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EXECUTIVE SUMMARY
INTRODUCTION

SLR Consulting (Canada) Ltd. (SLR) was retained by the City of Hamilton to complete an Aquatic
Ecological Risk Assessment (ERA) for the lower section of Chedoke Creek, parallel to Highway
403 between Glen Road and Princess Point (i.e., study area).

An accidental sewage discharge from the Main/King Combined Sewer Overflow (CSO) facility to
Chedoke Creek occurred between January 28, 2014 and July 18, 2018.

On November 14 and 28, 2019, MECP issued a revised provincial order and Directors Order to
the City, including a requirement for completing an ERA report for Chedoke Creek.

The purpose of the ERA was to evaluate the potential risks to aquatic plants and invertebrates,
fish, amphibians and aquatic-dependent wildlife associated with exposure to contaminants of
potential concern (COPCs) in sediment and surface water in the study area. The ERA was
conducted in response to the sewage discharge. Specifically, the Order specified that the ERA
should include an evaluation of the sewage remaining in the creek, identification of any on-going
environmental impacts to the creek as a result of the sewage spill and a review of remediation
options for the creek. Typical components of sewage discharge include nutrients and bacteria,
with relatively small amounts of metals and polycyclic aromatic hydrocarbons (PAHs). However,
because this is a CSO, metals and PAHs were also analyzed because these are components of
CSO discharge.

ERA APPROACH

The methods used to conduct this ERA were based on risk assessment procedures
recommended by the Ministry of Environment, Conservation and Parks (MECP) and Environment
and Climate Change Canada (ECCC).

The study area considered in this ERA includes the lower section of Chedoke Creek running
parallel to Highway 403. The upstream extent of the study area is defined by Glen Road at which
point Chedoke Creek is channelized underground. The downstream limit of the study area is the
Desjardin Recreational Trail Bridge at Princess Point (Drawing 1). The bridge at Princess Point
marks the boundary of the Chedoke Creek subwatershed (Hamilton Conservation Authority -
HCA, 2008).

The datasets used in this ERA included a total of twenty-two sediment samples collected by Wood
in 2018 and by SLR in 2019, as well as a total of eight surface water samples obtained by SLR in
2019. Sediment and surface water samples obtained prior to the Main/King CSO discharge event
were also used, when available, to evaluate whether concentrations have returned to conditions
observed before the discharge event. The ERA focused on the shallow sediment dataset
(collected entirely within the top 15 cm of sediment) following MECP guidance (MOE 2008)
specifying that surficial sediments (to about 10 cm depth) are where most sediment-dwelling
organisms live and should therefore be the focus of the sediment assessment. The 2019
sediment sampling locations in the study area were selected based on a review of the 2018
sediment results. The design of the sampling program was intended to provide a gradient of
chemical concentrations in the resultant data and provide reasonable spatial coverage of the
study area.
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The first part of this ERA is the problem formulation. For there to be any possibility of risks to
ecological health, aquatic receptors must be exposed to one or more stressors (i.e., one or more
COPCs). This question was addressed systematically by identifying the COPCs, the ecological
receptors of concern (ROCs) that might be exposed to the COPCs, and the specific pathways
through which the ROCs might be exposed. The information was summarized in a conceptual site
model (CSM). The CSM combines information on COPCs, potential receptors, and potential
exposure pathways to provide an overall picture of interactions within the study area and identifies
complete exposure pathways which are carried forward for risk characterization.

The next steps in the ERA were the calculation of the degree to which the ROCs were exposed
to the COPCs (i.e., Exposure Assessment) and an evaluation of the adverse effects posed by the
COPCs (i.e., Effects Assessment). The exposure assessment evaluated the spatial distribution
of the COPC groups and quantified the concentrations of individual COPCs at the point of contact
with a receptor (e.g., aquatic plants, aquatic invertebrates, fish and/or amphibians). The COPC
concentration at the point of contact is also referred to as the exposure point concentration (EPC).
As part of the Effects Assessment, toxicity reference values (TRVs) were compiled for each of
the COPCs to assess the potential effects and characterize the potential risks. A TRV is a
receptor-specific concentration of a chemical, above which adverse effects have the potential to
occur, and below which there is a low likelihood that adverse effects will occur.

In the Risk Quantification, the EPC obtained as part of the Exposure Assessment were divided
by the TRVs to calculate hazard quotients (HQs). The HQs were compared to MECP ecological
risk-based targets to characterize risks. According to MECP guidance, HQs greater than 1
indicate potential risks are present, while HQs less than 1 indicate negligible risk. In addition to
calculating HQs, additional lines of evidence (LOEs) were evaluated to further assess the risks
for benthic invertebrates. The benthic invertebrate LOEs included toxicity tests and the
assessment of benthic invertebrates living in the creek. These additional LOEs were used
because concentrations of contaminants in sediment may exceed the applicable guidelines;
however, contaminant concentrations are not necessarily strongly correlated to bioavailability and
toxicity. Because relationships between concentrations of contaminants in sediment and their
bioavailability are poorly understood, and vary on a site-specific basis, determining effects of
contaminants in sediment on aquatic organisms often requires a combination of approaches,
including biological observations, controlled toxicity tests and measures of effects on benthic
communities inhabiting sediments.

PROBLEM FORMULATION FINDINGS
Which compounds have been retained as COPCs?

COPC screening benchmarks were used to identify substances that could cause negative effects
to ecological receptors. Chemicals with concentrations exceeding the screening benchmarks
were deemed to be final COPCs and were carried forward for evaluation in the ERA.

The sediment screening benchmarks included, in the following order of preference, the Provincial
Sediment Quality Guidelines (PSQGs) Lowest Effect Level (LEL), the Canadian Sediment Quality
Guidelines (CCME) freshwater Interim Sediment Quality Guidelines (ISQGs), or the background
sediment concentrations for metals in the Great Lakes region.

The surface water screening benchmarks included, in the following order of preference, the

Provincial Water Quality Objectives (PWQOs), MECP Aquatic Protection Values (APVs), CCME
Water Quality Guidelines, and BC Approved WQG for the protection of freshwater aquatic life.
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The surface water results were screened against values protective of aquatic life, and of wildlife
or livestock to account for wildlife potentially using Chedoke Creek as a source of drinking water.

The final COPCs retained in the ERA are presented below.

COPC Group Sediment (0-0.15) Surface Water

Arsenic, cadmium, chromium, copper, lead,
manganese, mercury and zinc

Metals Aluminum and iron (total)

Acenaphthylene, acenaphthene, anthracene,
benz(a)anthracene, benzo(g,h,i)perylene,
benzo(k)fluoranthene, benzo(a)pyrene, chrysene,
PAHs dibenz(a,h)anthracene, fluoranthene, fluorene, None
indeno(1,2,3-cd)pyrene,

2- methylnaphthalene, naphthalene, phenanthrene, pyrene
and total PAHs

Nutrients Total Kjeldahl nitrogen (TKN) and total phosphorus Nitrite and total phosphorus

Fecal coliforms including E. coli were identified as uncertain COPCs in surface water and
sediment as there are no screening benchmarks for the protection of ecological receptors.

What species were identified as ROCs and how?

Numerous databases and reports were consulted to identify the ecological receptors potentially
present in the study area. In addition, SLR biologists gathered information on aquatic plants and
animals and their habitat while in the field. This information was used to compile a list of the
species potentially present in the study area. It is standard practice in completing an ERA to
select a subset of representative plant and animal species (surrogate receptors) to evaluate a
reasonable number of receptors because it is impractical in terms of time and cost to conduct a
risk assessment for every plant and animal species that might occur in a particular area. Provincial
and federal agencies provide criteria to assist in the selection of surrogate receptors. These
criteria were used to compile the final list of species considered in this ERA.

The following receptor groups and species were selected. Some species were selected to
represent different feeding guilds.

Aquatic plants

Benthic aquatic invertebrates (community of organisms living in or on the sediment)
Aquatic invertebrates (community of organisms living in the water column)

Fish (benthivorous represented by the white sucker and piscivorous represented by the
northern pike)

Amphibians (represented by the leopard frog)

Reptiles (represented by the northern water snake and snapping turtle)
Herbivorous dabbling ducks (represented by the mallard)

Omnivorous dabbling ducks (represented by American Black duck)

Carnivorous birds (represented by the Great Blue heron)

Piscivorous birds (represented by the osprey)

Herbivorous mammals (represented by the muskrat)
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How can the ecological ROCs come into contact with the COPCs and what was evaluated
in the ERA?

The ecological ROCs can come into contact with the COPCs via several exposure pathways
including:

¢ Direct contact with contaminated environmental media (e.g., sediment, surface water)
¢ Ingestion (consumption) of sediment and water
e Ingestion of contaminated prey items.

