg-day - 280 - - - - - - 0.105 -
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless
HQ HQ (Golder Upper TRV) Unitless

Notes

90th percentile of IDW smoothed data for PC-E

Calculated
Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)

Retained RMC estimates
Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)

Calculated
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Table B-3a: Mallard Duck Food Web Model Using Inputs from RMC-ESG Table IV-25
Dose Based on Dry Weight Approximations

O:\Final\2014\1421\1416134\1416134-004-R-RevO\APP\APP B_Wildlife Risk Model\

APP B_Kingston Wildlife.xIsx [Mallard - RMC]

Golder Associates

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sb PCB TotalPAH
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 43 3893 53 1.7 0 215 207 42 0.98 835
EPCsed Sediment Concentration mg/kg ww 8.6 778.6 10.6 0.34 0 43 41.4 8.4 0.196 167
EPCfish Fish Concentration mg/kg dw 0.475 3.2 3.55 0 0.345 1.4 100 0.4 3.1 0.325
EPCfish Fish Concentration mg/kg ww 0.095 0.64 0.71 0 0.069 0.28 20 0.08 0.62 0.065
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068
EPCinv Invertebrate Concentration mg/kg dw 0 260 0 0 0 0 0 0 1.4 0.12
EPCinv Invertebrate Concentration mg/kg ww 0 46.8 0 0 0 0 0 0 0.252 0.0216
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
FIR Food ingestion-wet kg ww food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-wet kg ww food/day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/kgBW-day 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
FIR Food ingestion-dry kg dw food/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/kgBW/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/day 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072
F1 Sediment ingestion %FIR dw 3% 3% 3% 3% 3% 3% 3% 3% 3% 3%
F2 Fish ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F3 Macrophyte ingestion %FIR dw 97% 0% 97% 97% 97% 97% 97% 0% 0% 0%
F4 Invertebrate ingestion %FIR dw 0% 97% 0% 0% 0% 0% 0% 97% 97% 97%
F5 Other item ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ED Exposure Duration %Presence 59% 59% 59% 59% 59% 59% 59% 59% 59% 59%
EPCdiet Weighted Dietary mg/kg dw food 2.939 368.99 9.156 0.051 0 13.628 38.22 1.26 1.3874 25.1664
Ddiet Dose dietary mg/kgBW-day 0.147 18.450 0.458 0.003 0.000 0.681 1911 0.063 0.069 1.258
Dwater Dose water mg/kgBW-day 0.000 0.186 0.002 0.000 0.000 0.010 0.046 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.147 18.636 0.460 0.003 0.000 0.692 1.957 0.063 0.071 1.258
Adj Site Use Adjustment fraction 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59
EDI Dose all - adjusted mg/kgBW-day 0.087 10.995 0.272 0.0015 0.000 0.408 1.154 0.037 0.042 0.742
TRV RMC-ESG Table 1V-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless
HQ HQ (Golder Upper TRV) Unitless
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Table B-3b: Mallard Duck Food Web Model Using Inputs from Management Units PC-W and TC-OM
Dose Based on Dry Weight Approximations

1416134

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sh PCB TotalPAH Notes
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 12.3 5595 95.4 0.57 0 380 350 4.2 1.1 35.8 90th percentile of IDW smoothed data for TC-OM and PC-W combined
EPCsed Sediment Concentration mg/kg ww 2.5 1119 19.1 0.11 0.0 76 70 0.83 0.23 7.2 Calculated
EPCfish Fish Concentration mg/kg dw 0.14 4.60 6.39 0.00 0.12 2.47 169 0.04 3.61 0.014 Calculated
EPCfish Fish Concentration mg/kg ww 0.03 0.92 1.28 0.00 0.02 0.49 33.8 0.01 0.72 0.003 Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68 Retained RMC estimates
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068 Calculated
EPCinv Invertebrate Concentration mg/kg dw 0 374 0 0 0 0 0 0 1.63 0.005 Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
EPCinv Invertebrate Concentration mg/kg ww 0 67.3 0 0 0 0 0 0 0.29 0.001 Calculated
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 Revised to match FCSAP guidance (Appendix C)
FIR Food ingestion-wet kg ww food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-wet kg ww food/day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/kgBW-day 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
FIR Food ingestion-dry kg dw food/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/kgBW/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 Revised to match FCSAP guidance (Appendix C)
WIR Water ingestion L/day 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072
F1 Sediment ingestion %FIR dw 3% 3% 3% 3% 3% 3% 3% 3% 3% 3%
F2 Fish ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F3 Macrophyte ingestion %FIR dw 97% 49% 97% 97% 97% 97% 97% 49% 97% 49% Diet split evenly between macrophytes/invertebrates for some COPCs
F4 Invertebrate ingestion %FIR dw 0% 49% 0% 0% 0% 0% 0% 49% 0% 49% Diet split considered Expert Support feedback
F5 Other item ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ED Exposure Duration %Presence 59% 59% 59% 59% 59% 59% 59% 59% 59% 59%
EPCdiet Weighted Dietary mg/kg dw food 2.018 361.217 10.427 0.017 0.000 18.579 42.506 0.333 0.034 1.405
Ddiet Dose dietary mg/kgBW-day 0.101 18.061 0.521 0.001 0.000 0.929 2.125 0.017 0.002 0.070
Dwater Dose water mg/kgBW-day 0.000 0.186 0.002 0.000 0.000 0.010 0.046 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.101 18.247 0.524 0.001 0.000 0.939 2.171 0.017 0.003 0.070
Adj Site Use Adjustment fraction 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59
EDI Dose all - adjusted mg/kgBW-day 0.060 10.766 0.309 0.0005 0.000 0.554 1.281 0.010 0.002 0.041
TRV RMC-ESG Table IV-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless 0.027 4.0 0.076 0.04 0.00 0.34 0.02 NA 0.01 0.02
HQ HQ (Golder Lower TRV) Unitless - 2.2 - - - - - - 0.01 -
HQ HQ (Golder Upper TRV) Unitless - 0.1 - - - - - - 0.00 -

0O:\Final\2014\1421\1416134\1416134-004-R-RevO\APP\APP B_Wildlife Risk Model\
APP B_Kingston Wildlife.xIsx [Mallard TC-OM PC-W]
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Table B-3c: Mallard Duck Food Web Model Using Inputs from Management Unit PC-E
Dose Based on Dry Weight Approximations

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sb PCB TotalPAH Notes
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 6.8 1227 47.3 0.26 0 143 184 4.1 0.4 12.2 90th percentile of IDW smoothed data for PC-E
EPCsed Sediment Concentration mg/kg ww 1.4 245 9.5 0.05 0 29 37 0.8 0.1 2.4 Calculated
EPCfish Fish Concentration mg/kg dw 0.075 1.01 3.17 0.00 0.054 0.93 88.97 0.039 1.12 0.005 Calculated
EPCfish Fish Concentration mg/kg ww 0.015 0.20 0.63 0.00 0.011 0.19 17.8 0.008 0.22 0.001 Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68 Retained RMC estimates
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068 Calculated
EPCinv Invertebrate Concentration mg/kg dw 0 82 0 0 0 0 0 0 0.51 0.002 Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
EPCinv Invertebrate Concentration mg/kg ww 0 15 0 0 0 0 0 0 0.09 0.000 Calculated
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 Revised to match FCSAP guidance (Appendix C)
FIR Food ingestion-wet kg ww food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-wet kg ww food/day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/kgBW-day 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
FIR Food ingestion-dry kg dw food/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/kgBW/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 Revised to match FCSAP guidance (Appendix C)
WIR Water ingestion L/day 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072
F1 Sediment ingestion %FIR dw 3% 3% 3% 3% 3% 3% 3% 3% 3% 3%
F2 Fish ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F3 Macrophyte ingestion %FIR dw 97% 49% 97% 97% 97% 97% 97% 49% 97% 49% Diet split evenly between macrophytes/invertebrates for some COPCs
F4 Invertebrate ingestion %FIR dw 0% 49% 0% 0% 0% 0% 0% 49% 0% 49% Diet split considered Expert Support feedback
F5 Other item ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ED Exposure Duration %Presence 59% 59% 59% 59% 59% 59% 59% 59% 59% 59%
EPCdiet Weighted Dietary mg/kg dw food 1.852 88.673 8.986 0.008 0.000 11.456 37.535 0.331 0.011 0.696
Ddiet Dose dietary mg/kgBW-day 0.093 4.434 0.449 0.000 0.000 0.573 1.877 0.017 0.001 0.035
Dwater Dose water mg/kgBW-day 0.000 0.186 0.002 0.000 0.000 0.010 0.046 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.093 4.620 0.452 0.000 0.000 0.583 1.922 0.017 0.002 0.035
Adj Site Use Adjustment fraction 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59
EDI Dose all - adjusted mg/kgBW-day 0.055 2.726 0.267 0.0002 0.000 0.344 1.134 0.010 0.001 0.021
TRV RMC-ESG Table IV-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless 1.02
HQ HQ (Golder Lower TRV) Unitless - 0.55 - - - - - - -
HQ HQ (Golder Upper TRV) Unitless - 0.03 - -
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Table B-3d: Mallard Duck Food Web Model Using Inputs from Management Units TC-RC and TC-1
Dose Based on Dry Weight Approximations