As per risk assessment guidance, only complete exposure pathways are carried forward for
evaluation in the ERA. Complete exposure pathways require a receptor to contact an
environmental medium where COPCs have been identified. Complete exposure pathways have
varying levels of importance; consequently, the pathways that reflect the highest potential
exposure of a ROC to a specific COPC or group of COPCs are generally identified.

Complete exposure pathways were identified for:

Aquatic plants exposed to COPCs in sediment and surface water
Aquatic invertebrates exposed to COPCs in sediment and surface water
Fish exposed to COPC in sediment and surface water

Amphibians exposed to COPC in sediment and surface water

COPC SEDIMENT DISTRIBUTION AND TRENDS
Nutrients

Nutrients are a component of raw sewage. Total Kjeldahl nitrogen (TKN') and total phosphorus
(TP) were the nutrients used to evaluate nutrients in sediment and surface water after the
discharge event.

In 2018, both TKN and TP in surface sediment were above the PSQG LEL but below the PSQG
SEL. In 2019, TKN decreased at all locations and all sediment samples had TKN in concentrations
below the PSQG LEL. Concentrations of TP in surface sediment were comparable in 2018 and
2019. Studies that included historical sediment samples analyzed for TP in the study area were
not found. However, sediment samples were collected in Cootes Paradise in 2006 and 2013,
including two sediment samples from Chedoke Bay (CC-1 and CC-2). TP concentrations obtained
from Chedoke Bay in 2006 and 2013 were comparable to concentrations obtained in 2018 and
2019.

Nutrients concentrations in the surface water samples obtained in 2019 were characteristics of
waters influenced by organic inputs. TKN in the study area ranged from 500 to 1500 pg/L and
indicates nutrients enrichment?. TP concentrations in 2019 (314 to 428 ug/L) exceeded the PWQO

' TKN measures ammonia and organic nitrogen. In many wastewaters and effluents, organic nitrogen will
convert to ammonia.

2 There is no Ontario guideline for TKN; however, waters not influenced by excessive organic inputs typically
range from 0.100 to 0.500 mg/I (Environment Canada 1979).
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(30 ug/L) indicative of an excessive amount of TP in rivers. Elevated nutrients concentrations are
a common occurrence in Chedoke Creek. In 1996, a mean TKN concentration of 2840 ug/L was
reported for Chedoke Creek (Chow-Fraser 1996). The mean total phosphorus concentration in
the same study was reported to be 375 ug/L. These concentrations are higher (TKN) or
comparable (TP) to those obtained in 2019.

TP concentrations were measured in the study area (CP-11) before (2009 to 2013), during the
discharge (May 2014 to July 2018) and after the discharge (August 2018 to October 2018) (HCA
data as provided by City of Hamilton, 2019). The results show that TP concentrations were
significantly higher in 2018 during the Gate 2 failure. After the discharge, TP concentrations
returned to concentrations observed before the discharge event.

Chow-Fraser indicated that the high nutrient levels observed in 1996 in Chedoke Creek were
probably linked to the several CSOs discharging into the creek. In addition, urban runoff has been
recognized as a major nonpoint source of TP in the growing season, for example urban runoff
has been identified as the second most important nonpoint loading source of TP to Cootes
Paradise (Dong-Kyun et al 2016).

Bacteria

E. coli counts in surface water are commonly elevated throughout the Chedoke Creek watershed.
E coli levels in water were measured in the study area and at three locations upstream of the
Main/King CSO (CC-3, CC-7 and CC-9) in 2018, during and after the sanitary sewer discharge
event. The results show that E. coli levels were significantly higher downstream of the King/Main
CSO than in the upstream stations at CC-2, CC-7, and CC-9, during the discharge. After the
discharge period, E coli downstream of the King/Main CSO decreased to levels lower than those
observed at the upstream locations. This distribution pattern points to several sources of E. coli
in Chedoke Creek subwatershed. In sediment, fecal coliforms were elevated after the discharges
and have since decreased. Fecal coliforms are, however, still detectable in surface sediment
downstream from the CSO and could be released to the water column when the sediment is
stirred.

Metals

Metals in surface sediment reflect the various inputs present in an urban watershed such as
Chedoke Creek subwatershed and are present in concentrations that are comparable to those in
a composited sample obtained in the study area by Environment Canada in 2002.

Metals exceeding the PSQG LELs in one or more samples included arsenic, chromium, copper,
lead, manganese, mercury and zinc. Copper was the only metal that exceeded the PSQG SEL
(at locations C-3 West, C-4 West and C-5 East). The highest concentrations of metals in surface
sediment were generally obtained at locations 3 West, C-4 West and C-5 East. This indicates that
the storm sewers located immediately upstream of C3-West and C5-East may also contribute
metals to the study area.

Polycyclic Aromatic Hydrocarbons (PAHSs)
All surface sediment sampling locations except for one (G3) had one or more PAHs and total

PAHs in concentrations exceeding the PSQG LELs in 2018 and 2019. Total PAHs were below
the SEL in all samples in 2018 and 2019.

SLR v



Appendix "A" to Report PW19008(g)/LS19004(f)

Page 8 of 406
City of Hamilton SLR Project No.: 209.40666.00000
Ecological Risk Assessment — Chedoke Creek February 2020

In all samples, fluoranthene was the dominant PAH, followed by pyrene and phenanthrene or
chrysene. The similar distribution of individual PAHs in the samples across the study area points
to acommon source. A study on PAHSs in Cootes Paradise Marsh and select tributaries completed
by Chow-Fraser et al (1996) indicated that PAHs in sediment in Spencer, Borer's and Chedoke
Creeks most likely originated from automobile exhaust and residual asphalt based on the high
levels of fluoranthene and pyrene, which are derivatives of engine combustion.

In 2002, Environment Canada investigated PAH concentrations in the sediment of 131 tributaries
draining into the Niagara River or Lake Ontario. A composited sediment sample was obtained
upstream of the mouth of Chedoke Creek as part of the 2002 study. The results indicated that at
the time, individual PAHs and total PAHs also exceeded the SQG LELs. Similar to the samples
obtained in 2018 and 2019, pyrene, fluoranthene and phenanthrene were the dominant PAHSs in
the composited sample obtained in 2002. The Environment Canada study concluded that PAHs
were widespread in the tributaries, with concentrations generally appearing to be higher in or near
urbanized areas. Ten out of the 131 tributaries had concentrations of total PAHs greater than 10
mg/kg. These tributaries were located in the most densely populated portions of the basin,
between Hamilton and Toronto, and included Chedoke Creek. Out of the ten tributaries, seven
had higher concentrations of total PAHs than Chedoke Creek.

KEY FINDINGS OF THE ERA

The hazard quotients calculated as part of the risk characterization indicated that potential risks
to aquatic life and amphibians exposed to surface sediment were negligible for nutrients and
negligible to low for metals. This however does not preclude potential risks from exposure to
nutrients for which TRVs are not available. Based on the hazard quotients for COPCs with
available TRVs, potential risks were identified for aquatic life and amphibians exposed to PAHs
in surface sediment. The potential risks were qualified as low, moderate or high depending on
location. PAHs were identified as the risk drivers among the COPCs for which TRVs were
available.

One mussel species of special conservation concern, Lilliput (Toxolasma parvum), has been
observed in Cootes Paradise Marsh and Princess Point near the study area. For this reason,
potential risks were conservatively assessed for this species although it is not known if it is present
in the study area. The ERA found potential risks for this species at all sampling locations for
metals and/or PAHs in sediment and nutrients in surface water.

Additional lines of evidence (LOEs) were used to evaluate potential risks to benthic invertebrates
exposed to COPCs in sediment. The toxicity tests showed that the freshwater midge Chironomus
dilutus was not significantly impacted after being exposed the sediment obtained from the study
area. Adverse effects to amphipod (Hyalella azteca) growth and survival were observed in the
toxicity tests. The benthic community in the study area comprised stress tolerant species
consistent with those observed in urban streams draining areas of high percent impervious cover.

The results of the ERA indicate that the PAHs, metals and bacteria in the study area sediment,
as well as the sediment oxygen demand resulting from the degradation of natural organic detritus
and/or organic waste, likely restricts the benthic invertebrate community makeup to stress tolerant
organisms. While the Main/King CSO discharge likely impacted the benthic invertebrates, the
benthic community assemblage observed in the study area is consistent with that observed in
streams in urban watersheds with a high percent of impervious cover and connectivity issues.
The review of the COPCs distribution indicates that concentrations of PAHs, metals, nutrients and
bacteria in sediment and/or surface water are comparable to concentrations measured prior to
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the discharge. The elevated concentrations of COPCs have been an ongoing issue in Chedoke
Creek sediment and/or surface water prior to and after the 2014-2018 discharge event, including
in areas upstream of the Main/King CSO. These observations are consistent with the fact that
Chedoke Creek is predominantly an urbanized watershed that has been altered over time as a
result of intense urban development within the Hamilton area, and the creek has been and
continues to be subject to numerous point source (e.g., CSOs, storm water outfalls) and nonpoint
source discharges (e.g., highway runoff, runoff from urban and industrial areas).

RECOMMENDATIONS

Item 1 of the Director’s Order required “an identification and evaluation of sewage remaining in
the creek, anticipation of any ongoing environmental impacts to the creek as a result of the
sewage spill, and a review of options designed to remediate the creek and monitor the
environmental condition of the creek.”

Recommendations proposed by Wood (2019) were reviewed by SLR based on information
collected during 2019 (and not available to Wood) and findings in the current ERA. As a result of
this review, none of the following recommendations considered in Wood (2019) — physical
capping, chemical inactivation, or sediment removal by hydraulic dredge — are recommended at
this time.

Options to remediate and monitor the creek were contingent on the assessment of impact.
Monitoring the environmental condition of the creek as it relates to ongoing operations for the
Main/King CSO is occurring. Information available for review in the ERA showed nutrient
contamination and phosphorus loading typically associated with sewage discharge have reduced
and are comparable to pre-discharge levels, indicating no apparent and persistent effects in
Chedoke Creek resulting from the sewage discharge. Given these findings, the requirement for
remediation of the creek as stated in the Director’'s Order would appear unnecessary to address
effects from the sewage discharge, and the ‘no action’ alternative is recommended.
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1.0 INTRODUCTION

SLR Consulting (Canada) Ltd. (SLR) was retained by the City of Hamilton to complete an Aquatic
Ecological Risk Assessment (ERA) for the lower section of Chedoke Creek, parallel to Highway
403 (Drawing 1). The purpose of the ERA was to evaluate the potential risks to aquatic plants and
invertebrates, fish, amphibians and aquatic-dependent wildlife associated with exposure to
contaminants of potential concern (COPCs) in sediment and surface water in the study area. The
ERA was conducted in response to the sewage discharge.

The ERA was carried out using data and information presented in the Wood Environmental &
Infrastructure Solutions (Wood) report titled, MECP Order # 1-J25YB Item 1b Chedoke Creek
Natural Environment and Sediment Quality Assessment and Remediation Report, City of Hamilton,
dated January 24, 2019 as well as environmental data collected by SLR during the week of
September 30, 2019.

1.1 Background

An accidental sewage discharge from the Main/King Combined Sewer Overflow (CSO) facility to
Chedoke Creek occurred between January 28, 2014 and July 18, 2018.

On August 2, 2018, the Ministry of Environment, Conservation and Parks (MECP) issued
Provincial Officer's Order #1-J25YB (the 2018 Order) to the City. The 2018 Order included
requirements for an evaluation of the impacts of the sewage discharge to Chedoke Creek. To fulfil
this requirement, the City retained Wood to complete a site assessment and an impact
assessment, and to prepare a remedial plan, if required (Wood, 2019).

In the spring of 2019, the City asked SLR to provide peer review services related to the
investigation and mitigation recommendations presented in the 2019 Wood Report. Findings of
the peer review were provided in a memorandum dated May 15, 2019 and follow-up report entitled
“Peer Review Related Services and Environmental Technical Support” dated June 7, 2019.

The findings of the peer review indicated that the 2019 Wood Report included information on the
physical characteristics and the quality of the sediment found at the bottom of Chedoke Creek,
the aquatic invertebrates living in this sediment, the fish living in or migrating to Chedoke Creek,
and the quality of the water in the creek. However, only sediment quality compared to the
Provincial Sediment Quality Guidelines had been used to evaluate whether conditions in the creek
potentially caused adverse effects to aquatic life. For this reason, SLR recommended re-analyzing
the data presented in the Wood Report in the context of an ERA to determine next steps for
Chedoke Creek, including a data gap analysis and the development of a workplan to collect
additional information where required.

Following a review of the data contained in the 2019 Wood Report and consultation with the City
of Hamilton, a sediment and surface water sampling program was conducted in September 2019
by SLR to support the completion of a risk assessment report. Sediment sampling sites in Chedoke
Creek were selected based on a review of the sediment chemistry data provided in the 2019
Wood Report. The sampling design was intended to provide a gradient of chemical
concentrations in the resultant data and provide reasonable spatial coverage of the study area.
Though every effort was made to include a local sediment reference location in a comparable
urban creek (i.e., Red Hill Creek), no nearby location included fine sediments suitable for chemical
or toxicological analyses.
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The field program consisted of the collection of surface water and sediment samples from Lower
Chedoke Creek for analytical chemistry evaluation. Two surface water samples were also collected
upstream and downstream of the CSO at Red Hill Creek, a local urban stream. In addition to
chemical analysis, select sediment samples were submitted for toxicological characterization (i.e.,
toxicity testing). Benthic invertebrate community structure (BICS) analysis was also conducted.

On November 14 and 28, 2019, MECP issued a revised provincial order and Directors Order (1-
MRRCX) to the City, including a requirement for completing an ecological risk assessment report
for Chedoke Creek as a result of the sewage discharge.

1.2 ERA Scope and Approach

The risk assessment presented in this report is an aquatic ecological risk assessment and
considered ecological receptors including aquatic life (aquatic plants, aquatic invertebrates and
fish), amphibians and aquatic-dependent reptiles, birds and mammals.

1.2.1 Spatial Scope

The study area considered in this ERA includes the lower section of Chedoke Creek running
parallel to Highway 403. The upstream extent of the study area is defined by Glen Road at which
point Chedoke Creek is channelized underground. The downstream limit of the study area is the
Desjardin Recreational Trail Bridge at Princess Point (Drawing 1). The bridge at Princess Point
marks the boundary of the Chedoke Creek subwatershed (Hamilton Conservation Authority -
HCA, 2008; drawing provided in Appendix A). The outlet of the Main/King CSO facility is located
at the upstream limit of the study area.

Some environmental samples were collected immediately downstream of the bridge in Chedoke
Bay (also referred to as Chedoke Delta). Chedoke Bay is located in the south east corner of
Cootes Paradise Marsh at the mouth of Chedoke Creek (Theijsmeijer and Bowman, 2016). These
samples, while collected from within Cootes Paradise, are discussed in the ERA as they
characterize the outlet area of Chedoke Creek.

Environmental samples obtained in Chedoke Creek upstream of the study area were also
considered in this ERA. These samples provide information on conditions in sections of the creek
not affected by the Main/King CSO. Finally, environmental samples obtained in Red Hill Creek
were considered in this ERA. These samples provide information on environmental conditions in
an urban creek draining a similar urban watershed.

As per the scope of work for this ERA, Cootes Paradise Marsh was not included in the ERA.
1.2.2 Temporal Scope

The ERA focuses on current environmental conditions in the study area. Therefore,
environmental data collected prior to or during the Main/King CSO discharge were not included
in the dataset used to evaluate the current exposure of ecological receptors (i.e., data obtained
before July 18, 2018).

Environmental data obtained from Chedoke Creek prior to the CSO discharge were; however,

considered in this report to support the discussion of environmental trends prior to and following
the Main/King CSO discharge.
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1.2.3 General Approach

The ERA was conducted in general accordance with the ecological risk assessment guidance
available from the following sources:

e Ministry of the Environment (MOE?®). 2008. Guidelines for Identifying, Assessing and
Managing Contaminated Sediments in Ontario.

¢ MOE 2011a. Soil, ground water and sediment standards for use under Part XV.1 of the
Environmental Protection Act.

¢ MOE 2011b. Rationale for the Development of the Soil and Groundwater Standards for
Use at Contaminated Sites in Ontario. Ministry of the Environment Standards
Development Branch. April 15, 2011.

e MECP. 2017. Procedures for the Use of Risk Assessment under Part XV.1 of the
Environmental Protection Act. Published August 18, 2017, Updated May 15, 2019.

e Environment Canada (EC). 2012. Federal Contaminated Sites Action Plan (FCSAP)
Ecological Risk Assessment Guidance. March 2012.

The first part of this ERA is the problem formulation. For there to be any possibility of a risk to
ecological health, aquatic receptors must be exposed to one or more stressors (i.e., one or more
COPCs). This question was addressed systematically by identifying the COPCs, the ecological
receptors of concern (ROCs) that might be exposed to the COPCs, and the specific pathways
through which the ROCs might be exposed. The information was summarized in a conceptual site
model (CSM?) to determine the ROC-COPC combinations arising from complete exposure
pathways that were carried forward for risk characterization.