1416134

Notes

90th percentile of IDW smoothed data for TC-RC and TC-1 combined

Calculated

Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
Retained RMC estimates

Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
Calculated

0O:\Final\2014\1421\1416134\1416134-004-R-RevO\APP\APP B_Wiildlife Risk Model\
APP B_Kingston Wildlife.xIsx [Mallard TCRC TC1]

Golder Associates

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sbh PCB TotalPAH
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 15.3 1159 54.4 0.86 0 146 192 6.9 0.7 8.1
EPCsed Sediment Concentration mg/kg ww 3.1 232 10.9 0.17 0 29 38 1.4 0.1 1.6
EPCfish Fish Concentration mg/kg dw 0.169 0.95 3.64 0.00 0.176 0.95 92.72 0.066 2.35 0.003
EPCfish Fish Concentration mg/kg ww 0.034 0.19 0.73 0.00 0.035 0.19 18.5 0.013 0.47 0.001
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068
EPCinv Invertebrate Concentration mg/kg dw 0 77 0 0 0 0 0 0 1.06 0.001
EPCinv Invertebrate Concentration mg/kg ww 0 14 0 0 0 0 0 0 0.19 0.000
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
FIR Food ingestion-wet kg ww food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-wet kg ww food/day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/kgBW-day 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
FIR Food ingestion-dry kg dw food/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/kgBW/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/day 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072
F1 Sediment ingestion %FIR dw 3% 3% 3% 3% 3% 3% 3% 3% 3% 3%
F2 Fish ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F3 Macrophyte ingestion %FIR dw 97% 49% 97% 97% 97% 97% 97% 49% 97% 49%
F4 Invertebrate ingestion %FIR dw 0% 49% 0% 0% 0% 0% 0% 49% 0% 49%
F5 Other item ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ED Exposure Duration %Presence 59% 59% 59% 59% 59% 59% 59% 59% 59% 59%
EPCdiet Weighted Dietary mg/kg dw food 2.109 84.424 9.197 0.026 0.000 11.545 37.768 0.416 0.022 0.573
Ddiet Dose dietary mg/kgBW-day 0.105 4221 0.460 0.001 0.000 0.577 1.888 0.021 0.001 0.029
Dwater Dose water mg/kgBW-day 0.000 0.186 0.002 0.000 0.000 0.010 0.046 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.105 4.407 0.462 0.001 0.000 0.587 1.934 0.021 0.002 0.029
Adj Site Use Adjustment fraction 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59
EDI Dose all - adjusted mg/kgBW-day 0.062 2.600 0.273 0.0008 0.000 0.347 1.141 0.012 0.001 0.017
TRV RMC-ESG Table 1V-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless
HQ HQ (Golder Upper TRV) Unitless

Revised to match FCSAP guidance (Appendix C)

Revised to match FCSAP guidance (Appendix C)

Diet split evenly between macrophytes/invertebrates for some COPCs
Diet split considered Expert Support feedback
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Table B-3e: Mallard Duck Food Web Model Using Inputs from Management Units WM, TC2A, and TC2B

Dose Based on Dry Weight Approximations

1416134

Notes

90th percentile of IDW smoothed data for WM, TC2A, and TC2B combined

Calculated

Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
Retained RMC estimates

Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
Calculated

0O:\Final\2014\1421\1416134\1416134-004-R-RevO\APP\APP B_Wiildlife Risk Model\
APP B_Kingston Wildlife.xIsx [Mallard WM TC2A TC2B]

Golder Associates

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sbh PCB TotalPAH
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 22.1 960 87.5 1.48 0 188 326 6.0 0.8 10.6
EPCsed Sediment Concentration mg/kg ww 4.4 192 17.5 0.30 0 38 65 1.2 0.2 2.1
EPCfish Fish Concentration mg/kg dw 0.244 0.79 5.86 0.00 0.300 1.22 157.72 0.057 2.51 0.004
EPCfish Fish Concentration mg/kg ww 0.049 0.16 1.17 0.00 0.060 0.24 31.5 0.011 0.50 0.001
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068
EPCinv Invertebrate Concentration mg/kg dw 0 64 0 0 0 0 0 0 1.13 0.002
EPCinv Invertebrate Concentration mg/kg ww 0 12 0 0 0 0 0 0 0.20 0.000
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
FIR Food ingestion-wet kg ww food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-wet kg ww food/day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/kgBW-day 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
FIR Food ingestion-dry kg dw food/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/kgBW/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/day 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072
F1 Sediment ingestion %FIR dw 3% 3% 3% 3% 3% 3% 3% 3% 3% 3%
F2 Fish ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F3 Macrophyte ingestion %FIR dw 97% 49% 97% 97% 97% 97% 97% 49% 97% 49%
F4 Invertebrate ingestion %FIR dw 0% 49% 0% 0% 0% 0% 0% 49% 0% 49%
F5 Other item ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ED Exposure Duration %Presence 59% 59% 59% 59% 59% 59% 59% 59% 59% 59%
EPCdiet Weighted Dietary mg/kg dw food 2.311 72.036 10.190 0.044 0.000 12.820 41.804 0.388 0.024 0.649
Ddiet Dose dietary mg/kgBW-day 0.116 3.602 0.509 0.002 0.000 0.641 2.090 0.019 0.001 0.032
Dwater Dose water mg/kgBW-day 0.000 0.186 0.002 0.000 0.000 0.010 0.046 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.116 3.788 0.512 0.002 0.000 0.651 2.136 0.019 0.002 0.032
Adj Site Use Adjustment fraction 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59
EDI Dose all - adjusted mg/kgBW-day 0.068 2.235 0.302 0.0013 0.000 0.384 1.260 0.011 0.001 0.019
TRV RMC-ESG Table 1V-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless
HQ HQ (Golder Upper TRV) Unitless

Revised to match FCSAP guidance (Appendix C)

Revised to match FCSAP guidance (Appendix C)

Diet split evenly between macrophytes/invertebrates for some COPCs
Diet split considered Expert Support feedback
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8/17/2016

Table B-3f: Mallard Duck Food Web Model Using Inputs from Management Units TC-3A, TC-3B, and TC-4

Dose Based on Dry Weight Approximations

1416134

Notes

90th percentile of IDW smoothed data for TC-3A, TC-3B, and TC-4 combined

Calculated

Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
Retained RMC estimates

Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
Calculated

0O:\Final\2014\1421\1416134\1416134-004-R-RevO\APP\APP B_Wiildlife Risk Model\
APP B_Kingston Wildlife.xIsx [Mallard WM TC3A TC3B TC4]

Golder Associates

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sbh PCB TotalPAH
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 16.9 721 66.3 1.37 0 210 278 1.4 1.0 12.1
EPCsed Sediment Concentration mg/kg ww 3.4 144 13.3 0.27 0 42 56 0.3 0.2 2.4
EPCfish Fish Concentration mg/kg dw 0.187 0.59 4.44 0.00 0.279 1.37 134.54 0.014 3.24 0.005
EPCfish Fish Concentration mg/kg ww 0.037 0.12 0.89 0.00 0.056 0.27 26.9 0.003 0.65 0.001
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068
EPCinv Invertebrate Concentration mg/kg dw 0 48 0 0 0 0 0 0 1.46 0.002
EPCinv Invertebrate Concentration mg/kg ww 0 9 0 0 0 0 0 0 0.26 0.000
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
FIR Food ingestion-wet kg ww food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-wet kg ww food/day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/kgBW-day 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
FIR Food ingestion-dry kg dw food/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/kgBW/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/day 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072
F1 Sediment ingestion %FIR dw 3% 3% 3% 3% 3% 3% 3% 3% 3% 3%
F2 Fish ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F3 Macrophyte ingestion %FIR dw 97% 49% 97% 97% 97% 97% 97% 49% 97% 49%
F4 Invertebrate ingestion %FIR dw 0% 49% 0% 0% 0% 0% 0% 49% 0% 49%
F5 Other item ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ED Exposure Duration %Presence 59% 59% 59% 59% 59% 59% 59% 59% 59% 59%
EPCdiet Weighted Dietary mg/kg dw food 2.156 57.116 9.554 0.041 0.000 13.489 40.365 0.252 0.031 0.693
Ddiet Dose dietary mg/kgBW-day 0.108 2.856 0.478 0.002 0.000 0.674 2.018 0.013 0.002 0.035
Dwater Dose water mg/kgBW-day 0.000 0.186 0.002 0.000 0.000 0.010 0.046 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.108 3.042 0.480 0.002 0.000 0.685 2.064 0.013 0.003 0.035
Adj Site Use Adjustment fraction 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59
EDI Dose all - adjusted mg/kgBW-day 0.064 1.795 0.283 0.0012 0.000 0.404 1.218 0.007 0.002 0.020
TRV RMC-ESG Table 1V-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless
HQ HQ (Golder Upper TRV) Unitless

Revised to match FCSAP guidance (Appendix C)

Revised to match FCSAP guidance (Appendix C)

Diet split evenly between macrophytes/invertebrates for some COPCs
Diet split considered Expert Support feedback
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8/17/2016

Table B-3g: Mallard Duck Food Web Model Using Inputs from Management Units TC-AB and TC-5
Dose Based on Dry Weight Approximations