The next steps were the calculation of the degree to which the ROCs were exposed to the COPCs
(i.e., Exposure Assessment) and the toxicity of the COPC (i.e., Effects Assessment). Using these
two factors, risk calculations were completed and the resulting hazard quotients (HQs) were
compared to MECP ecological risk-based targets (i.e., Risk Characterization). According to MECP
guidance, HQs greater than 1 indicate potential risks are present, while HQs less than 1 indicate
negligible risk. In addition to calculating HQs to evaluate the risks, additional lines of evidence
(LOEs) were evaluated to further assess the risks for benthic invertebrates. The benthic
invertebrate LOEs included the evaluation of sediment toxicity to freshwater organisms in
controlled laboratory conditions, and the assessment of benthic invertebrate living in the creek.

3 Now the Ministry of Environment Conservation and Parks (MECP)

4 A CSM combines information on COPCs, potential receptors, and potential exposure pathways to provide
an overall picture of interactions on a site and identifies complete exposure pathways which are carried
forward for risk characterization (refers to Section 5.7).
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1.3 Report Organization

The report is organized into the sections described in Table 1-1.

Table 1-1:

Report Organization

Report Section

Content

Section 1 - Introduction

Outlines site objectives and scope.

Section 2 — Applicable Guidelines
and/or Standards

Provides an overview of the standards and guidelines applied to the data to identify the
COPCs

Section 3 — Summary of Previous
Environmental Studies

Provides brief summaries of previous environmental studies relevant to the ERA.

Section 4 — Data Collected in Support
of the ERA

Provides a summary of the field investigations completed by SLR to support the ERA.

Section 5 - Problem Formulation

Provides site information; describes characterization data and historical and current
analytical results; presents the COPC screening process and identifies COPCs in affected
media; screens potential ecological receptors; discusses relevant exposure pathways;
presents the CSM identifying complete exposure pathways to be evaluated in the ERA.

Section 6 — Exposure Assessment

Discusses the distribution of the final COPCs and identifies exposure point concentrations
(EPCs) for each medium, pathway and receptor pairing.

Section 7 - Effect Assessment

Provides toxicity reference values (TRVs) and discusses methods and results for toxicity
tests, benthic invertebrate community structure and biological surveys.

Section 8 — Risk Characterization

Evaluates potential risks by combining the exposure information and TRVs to calculate
HQs on a study area-wide basis. Presents the additional LOEs used in the evaluation of
risks and integrates each LOEs into a final ERA weight of evidence (WOE).

Section 9 — Uncertainty Analysis

Identifies areas of greatest uncertainty and any assumptions that could affect the
conclusions of the ERA

Section 10 — Summary and
Conclusions

Provides a summary and conclusions of the ERA.

Section 11 — Recommendations

Provides a summary of the recommendations.

Section 12 — Statement of Limitations

Discusses obligations and responsibilities of SLR regarding this report.

Section 13 — References

Lists references used in the ERA.
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2.0 APPLICABLE GUIDELINES AND/OR STANDARDS

The following subsections present the environmental guidelines and/or standards specifically
used to identify the COPCs selected in the ERA (i.e., COPC screening benchmarks). The COPC
identification process (or COPC screening) is further discussed in Section 5.4.

2.1 Sediment

The Provincial Sediment Quality Guidelines (PSQGs) Lowest Effect Levels (LELs) are the basis
of the MECP Sediment Standards (MOE 2011a) and were used to identify sediment COPCs for
aquatic life (macrophyte, benthic invertebrates and benthic fish) (MOE 2011b and MOE 2008).
The PSQG LEL “indicates a level of contamination that can be tolerated by the majority of
sediment-dwelling organisms. Sediments meeting the LEL are considered clean to marginally
polluted” (MOE 2008).

The Canadian Sediment Quality Guidelines (Canadian Council of Ministers of the Environment -
CCME 1999) freshwater Interim Sediment Quality Guidelines (ISQGs) were used as secondary
values to identify COPCs for the parameters for which PSQG LELs have not been developed.

The background sediment concentrations for metals in the Great Lakes region (MOE, 2008) were
also used as screening benchmarks, where available.

The selected COPC screening values for sediment are provided in Table 1 after the text.
2.2 Surface Water

The surface water results were compared to the guidelines/standards listed below to identify
COPCs for aquatic life. Where provincial water quality objectives or values were unavailable,
guidelines and standards from other jurisdictions were selected if methods and protection goals
aligned with MECP approaches.

e Provincial Water Quality Objectives (PWQOs) and Interim PWQOs for the protection of
aquatic life (MOE 1994 and updates);

o MECP Aquatic Protection Values (APVs) (MOE 2011b);

e CCME Water Quality Guidelines (WQG) for the protection of aquatic life (2008);

e BC Approved WQG for the protection of Freshwater Aquatic Life (AWF) Long-term Values
(BC ENV, 2019); and

e BC Working WQGs for the protection of AWF Long-term Values (BC ENV 2018).

In addition to the guidelines listed above, the CCME WQG for the protection of livestock were
used to identify COPCs for aquatic-dependent wildlife potentially using Chedoke Creek as a
source of drinking water. In the absence CCME WQG for livestock, the BC Approved and Working
WQG for wildlife and/or livestock were used. Finally, in the absence of WQG specific to wildlife or
livestock, the MECP value protective of potable water (GW1) were conservatively applied to
identify COPCs for wildlife ingesting surface water.

The selected COPC screening values for surface water are provided in Tables 2 and 3 after the
text.
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3.0 SUMMARY OF PREVIOUS ENVIRONMENTAL STUDIES
The following is a summary of recent environmental studies considered in this ERA.
3.1 Royal Botanical Gardens Water Quality Monitoring Program

The Royal Botanical Gardens (RBG) has been conducting an annual water quality monitoring
program since the early 1970’s in Cootes Paradise Marsh and Grindstone Marsh. The monitoring
program focuses on the marshes, but also monitors inflowing waters including Chedoke Creek,
Spencer Creek, Borer’s Creek, and Grindstone Creek. One sampling location, CP11, is within
Chedoke Creek in the study area. RBG records show that CP11 was monitored from June 1994
to May 2014.

Surface water samples were analyzed for bacteriology and nutrients (total ammonia, ammonia
un-ionized, Total Kjeldahl Nitrogen (TKN), nitrate, nitrite, total nitrogen, and total phosphorus
(TP)). In addition, temperature, conductivity, dissolved oxygen, pH, and turbidity were measured
in the field. The sample locations are provided in Appendix A.

3.2 Hamilton Conservation Authority (HCA) Water Quality Monitoring Program

In 2014, HCA became responsible for the surface water sampling in Spencer Creek, Ancaster
Creek, Borers Creek and Chedoke Creek, previously completed by RBG. This sampling program
included biweekly grab samples was implemented under the Hamilton Harbour Remedial Action
Plan (HHRAP) to gather information on inputs from nonpoint sources of nutrients, sediments and
bacteria into Cootes Paradise Marsh and ultimately the Hamilton Harbour. The HCA monitoring
program included one sampling location in Chedoke Creek, in the study area (CP-11). As part of
the 2017/2018 sampling program, eight additional sampling locations were added in Chedoke
Creek (CC-3. CC-5, CC-7, CC-9, CC-2, CC-5a, CC-10, CC11 Outlet). These samples locations
were added in order to identify the sources of elevated levels of nutrients and bacteria that had
been observed at CP-11. Sampling locations CP-11 and CC11 Outlet are within the study area.
The other seven locations are upstream of the study area.

Samples obtained by HCA were analyzed for bacteriology and nutrients (ammonia + ammonium,
nitrate, nitrite, TP, and o-Phosphate). In addition, temperature, conductivity, dissolved oxygen,
pH, and turbidity were measured in the field. Sample locations are provided in Appendix A.

3.3 Sediment Quality in Canadian Lake Ontario Tributaries: Part One (West of the Bay of
Quinte) Screening-Level Survey

In the summer of 2002, Environment Canada completed a screening-level survey of the quality
of recently deposited sediment near the mouths of tributaries draining to the Niagara River and
Lake Ontario as far east as the Bay of Quinte. Sampling method followed the United States
Geological Survey (USGS) protocol and sub-samples were combined at each site to obtain one
sample representative of the overall conditions in a given tributary. A total of 147 samples were
obtained including 131 tributaries and 16 field duplicate samples (Dove et al 2003). One sample
was obtained from lower Chedoke Creek and analyzed for metals, polycyclic aromatic
hydrocarbons (PAHSs), total polychlorinated biphenyls (PCBs) and organochlorine pesticides.
Total PCBs and pesticides results were below the detection limits of the laboratory methods. Most
individual PAHs and total PAHs in the Chedoke Creek sample were above the SQG LEL. In
addition, phenanthrene, fluoranthene, pyrene and benz(a)anthracene were above the CCME
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probable effect level (PEL). Arsenic, cadmium, chromium, copper, mercury, manganese, lead and
zinc were above the SQG LEL. Zinc was also above the CCME PEL.