1416134

0O:\Final\2014\1421\1416134\1416134-004-R-RevO\APP\APP B_Wildlife Risk Model\
APP B_Kingston Wildlife.xIsx [Mallard TCAB TC5]

Golder Associates

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sh PCB TotalPAH Notes
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 7.2 330 95.2 0.36 0 140 277 4.5 0.4 14.5 90th percentile of IDW smoothed data for TC-AB, and TC-5 combined
EPCsed Sediment Concentration mg/kg ww 1.4 66 19.0 0.07 0 28 55 0.9 0.1 2.9 Calculated
EPCfish Fish Concentration mg/kg dw 0.079 0.27 6.38 0.00 0.073 0.91 133.70 0.043 1.30 0.006 Calculated
EPCfish Fish Concentration mg/kg ww 0.016 0.05 1.28 0.00 0.015 0.18 26.7 0.009 0.26 0.001 Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68 Retained RMC estimates
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068 Calculated
EPCinv Invertebrate Concentration mg/kg dw 0 22 0 0 0 0 0 0 0.59 0.002 Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)
EPCinv Invertebrate Concentration mg/kg ww 0 4 0 0 0 0 0 0 0.11 0.000 Calculated
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 Revised to match FCSAP guidance (Appendix C)
FIR Food ingestion-wet kg ww food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-wet kg ww food/day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/kgBW-day 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
FIR Food ingestion-dry kg dw food/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
WIR Water ingestion L/kgBW/day 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 Revised to match FCSAP guidance (Appendix C)
WIR Water ingestion L/day 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072
F1 Sediment ingestion %FIR dw 3% 3% 3% 3% 3% 3% 3% 3% 3% 3%
F2 Fish ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F3 Macrophyte ingestion %FIR dw 97% 49% 97% 97% 97% 97% 97% 49% 97% 49% Diet split evenly between macrophytes/invertebrates for some COPCs
F4 Invertebrate ingestion %FIR dw 0% 49% 0% 0% 0% 0% 0% 49% 0% 49% Diet split considered Expert Support feedback
F5 Other item ingestion %FIR dw 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ED Exposure Duration %Presence 59% 59% 59% 59% 59% 59% 59% 59% 59% 59%
EPCdiet Weighted Dietary mg/kg dw food 1.864 32.707 10.422 0.011 0.000 11.376 40.313 0.343 0.012 0.765
Ddiet Dose dietary mg/kgBW-day 0.093 1.635 0.521 0.001 0.000 0.569 2.016 0.017 0.001 0.038
Dwater Dose water mg/kgBW-day 0.000 0.186 0.002 0.000 0.000 0.010 0.046 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.093 1.821 0.523 0.001 0.000 0.579 2.061 0.017 0.002 0.038
Adj Site Use Adjustment fraction 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59
EDI Dose all - adjusted mg/kgBW-day 0.055 1.075 0.309 0.0003 0.000 0.342 1.216 0.010 0.001 0.023
TRV RMC-ESG Table IV-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless
HQ HQ (Golder Upper TRV) Unitless
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8/17/2016

Table B-4a: Great Blue Heron Food Web Model Using Inputs from RMC-ESG Table IV-25

Dose Based on Wet Weight Approximations

O:\Final\2014\1421\1416134\1416134-004-R-RevO\APP\APP B_Wildlife Risk Model\

APP B_Kingston Wildlife.xlsx [Heron - RMC]

Golder Associates

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sb PCB TotalPAH
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 43 3893 53 1.7 0 215 207 42 0.98 835
EPCsed Sediment Concentration mg/kg ww 8.6 778.6 10.6 0.34 0 43 41.4 8.4 0.196 167
EPCfish Fish Concentration mg/kg dw 0.475 3.2 3.55 0 0.345 1.4 100 0.4 3.1 0.325
EPCfish Fish Concentration mg/kg ww 0.095 0.64 0.71 0 0.069 0.28 20 0.08 0.62 0.065
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068
EPCinv Invertebrate Concentration mg/kg dw 0 260 0 0 0 0 0 0 1.4 0.12
EPCinv Invertebrate Concentration mg/kg ww 0 46.8 0 0 0 0 0 0 0.252 0.0216
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
FIR Food ingestion-wet kg ww food/kgBW-day 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
FIR Food ingestion-wet kg ww food/day 0.414 0.414 0.414 0.414 0.414 0.414 0.414 0.414 0.414 0.414
FIR Food ingestion-dry kg dw food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/day NA NA NA NA NA NA NA NA NA NA
WIR Water ingestion L/kgBW/day 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
WIR Water ingestion L/day 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092
F1 Sediment ingestion %FIR ww 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
F2 Fish ingestion %FIR ww 100% 90% 100% 100% 100% 100% 100% 100% 90% 90%
F3 Macrophyte ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F4 Invertebrate ingestion %FIR ww 0% 10% 0% 0% 0% 0% 0% 0% 10% 10%
F5 Other item ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
ED Exposure Duration %Presence 67% 67% 67% 67% 67% 67% 67% 67% 67% 67%
EPCdiet Weighted Dietary mg/kg ww food 0.267 20.828 0.922 0.0068 0.069 1.14 20.828 0.248 0.58712 3.40066
Ddiet Dose dietary mg/kgBW-day 0.048 3.749 0.166 0.001 0.012 0.205 3.749 0.045 0.106 0.612
Dwater Dose water mg/kgBW-day 0.000 0.124 0.002 0.000 0.000 0.007 0.030 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.048 3.873 0.168 0.001 0.012 0.212 3.779 0.045 0.106 0.612
Adj Site Use Adjustment fraction 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
EDI Dose all - adjusted mg/kgBW-day 0.016 1.297 0.056 0.00041 0.0042 0.071 1.266 0.015 0.036 0.205
TRV RMC-ESG Table 1V-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless
HQ HQ (Golder Upper TRV) Unitless

1416134
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Table B-4b: Great Blue Heron Food Web Model Using Inputs from Western KIH (all management units except PC-N and TC-E)
Dose Based on Wet Weight Approximations

0O:\Final\2014\1421\1416134\1416134-004-R-RevO\APP\APP B_Wiildlife Risk Model\
APP B_Kingston Wildlife.xIsx [Heron - West KIH]

Golder Associates

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sb PCB TotalPAH
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 14.6 1289 74.0 0.96 0 192 281 4.6 0.8 14.6
EPCsed Sediment Concentration mg/kg ww 2.92 257.74 14.80 0.19 0.00 38.36 56.17 0.93 0.15 2.92
EPCfish Fish Concentration mg/kg dw 0.16 1.06 4.96 0.00 0.19 1.25 135.67 0.04 2.37 0.01
EPCfish Fish Concentration mg/kg ww 0.032 0.21 0.99 0.00 0.039 0.25 27.1 0.009 0.47 0.001
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068
EPCinv Invertebrate Concentration mg/kg dw 0 86 0 0 0 0 0 0 1.07 0.002
EPCinv Invertebrate Concentration mg/kg ww 0 15 0 0 0 0 0 0 0.19 0.000
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
FIR Food ingestion-wet kg ww food/kgBW-day 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
FIR Food ingestion-wet kg ww food/day 0.414 0.414 0.414 0.414 0.414 0.414 0.414 0.414 0.414 0.414
FIR Food ingestion-dry kg dw food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/day NA NA NA NA NA NA NA NA NA NA
WIR Water ingestion L/kgBW/day 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
WIR Water ingestion L/day 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092
F1 Sediment ingestion %FIR ww 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
F2 Fish ingestion %FIR ww 100% 90% 100% 100% 100% 100% 100% 100% 90% 90%
F3 Macrophyte ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F4 Invertebrate ingestion %FIR ww 0% 10% 0% 0% 0% 0% 0% 0% 10% 10%
F5 Other item ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
ED Exposure Duration %Presence 67% 67% 67% 67% 67% 67% 67% 67% 67% 67%
EPCdiet Weighted Dietary mg/kg ww food 0.091 6.895 1.287 0.004 0.039 1.017 28.257 0.027 0.449 0.059
Ddiet Dose dietary mg/kgBW-day 0.016 1.241 0.232 0.001 0.007 0.183 5.086 0.005 0.081 0.011
Dwater Dose water mg/kgBW-day 0.000 0.124 0.002 0.000 0.000 0.007 0.030 0.000 0.001 0.000
Dtotal Dose all mg/kgBW-day 0.016 1.365 0.233 0.001 0.007 0.190 5.117 0.005 0.082 0.011
Adj Site Use Adjustment fraction 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
EDI Dose all - adjusted mg/kgBW-day 0.005 0.457 0.078 0.00023 0.0023 0.064 1.714 0.002 0.027 0.004
TRV RMC-ESG Table 1V-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless
HQ HQ (Golder Upper TRV) Unitless

Notes

90th percentile of IDW smoothed data for all Western KIH units combined

Calculated
Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)

Retained RMC estimates
Calculated

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)