The study concluded that PAHs were widespread in the tributaries, with concentrations generally
appearing to be higher in or near urbanized areas. Ten of the tributaries had concentrations of
total PAHs greater than 10 mg/kg. These tributaries were located in the most densely populated
portion of the basin, between Hamilton and Toronto (Table 3-1).

Table 3-1: Total PAHs Concentrations in Ten Lake Ontario Tributaries

Tributary Total PAH concentration (mg/kg)
Pioneer Creek 71.6
Stoney Creek 26.0
Rambo Creek 20.0

Applewood Creek 19.3
Shoreacres Creek 18.8
Wendigo Creek 17.0
Montgomery Creek 14.8
Chedoke Creek 14.5
Roseland Creek 12.6
Tuck Creek 1.7

The study also concluded that some metals commonly exceeded the SQG LEL, including
cadmium (at 94 sites), copper (at 83 sites), manganese (at 87 sites), and zinc (at 64 sites).

3.4 Royal Botanical Gardens (RBG) Marsh Sediment Quality Assessment

In November 2013 sediment grab samples were obtained from Cootes Paradise Marsh and
Grindstone Marsh areas as part of the sediment quality monitoring program completed by RBG
(Bowman and Theijsmeijer, 2014). Sediment samples were obtained from ten locations. While
the inflowing creeks were not sampled, two samples were obtained from Chedoke Bay (CC-1 and
CC-2). The locations were selected based on results of the RBG 2006 sediment sampling
program so that results could be compared to evaluate trends in sediment quality. Sediment
samples were analyzed for nutrients and metals. Concentrations of TKN, TP, cadmium, copper,
iron, manganese, lead, nickel and zinc exceeded the PSQG LEL but were below the SEL in
Chedoke Bay. Metals exceeding the PSQGs LEL were observed at most locations in Cootes
Paradise and Grindstone Marsh, with copper exceeding the LEL at all ten locations. Chedoke Bay
and West Pond had the greatest number of metals exceeding the LEL (seven LEL exceedances
for both stations). All stations exceeded the LEL for TKN and TP. In addition, TP exceeded the
SEL at the Desjardins Canal sampling locations. The study concluded that the sediments of
Cootes Paradise Marsh and Grindstone Marsh demonstrate low to moderate contamination of
some heavy metals and nutrients, with the exception of TP in the Desjardin Canal. Sample
locations are provided in Appendix A.

The study did not recommend additional monitoring for metals in sediment because
concentrations “were only slightly elevated above LEL’'s and include a number of naturally
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occurring metals sources from high contact with rock in the area”. The study recommended follow
up monitoring for nutrients (specifically TP and TKN) in areas of concern including West Pond,
Westdale Inlet, the Desjardins Canal, and Long Pond. Remediation of the Desjardins Canal
sediment was identified as a priority.

3.5 Wood Environment and Infrastructure Solution (2019)

Wood completed a site assessment and impact assessment of Chedoke Creek downstream from
the Main/King CSO facility (Wood, 2019). The study used several LOEs including sediment
physical characteristics and analytical chemistry, benthic invertebrate community data, fish
community data and surface water analytical chemistry to evaluate the environmental conditions
in lower Chedoke Creek.

The sediment thickness characterization indicated that a greater accumulation of fine sediment
was present along the west shoreline of the creek, with upstream sampling locations generally
containing less soft sediment than downstream sampling locations.

Wood collected sediment core and/or grab samples from ten locations in Chedoke Creek. All
locations were downstream of the Main/King CSO facility. Sediment samples were analysed for
bacteria, nutrients, metals and PAHs. Analytical results were compared to the PSQG LELs and
SELs. Porewater biochemical oxygen demand (BOD) was also measured. The highest level of
BOD was observed at the downstream end of the creek immediately upstream of the Princess
Point bridge and coincided with the highest level of organic matter observed in the creek. The
highest fecal bacteria counts were obtained downstream of the Kay Drage Park bridge. The report
noted that inputs/sources of fecal bacteria were ongoing in the creek (e.g., permitted CSO, wildlife,
dogs). Nutrients concentrations exceeded the PSQG LEL, but were below the SEL. The report
indicated that these results suggested that the “sediments contain a level of contamination that
can be tolerated by the majority of sediment-dwelling organisms, but not necessarily stress-
intolerant taxa”. Metals exceeding the PSQG LELs included arsenic, cadmium, chromium,
copper, lead, nickel, silver and zinc. Exceedances of the LELs were observed at all locations. In
surficial sediment (< 15 cm), copper was the only metal to exceed the PSQG SEL. In deeper
sediment (>15 cm), cadmium, copper, nickel and zinc exceeded the PSQG SELs. The report
indicated that several sources of metal contamination were present in the Chedoke Creek
watershed (e.g., other CSOs and urban runoff) and added that isolating these sources from the
Main/King CSO facility inputs was not considered feasible. Wood also reviewed sediment data
provided in studies completed prior to the CSO event and indicated that the results suggested
that legacy metals enrichment had occurred prior to the Main/King CSO facility event. One or
more PAHs exceeded the PSQG LELs at all locations. Comparisons to the SELs were not
provided. Similar to the metals-enrichment discussion, Wood reported that many historical and
ongoing sources of PAHs were present in the Chedoke Watershed.

Wood collected seven sediment samples for BICS analysis. Results indicated that “the community
was made of taxa generally tolerant of poor water quality and environmental stress”. Sampling
for benthic invertebrates in Chedoke Creek was not completed prior to 2018 to evaluate pre-
discharge conditions. Wood noted that “benthic macroinvertebrate community data provide a
measurement of the existing conditions and do not solely represent impacts attributable to the
discharge event. Other confounding factors such as other sources of contaminants (e.g., other
CSOs and urban runoff) have likely contributed to the environmentally degraded state of the
creek, however as noted earlier, establishing a clear distinction as to the attributable sources is
not considered feasible with the available data.”
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Wood did not implement field studies to evaluate fish in Chedoke Creek, and instead used fish
community survey data provided by the RBG. The data interpretation showed “changes typically
indicative of environmental stresses during the discharge event time period; however, some
recent (2018) data suggest improvement”. Wood added that monitoring would be required to
confirm the apparent improving trend.

As with the evaluation of fish, Wood used existing surface water data in the impact assessment.
The data included nutrient concentrations prior to, during and after the discharge. The Wood
evaluation showed a decline in water quality during the discharge and a “dramatic improvement
in water quality” after the discharge ceased. Wood recommended monitoring to confirm this
apparent improving trend.

Wood recommended sediment dredging based on the degraded ecological conditions in the
creek. Wood did note that these conditions likely existed “long before the beginning of the spill
event in 2014”. Wood also reported that “future accumulation and pollutant loading is likely since
multiple CSOs and stormwater outfalls exist upstream”.

4.0 ENVIRONMENTAL DATA COLLECTED IN SUPPORT OF THE ERA

During the week of September 30, 2019, SLR collected thirteen (13) surface water and nine (9)
sediment samples (including one duplicate) from Lower Chedoke Creek. A surface water sample
was also collected upstream and downstream of the Main/King CSO at Red Hill Creek, a local
urban stream. The surface water samples were submitted to the City of Hamilton laboratory for
analysis, while the sediment samples were submitted to Bureau Veritas Laboratories (BV -
previously known as Maxxam). Target analytes for surface water and sediment are summarized
below.

Table 4-1: Summary of SLR 2019 Surface Water and Sediment Analytes

Surface Water Sediment
pH and hardness Particle size
TOC and DOC TOC and moisture
BOD Bacteriology
TSS Nutrients (total ammonia, TKN, total phosphorus)
Bacteriology Metals including mercury
e e o 500 ot
Metals including mercury Hydrogen sulphide (porewater)
PAHs PAHs

DOC - dissolved organic carbon

BOD - Biochemical oxygen demand (BOD)

PAH - Polycyclic aromatic hydrocarbons

TKN — Total Kjeldahl nitrogen (sum of organic nitrogen and ammonia/ammonium)
TSS - Total suspended solids

TOC - Total organic carbon
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In addition, surface water pH, temperature, conductivity and dissolved oxygen were measured in
the field.

Sediment sampling sites in Chedoke Creek were selected based on a review of the sediment
chemistry data provided in the Wood Report. The design was intended to provide a gradient of
chemical concentrations in the resultant data and provide reasonable spatial coverage of the
study area. Though every effort was made to include a local sediment reference location in a
comparable urban creek, i.e. Red Hill Creek, no location included sediments with grain size
ranges suitable for chemical or toxicological analysis.

Grab sediment samples were collected by deploying and retrieving a Ponar dredge sampler. The
sampling method was selected to be consistent with that used by Wood so that the sample results
could be compared. Grab samples were collected side-by-side at each location until enough
material was obtained for chemical characterization, toxicity testing, and BICS analysis.

Six (6) sediment samples obtained from the Study area were submitted to BV for toxicological
characterization using the freshwater midge Chironomus dilutus and the freshwater amphipod
Hyalella azteca.

Benthic invertebrate samples were collected, and field filtered at the same locations where
sediments were collected. Samples from 10 locations (eight in the Study area, one in Chedoke
Bay and one in Red Hill Creek), with three replicates at each location (for a total of 30 samples),
were submitted to Entomogen for benthic invertebrate identification to the lowest practical level
(species or genus). The sample in Red Hill Creek was used to provide qualitative information on
benthic community assemblage in another urban stream with a similar watershed. Sediment could
not be collected at this location due to the nature of the substrate (e.g., cobble), for this reason,
this sample will not be used as a local reference for direct comparisons.

Laboratory analytical reports are provided in Appendix B.
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5.0 PROBLEM FORMULATION

The problem formulation is considered the planning phase of the risk assessment. The steps
include:

Describing the study area;

Screening the environmental data to identify COPCs;

Evaluating the fate and transport of COPCs in environmental media;

Identifying ecological receptors of concern; and

Determining COPC and exposure pathway combinations considered to be complete.

The information herein will form the basis for developing the CSM, which will illustrate the
applicable exposure pathways between sources of contamination and potential receptors
evaluated in the ERA. Only complete exposure pathways are to be quantified in this ERA.

5.1 Chedoke Creek

Chedoke Creek watershed covers an area of 25.1 km?, with the head waters located above the
Niagara Escarpment. The watershed comprises six catchment basins, including, from the
headwaters to the outlet: Chedoke West, Lang’s Creek, Mid-Chedoke, Cliffview, Chedoke East,
and Lower Chedoke Creek (HCA) (2008). Chedoke Creek flows eastward and aligns parallel with
Highway 403, within its lower section, before outletting into the south shore of Cootes Paradise
Marsh. Chedoke Creek combined with Ancaster Creek and Borer’s Creek, two other creeks of
similar size outletting in the marsh, account for 16% of the total watershed of the Cootes Paradise
Marsh (Cootes Paradise Water Quality Group 2012).

The watershed is predominantly urbanized with more than 70% of impervious surface. HCA
(2008) noted that “much of the Chedoke Creek subwatershed has been altered over time as a
result of intense urban development within the Hamilton area; subsequently the majority of the
stream flow directly results from storm water input. Therefore, erosion, sedimentation and
insufficient channel sizes occur at the outlet”. HCA (2008) inventories nineteen (19) stormwater
outfalls/(CSOs) in Chedoke Creek, including four in Lower Chedoke Creek. Land use statistics
provided by HCA (2008) are summarized in Table 5-1.

Table 5-1: Chedoke Creek Subwatershed Land Use Statistics
(Source: HCA 2008)

Land Use/Descriptor Area (km?)

Area 251

Agricultural 0.001
Commercial 0.7
Industrial 0.6
Institutional 3.2
Open space 3.0
Residential 11.0
Transportation 55
Utility 1.1
Impervious area (%) 76
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Water quality in Chedoke Creek indicates contamination with urban sewage and cross
connections, and urban runoff with high levels of nitrate, phosphorus and bacteria (E. coli and

total coliform) commonly observed (Vander Hout et al 2015). Chedoke Creek is generally
considered to have degraded habitat conditions for aquatic life (SNC Lavalin 2017).

The waters of Chedoke Creek are reported to “bypass the majority of Cootes Paradise as it enters
the marsh near the outlet to the harbour with minimal impact to the centre of the marsh”
(Theysmeyer as cited in Cootes Paradise Water Quality Group 2012).

5.1.1 Study Area

As indicated in Section 1.3.1, the study area includes the lower section of Chedoke Creek
extending parallel to Highway 403, between Glen Road and the Desjardin Recreational Trail
Bridge at Princess Point (Drawing 1). Chedoke Bay at the mouth of Chedoke Creek is also
described in this section as it is the outlet area of Chedoke Creek.

The area of study of Chedoke Creek within the Cootes Paradise Environmental Sensitive Area
(ESA) is a linear small riverine warmwater system and is part of the broader Spencer Creek
Watershed and Management Area (Bowlby et al. 2009, HCA 2008). The vegetation communities
along the shorelines reflect this whereby there are no wetland embayment communities
(Photograph 1, Appendix C). The riparian bank slopes are moderate along the length of Chedoke
Creek study area and comprise modified (armour stone) sections (Photograph 2, Appendix C).).
Near the large box culvert, steep concrete banks occur (Photograph 3, Appendix C).). Two bridges
and a pedestrian trail also occur along the banks. The trail fragments the creek from adjacent
Deciduous Forest (FOD) and Cultural Savana (CUS) of the study area. Treed vegetation along
the banks are composed mostly of Manitoba Maple (Acer negundo), Willow Species (Salix), and
Sugar Maple (Acer saccharum) intermixed with Poplar (Populus sp), Ironwood (Ostrya virginiana),
Black Walnut (Juglans nigra), ElIm (Ulmus sp) and Ash (Fraxinus sp) (Photograph 4, Appendix C).
These remnant creek valley slopes of floodplain forests have experienced significant degradation.
Cultural Meadow (CUM) (Photograph 5, Appendix C).) almost exclusively occurs along the
eastern banks and includes a suite of tolerant broad-leaf vegetation typical of old fields and
disturbed areas. Efforts in recent years have focused on restoring these shoreline areas
(Photograph 6, Appendix C).) and areas of Chedoke Bay.

The aquatic community is a mixture of mostly open water (OAO), with pockets of Mixed Shallow
Aquatic (SA). Small areas of Shallow Marsh (MAS) occur at the northern end near sampling
Station C5/G6 and in smaller pockets especially near sampling station G3. Water levels and flows
fluctuate during spring freshets and rain events. During low flow periods, exposed flats occur
along the banks and near the Main/King CSO. Submergent and emergent vegetation observed
throughout the study area includes those species tolerant of dryer and or prolonged flooding
periods. Broad-leaved and Narrow-leaved Cattail (Typha latifolia / Typha angustifolia) and Reed
Canary Grass (Phalaris arundinacea) are common along the riparian banks, with Broad-leaved
Arrowhead (Sagittaria latifolia) and Water Smartweed (Persicaria amphibia) occurring
infrequently in smaller cluster areas. Invasive flora such as Eurasian Manna Grass (Glyceria
maxima) occurs with pockets of Common Reed (Phragmites australis). Generally, the submergent
and floating leaved community is lacking, but restoration efforts in recent years by the RBG
(Chedoke Bay Project and Stream Habitat Improvement program) has seen a reintroduction of
some species. In the summer duckweed species, Canada Waterweed (Elodea canadensis),
Water Smartweed (Polygonum amphibium) and Pond Weed (Stuckenia pectinata) occur in small
backwater areas. Photographs 7 and 8 (Appendix C). provide examples of these SA areas. The
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shallow vegetation communities provide refuge, foraging, spawning and nesting opportunities for
a variety of fish and wildlife (Photographs 9 and 10, Appendix C).

5.2 Aquatic Receptors of Concern

As part of the problem formulation process, aquatic ecological receptors potentially exposed to
COPCs are identified. The ecological receptors of potential concern (ROCs) in the study area
include aquatic life (invertebrates, plants and fish) and aquatic dependent wildlife (e.g., mammals,
waterfowl, amphibians and reptiles) that are confirmed within the study area, or potentially present
in the study area based on the available habitat and therefore may potentially be exposed to
COPCs through sediments or surface water. The aquatic life and wildlife receptor groups are
briefly described in the sub-sections below. The ROCs selected in the ERA are presented in
Section 5.2.4.

5.2.1 Agquatic Life

Aquatic life as defined in this report encompasses aquatic plants, aquatic invertebrates and fish.
The confluence of Chedoke Creek with Cootes Paradise Marsh is unimpeded. The flora and fauna
community in Cootes Paradise Marsh is diverse, owing to its position at the interface between
Lake Ontario and the Spencer Creek watershed. However, the aquatic habitat communities of
Chedoke Creek are limited due to the degraded habitat in the creek.

Aquatic plants largely consist of macrophytes, phytoplankton, and periphyton. Aquatic
macrophyte is the general term applied to large vascular and non-vascular plants that grow in
aquatic systems [including both submergent and emergent plants]. Phytoplankton are small non-
vascular plants that are suspended in the water column and are comprised of several types of
algae. Periphyton are typically larger non-vascular plants that grow on other aquatic plants, or on
the bottom surface of the water body often encrusting large cobble and rocks.

Aquatic invertebrates include species that reside in the water column (zooplankton), in the
sediment (infaunal) or on the sediment (epifaunal). Wood (2019) and SLR (2019) completed
quantitative surveys of the aquatic invertebrates associated with the sediment in Chedoke Creek
(i.e., benthic invertebrates). Species observed by Wood and SLR consisted mainly of stress
tolerant organisms such as chironomids and oligochaetes. These species are typical of urban
streams. Species observed in Chedoke Creek are provided as part of Entomogen Report in
Appendix E.