Calculated
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8/17/2016

Table B-5a: Osprey Food Web Model Using Inputs from RMC-ESG Table IV-25

Dose Based on Wet Weight Approximations

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sh PCB TotalPAH
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 43 3893 53 1.7 0 215 207 42 0.98 835
EPCsed Sediment Concentration mg/kg ww 8.6 778.6 10.6 0.34 0 43 41.4 8.4 0.196 167
EPCfish Fish Concentration mg/kg dw 0.475 3.2 3.55 0 0.345 14 100 0.4 3.1 0.325
EPCfish Fish Concentration mg/kg ww 0.095 0.64 0.71 0 0.069 0.28 20 0.08 0.62 0.065
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068
EPCinv Invertebrate Concentration mg/kg dw 0 260 0 0 0 0 0 0 1.4 0.12
EPCinv Invertebrate Concentration mg/kg ww 0 46.8 0 0 0 0 0 0 0.252 0.0216
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
FIR Food ingestion-wet kg ww food/kgBW-day 0.385 0.385 0.385 0.385 0.385 0.385 0.385 0.385 0.385 0.385
FIR Food ingestion-wet kg ww food/day 0.5775 0.5775 0.5775 0.5775 0.5775 0.5775 0.5775 0.5775 0.5775 0.5775
FIR Food ingestion-dry kg dw food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/day NA NA NA NA NA NA NA NA NA NA
WIR Water ingestion L/kgBW/day 0.0795 0.0795 0.0795 0.0795 0.0795 0.0795 0.0795 0.0795 0.0795 0.0795
WIR Water ingestion L/day 0.11925 0.11925 0.11925 0.11925 0.11925 0.11925 0.11925 0.11925 0.11925 0.11925
F1 Sediment ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F2 Fish ingestion %FIR ww 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
F3 Macrophyte ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F4 Invertebrate ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F5 Other item ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
ED Exposure Duration %Presence 59% 59% 59% 59% 59% 59% 59% 59% 59% 59%
EPCdiet Weighted Dietary mg/kg ww food 0.095 0.64 0.71 0 0.069 0.28 20 0.08 0.62 0.065
Ddiet Dose dietary mg/kgBW-day 0.037 0.246 0.273 0.000 0.027 0.108 7.700 0.031 0.239 0.025
Dwater Dose water mg/kgBW-day 0.000 0.246 0.003 0.000 0.000 0.014 0.060 0.000 0.002 0.000
Dtotal Dose all mg/kgBW-day 0.037 0.493 0.277 0.000 0.027 0.121 7.760 0.031 0.240 0.025
Adj Site Use Adjustment fraction 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
EDI Dose all - adjusted mg/kgBW-day 0.011 0.145 0.082 0.000 0.008 0.036 2.289 0.009 0.071 0.007
TRV RMC-ESG Table 1V-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless
HQ HQ (Golder Upper TRV) Unitless
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Table B-5b: Osprey Food Web Model Using Inputs from Western KIH (all management units except PC-N and TC-E)

Dose Based on Wet Weight Approximations

0O:\Final\2014\1421\1416134\1416134-004-R-RevO\APP\APP B_Wildlife Risk Model\
APP B_Kingston Wildlife.xlsx [Osprey - West KIH ]

Golder Associates

90th percentile of IDW smoothed data for all Western KIH units combined

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)

Prorated RMC estimates (multiplied by ratio of respective sediment EPCs)