Fish species in Chedoke Creek were documented in Bowlby et al (2009) and the Royal Botanical
Gardens (RBG, 2001 thru 2018) and are summarized in Table 5-2. The fish assemblage in
Chedoke Creek reflects a warm water system. Chedoke Creek is significantly groundwater fed;
therefore in the summer it will draw in fish species that prefer cooler water from the habitats of
Cootes Paradise (Tys Theijsmeijer personal communication 2018). In the reaches of Chedoke
Creek (south of Main Street), Creek Chub (Semotilus atromaculatus), Brook Stickleback (Culaea
inconstans) and Pumpkinseed (Lepomis gibbosus) have been observed. Movement of the warm
water and cool water fish from Cootes Paradise is expected within the study area given
unrestricted access at the confluence. For example, White Sucker (Castostomus commersoni),
Brown Bullhead (Ameiurus nebulosus) Pumpkin Seed and Large Mouth Bass (Micropterus
salmoides) dominate the fish community in Chedoke Creek. Foraging opportunities and habitat in
the study area exists for other piscivores such as Northern Pike (Esox Lucius) and small
community bait fish ((e.g., Emerald shiner (Notropis atherinoides), Spottail shiner (Notropis
hudsonius)).
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Table 5-2: Native Fish Species Known to occur in Chedoke Creek
Species Scientific Observations and Observed by RBG,
Abundances® 2001 - 2018
Black Bullhead Ameiurus melas 2 X
Black Crappie Pomoxis nigromaculatus 3 X
Bluegill Lepomis macrochirus X
Bluntnose Minnow Pimephales notatus 3 X
Bowfin Amia calva 3 X
Brook Silverside Labidesthes sicculus 3
Brown Bullhead Ameiurus nebulosus 4 X
Channel Catfish Ictalurus punctatus 4
Common Shiner Luxilus cornutus 2
Common White Sucker Castostomus commersoni 4 X
Creek Chub Semotilus atromaculatus 1
Gizzard Shad Dorosoma cepedianum X
Emerald Shiner Notropis atherinoides 4 X
Fathead Minnow Pimephales promelas 3 X
Fresh Water Drum Aplodinotus grunniens 4
Golden Shiner Notemigonus crysoleucas 2 X
Golden Redhorse Moxostoma erythrurum 1
Greater Redhorse Moxostoma valenciennesi 1
Green Sunfish Lepomis cyanellus 3 X
Johnny Darter Etheostoma nigrum 3
Largemouth Bass Micropterus salmoides 4 X
Longnose Dace Rhinichthys cataractae 1 X
Longnose Gar Lepisosteus osseus 2
Logperch Percina sp. X
Northern Pike Esox lucius 3 X
Pumpkinseed Lepomis gibbosus 4 X
River Chub Nocomis micropogon 1
Rock Bass Ambloplites rupestris 3
Sand Shiner Notropis ludibundus 1
Shorthead Redhorse Moxostoma macrolepidotum 2
Silver Redhorse Moxostoma anisurum 1
Smallmouth Bass Micropterus dolomieu 2
Spottail Shiner Notropis hudsonius 4 X
Spotted Gar Lepisosteus osseus 1
Tadpole Madtom Noturus gyrinus 2 X
Walleye Sander vitreus 2 X
White Bass Morone chrysops 1
White Crappie Pomoxis annularis 1
White Perch Morone americana X
Yellow Perch Perca flavescens 4 X

** Invaders (e.g. Goldfish, Carp, Rudd, Round Goby) occur but are excluded

5 Warm and Cool Recorded fish community observed in seining and electrofishing fish surveys since 1970.
Data from the watersheds were obtained from over 600 unpublished studies and were compiled into
databases by the Hamilton Conservation Authority and Conservation Halton. Data from electrofishing, and
entrapment surveys by DFO, RBG, and OMNR. Abundance Levels are based on quartiles with “1” as the

lowest, and “4” as the highest relative abundance as described by Bowlby et Al, 2009.
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5.2.2 Aquatic Dependent Wildlife

Information on aquatic dependent wildlife potentially using the study area was gathered from the
following sources:

e Nature Counts Natural Areas Inventory (NAI) (https://conservationhamilton.ca/natural-
areas-inventory-nai/);

¢ Information from wildlife surveys completed in the Chedoke Watershed / Cootes Paradise

by various organizations and/or consultants (Royal Ontario Botanical Gardens, Research

and monitoring Cootes Paradise);

Hamilton Naturalist Club Bird Counts;

EBird, 2019 and Ontario Freshwater Fishes Life History Database;

Environmental Review of Hendrie Valley. RBG Report No. 2019-6;

Hamilton Harbour and Watershed Fisheries Management Plan (2009);

City of Hamilton B-Line Light Rapid Transit - Draft Environmental Project Report, Appendix

B.1 Natural Heritage Features, Prepared by SNC Lavalin (2010);

e Cootes Paradise Heritage Lands Management Plan, Inventory, Issues and Opportunities,
May 2018;

¢ Hamilton Conservation Authority Chedoke Creek Subwatershed Stewardship Action Plan
(2008);

e Chedoke Creek Watershed Fact Sheet (2018);

e Cootes Paradise Nature Sanctuary Lower Chedoke Creek Area Water Quality & Fisheries
(RBG, 2001);

e Project Paradise (2017)

e Observations through field evaluations by SLR biologists during the September 30, 2019
field program.

In addition, the study area is near Cootes Paradise a Nationally Important Reptile and Amphibian
Area (IMPARA) and known Nationally Important Bird Area (IBA) for migratory waterfowl staging
and feeding®.

SLR used the above information to compile a list of aquatic dependent wildlife ROCs relevant to
the project study area (e.g., potentially exposed to sediment and surface water COPCs). These
include birds, amphibians and mammals that potentially use the site during all or part of the year.
Aquatic dependent groups and representative species are provided in Appendix C.

5.2.3 Species of Concern
Species that are listed either provincially under the Endangered Species Act, 2007 (Ontario

Regulation 230/08) or federally by the Committee on the Status of Endangered Wildlife In Canada
(COSEWIC) under the Species at Risk Act (s.c. 2002 ¢.29)" as special concern, threatened, or

6 Cootes Paradise has the highest biodiversity of plants per hectare in Canada and the highest biodiversity
of plants in the Hamilton and Halton regions with 877 species (https://www.hamilton.ca/city-initiatives/our-
harbour/cootes-paradise-marsh).
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endangered collectively for the purpose of this assessment are referred to as Species at Risk. As
per the Procedures for the Use of Risk Assessment under Part XV.1 of the Environmental
Protection Act (MECP 2017) threatened and endangered species were considered for inclusion
as valued ecosystem components [VECs].

Species at risk (SAR) were included as receptors of concern to be evaluated in the ERA if they
were confirmed to be present within the study area or may occur based on habitat affinities. There
are approximately 35 identified SAR species within the Cootes Paradise area, including several
locally rare birds within the Hamilton Region. Not all these species are relevant, “aquatic
dependent species”. For this reason, the species list was refined to include those with a “riverine”
habitat type — for example waterfowl, herons, gulls, terns, and sandpipers.

No SAR were observed during the 2019 sampling program conducted by SLR&.
The SAR review identified one mussel, one reptile and three birds listed as either threatened or
endangered in the area of Chedoke Creek. A summary of each SAR and its potential presence

within the study area is included in Table 5-3, below.

Table 5-3: Summary of Species at Risk

. Provincial . . Potentially Present in
Species Designation General Habitat Affinities Study Area?
Variety of habitats, from small to large rivers to wetlands Yes — Recorded in
Lilliput and the shallows of lakes, ponds and reservoirs. It Cootes Paradise,
(Toxolasma Threatened prefers to burrow in soft substrates (river and lake Chedoke Bay Hendrie
parvum) bottoms) made of mud, sand, silt or fine gravel Valley (RBG, 2019)
(COSEWIC, 2013) DFO SAR Mapping, 2019
Blanding’s Turtle Threatened Primarily aquatic species; prefers shallow water rich in Yes — Recorded in
(Em goi dea *General nutrients, organic soil and rich vegetation. Requires Cootes Paradise,
bIar)ll dingii) Habitat Defined terrestrial basking and nesting sites and can nest in dry Chedoke Bay Hendrie
g conifer forests up to 410 m from a body of water. Valley (RBG, 2019)
Ameggﬁga\rl]vmte The White Pelican is a habitat generalist. Breeding ?:ogesica?rf;g;n
Threatened occur on islands and shallow wetlands and rely on diet L
(Pelecanus of mainly eat fish and occasionally crustaceans Chedoke Bay Hendrie
erythrorhynchos) y y Valley (RBG, 2019)
Golden Eagles breeding habitats typically include
Northern Ontario but will migrate, overwinter and have Yes — Recorded in
Golden Eagle Endanaered been recently documented nesting in parts of Southern Cootes Paradise,
(Aquila chrysaetos) 9 Ontario. They use variety of habitat throughout their Chedoke Bay Hendrie
range and are often observed foraging in managed Valley (RBG, 2019)
wetlands and reservoirs for fish, reptiles and birds.
Red Knot rufa Only occurs in Onta_no dgrllng migration, where the Red Yes — Recorded in
. Knot rufa subspecies utilizes open and exposed mud i
subspecies E . . o Cootes Paradise,
I ndangered flats, beach shoreline for staging where their primary ,
(Calidris canutus : : Chedoke Bay Hendrie
diet consists of mollusks and crustaceans, other
rufa) . Valley (RBG, 2019)
invertebrates.