As Cr Cu Hg (sed) MeHg (tissue) Pb Zn Sh PCB TotalPAH Notes
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0 0 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 14.6 1289 74.0 0.96 0 192 281 4.6 0.8 14.6
EPCsed Sediment Concentration mg/kg ww 2.92 257.74 14.80 0.19 0.00 38.36 56.17 0.93 0.15 2.92 Calculated
EPCfish Fish Concentration mg/kg dw 0.16 1.06 4.96 0.00 0.19 1.25 135.67 0.04 2.37 0.01 Calculated
EPCfish Fish Concentration mg/kg ww 0.032 0.21 0.99 0.00 0.039 0.25 27.1 0.009 0.47 0.001
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 0 0 7.4 33 0.43 0 0.68 Retained RMC estimates
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0 0 0.74 3.3 0.043 0 0.068 Calculated
EPCinv Invertebrate Concentration mg/kg dw 0 86 0 0 0 0 0 0 1.07 0.002
EPCinv Invertebrate Concentration mg/kg ww 0 15 0 0 0 0 0 0 0.19 0.000 Calculated
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0 0 0
BW Body weight kg 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
FIR Food ingestion-wet kg ww food/kgBW-day 0.385 0.385 0.385 0.385 0.385 0.385 0.385 0.385 0.385 0.385
FIR Food ingestion-wet kg ww food/day 0.5775 0.5775 0.5775 0.5775 0.5775 0.5775 0.5775 0.5775 0.5775 0.5775
FIR Food ingestion-dry kg dw food/kgBW-day NA NA NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/day NA NA NA NA NA NA NA NA NA NA
WIR Water ingestion L/kgBW/day 0.0795 0.0795 0.0795 0.0795 0.0795 0.0795 0.0795 0.0795 0.0795 0.0795
WIR Water ingestion L/day 0.1193 0.1193 0.1193 0.1193 0.1193 0.1193 0.1193 0.1193 0.1193 0.1193
F1 Sediment ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F2 Fish ingestion %FIR ww 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
F3 Macrophyte ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F4 Invertebrate ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
F5 Other item ingestion %FIR ww 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Fsite Proportion site use %Site Use 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
ED Exposure Duration %Presence 59% 59% 59% 59% 59% 59% 59% 59% 59% 59%
EPCdiet Weighted Dietary mg/kg ww food 0.032 0.212 0.991 0.000 0.039 0.250 27.133 0.009 0.475 0.001
Ddiet Dose dietary mg/kgBW-day 0.012 0.082 0.382 0.000 0.015 0.096 10.446 0.003 0.183 0.000
Dwater Dose water mg/kgBW-day 0.000 0.246 0.003 0.000 0.000 0.014 0.060 0.000 0.002 0.000
Dtotal Dose all mg/kgBW-day 0.012 0.328 0.385 0.000 0.015 0.110 10.507 0.003 0.184 0.000
Adj Site Use Adjustment fraction 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
EDI Dose all - adjusted mg/kgBW-day 0.004 0.097 0.113 0.000 0.004 0.032 3.100 0.001 0.054 0.000
TRV RMC-ESG Table 1V-28 mg/kg-day 2.24 2.66 4.05 0.013 0.029 1.63 66.1 NA 0.18 1.7
TRV lower Golder 2012 mg/kg-day 5 0.26
TRV upper Golder 2012 mg/kg-day 100 1.8
HQ Hazard Quotient Unitless
HQ HQ (Golder Lower TRV) Unitless
HQ HQ (Golder Upper TRV) Unitless
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Table B-6a: Muskrat Food Web Model Using Inputs from Management Unit PC-W
Dose Based on Dry Weight Approximations

C:\Users\adioguino\AppData\Roaming\Microsoft\Excel\
APP B_Kingston Wildlife (version 1).xIsb [Muskrat PC-W]

Golder Associates

As Cr Cu Pb Zn Sb PCB TotalPAH Notes
Msed Moisture (sed) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mfish Moisture (fish) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Mmacro Moisture (macrophyte) fraction 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Minvert Moisture (invertebrate) fraction 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Mother Moisture (other) fraction 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
EPCw Water Concentration mg/L 0 3.1 0.04 0.17 0.76 0 0.019 0.0003
EPCsed Sediment Concentration mg/kg dw 12.3 5595 95.4 380 350 4.2 1.1 35.8
EPCsed Sediment Concentration mg/kg ww 2.5 1119 19.1 76 70 0.83 0.23 7.2 Calculated
EPCfish Fish Concentration mg/kg dw 0.14 4.60 6.39 2.47 169 0.04 3.61 0.014 Calculated
EPCfish Fish Concentration mg/kg ww 0.03 0.92 1.28 0.49 33.8 0.01 0.72 0.003
EPCmacro Macrophyte Concentration mg/kg dw 1.7 25 7.8 7.4 33 0.43 0 0.68 Retained RMC estimates
EPCmacro Macrophyte Concentration mg/kg ww 0.17 2.5 0.78 0.74 3.3 0.043 0 0.068 Calculated
EPCinv Invertebrate Concentration mg/kg dw 1.7 374 7.8 7.4 33 0.43 1.63 0.005
EPCinv Invertebrate Concentration mg/kg ww 0.306 67.3 1.404 1.332 5.94 0.0774 0.29 0.001
EPCother Other Item Conc. mg/kg dw 0 0 0 0 0 0 0 0
EPCother Other Item Conc. mg/kg ww 0 0 0 0 0 0 0 0
BW Body weight kg 1 1 1 1 1 1 1 1 Banfield 1974; Nagorsen 2005
FIR Food ingestion-wet kg ww food/kgBW-day NA NA NA NA NA NA NA NA
FIR Food ingestion-wet kg ww food/day NA NA NA NA NA NA NA NA
FIR Food ingestion-dry kg dw food/kgBW-day 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 Campbell and MacArthur 1996
FIR Food ingestion-dry kg dw food/day 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
WIR Water ingestion L/kgBW/day 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Allometric equation from EPA 1993
WIR Water ingestion L/day 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
F1 Sediment ingestion %FIR dw 2% 2% 2% 2% 2% 2% 2% 2% Environment Canada (2012)
F2 Fish ingestion %FIR dw 5% 5% 5% 5% 5% 5% 5% 5% Environment Canada (2012)
F3 Macrophyte i