8 SLR recognizes work was conducted in late September early October. Work was not to complete targeted
flora or fauna inventories, observations are incidental.
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Blanding’s Turtle was identified as potentially occurring within the study area due to confirmed
presence within Cootes Paradise and marsh habitats of Hendrie Valley. Chedoke Creek lacks the
typical wetland marsh communities preferred by this species. Therefore, occurrences are
expected to be limited to vagrant individuals. Blanding’s Turtle is unlikely to spend significant time
within the study area.

Two endangered bird species were identified as potentially present within the study area (Golden
Eagle and Red Knot Rufa Subspecies). The Golden Eagle prefers to forage in the larger open
water habitats of Cootes Paradise and would be unlikely to spend significant time within the study
area. Red Knot may utilize exposed shallow flats during low flow; however, the fluctuating water
levels of Chedoke Creek are considered a limiting factor. The marsh communities and open areas
of Cootes Paradise would be preferred. Occurrences are expected to be limited to vagrant
individuals.

The Lilliput mussel was identified as potentially present within the study area. Based on the recent
sightings of this invertebrate at the outlet of Chedoke Creek (Morris et al., 2015) and the lack of
survey sites within Chedoke itself, this SAR species has been retained for further assessment.

In addition, several SAR fish and birds occur in the broader area, but no suitable habitat is found
in the study site (e.g. extensive marshlands are not present). Other species have not been
observed in the study area for more than 40 years and are considered historical (e.g. Lake
Sturgeon, American Eel, Least Bittern, King Rail). These species were not retained as SAR
species in this ERA.

5.2.4 Summary of Potential Ecological Receptors

Receptor refinement is conducted as it is not practical or necessary to characterize risks for all
species belonging to the general receptor groups described above. Risk assessments must limit
their focus to a smaller list of specific organisms, or receptors of concern, that might be present
in the study area and come into contact with the COPCs. An ROC is an individual species chosen
to serve as a surrogate for other species occupying a similar position in the food web; thus, results
of the risk characterization for the surrogate receptor can be used to make inferences about risk
to other species occupying a similar level in the food web. Surrogate ecological receptors were
selected according to the following main criteria (CCME 1997; Environment Canada 2012):

o Species likely to be most exposed to contaminants;

e Species indigenous to the area;

o Species representative of the foraging guild or serve as a food item for higher trophic level
species;

e Species recognized by the federal or territorial government as threatened, endangered, or
of special concern;

e Species recognized as good indicators or surrogate species (i.e., representative of other
similar organisms of a general type and feeding niche);

e Sedentary species or species with a small home range; and

e Species of aesthetic value or recreational value to the local human population.

The receptor groups and surrogate ecological ROCs selected for the problem formulation are
provided in Table 5-4. Only the receptor group and/or surrogate receptors for which complete,
and potentially significant exposure pathways were identified were carried forward in the risk
assessment (Section 5.6).
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Table 5-4:

Ecological Receptor Selection

Receptor
Group

Type

Surrogate
Receptor

Primary Diet

Rationale for Selection or
Exclusion of Receptor Group
and/or Surrogate Receptor

Aquatic
Plants

Submergent and

Emergent

Community
Level

Included - Directly exposed to
sediment and/or surface water
COPCs; important habitat item for
fish, food items for herbivorous birds
and mammals.

Aquatic
Invertebrates

Benthic

Community
and individual
level (lilliput)

Included — Benthic invertebrates are
directly exposed to sediment and/or
surface water COPCs. Aquatic
invertebrates are an important food
item for fish, invertivorous birds and
mammals. SAR (lilliput) may be
present in the study area.

Fish

Herbivorous

None
Selected.

Aquatic Plants

Not included — No herbivorous fish
identified.

Benthivorous,
Carnivorous, &
Omnivorous

White Sucker

Benthic forager; insect larvae,
aquatic vegetation / macrophytes
(invertivore/ detritivore)

Included — Exposed to surface
water and/or sediment COPCs; eats
mainly benthic macroinvertebrates
with some vegetation. Consumed by
larger fish, piscivorous birds, or
wildlife. Widely distributed and
common in both Chedoke Creek and
Cootes Paradise. Open substratum
and Litho-pelagophils spawners.

Piscivorous

Northern Pike

Carnivore

Included — Exposed to surface
water and/or sediment COPCs;
consume smaller fish and are
especially vulnerable to
bioaccumulative COPCs. Fish in this
group may be consumed by wildlife
or piscivorous birds. Open
substratum and phytophils
spawners. Targeted by recreational
and sustenance fishing. Known to
occur in Cootes Paradise with
unimpeded movement to habitats of
Chedoke Creek which are suitable
foraging, spawning and rearing of
habitats young.

Amphibians

Herpetofauna

Leopard Frog

Terrestrial and aquatic invertebrates,
including snails, small crayfish and a
variety of insects

Included - Exposed to surface
water and/or sediment COPCs;
consume aquatic invertebrates. May
hibernate in sediment of Chedoke
Creek
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Rationale for Selection or
Primary Diet Exclusion of Receptor Group
and/or Surrogate Receptor

Receptor
Group

Surrogate

12 Receptor

Included — Exposed to surface
Fish and amphibians water and/or sediment COPCs;
consume smaller fish, amphibians.

Herpetofauna Northern
Snakes Watersnake

Reptiles Included — Exposed to surface

water and/or and sediment COPCs;
consume smaller fish, amphibians.

Herpetofauna Snapping | Omnivorous aquatic invertebrates and
Turtles Turtle macrophytes

Included - Exposed to surface
water and/or sediment COPCs;
Mallard Aquatic macrophytes consume leaves, seeds, roots of
many types of pond weeds, aquatic
vegetation, tubers and rhizomes.

Herbivorous
Dabbling Ducks

Included - Exposed to surface
water and/or sediment COPCs;
Omnivorous American | Omnivorous aquatic invertebrates and | consume aquatic macrophytes (e.g.
Dabbling Ducks | Black Duck plants smartweeds, pondweeds, algae and
duckweeds) as well as aquatic

Birds .
insects, mollusks and crustaceans.

Included - Exposed to surface

Great , water and/or sediment COPCs;

. Small fish crustaceans, mollusks, N

Carnivorous Blue L consume mostly fish, invertebrates,
aquatic insects, leeches, and frogs

Heron mollusks, crustaceans and

amphibians.

Included — Exposed to surface
water COPCs only; consume larger
fish. SAR (Golden eagle and White

Pelican) identified in the area.

Osprey

Piscivorous Large fish

Included — Exposed to surface
water and/or sediment COPCs;
consume aquatic macrophytes (e.g.
tubers)

Herbivorous Muskrat Tubers, leaves, aquatic macrophytes
Mammals

Carnivorous/

. None NA Not Included - none identified.
Omnivorous

5.3 Data Considered in the ERA

This section describes the datasets used in the ERA. The datasets represent current conditions
in the study area (i.e., after the Main/King CSO discharge). All sample locations are illustrated in
Drawing 2.

5.3.1 Sediment Chemistry Dataset

All sediment data collected in the study area by Wood in 2018 and by SLR in October 2019 were
used to select sediment COPCs.

Two depth-specific sediment datasets were compiled for assessing exposure of aquatic receptors
to COPCs: a shallow sediment dataset (collected entirely within the top 15 cm of sediment), and
a deeper sediment dataset (collected at depths greater than 15 cm). The shallow dataset will be
the focus of this ERA following MECP guidance (MOE 2008) specifying that surficial sediments
(to about 10 cm depth) are where most sediment-dwelling organisms live and should therefore be
the initial focus of the sediment assessment. The MOE (2008) guidance adds that deeper
sediments should also be considered in the assessment as they may be relevant for evaluating
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potential future risks to aquatic receptors (i.e., risks that could exist in the future if subsurface
sediments become exposed). Impacts to deeper sediment (15 cm+) are discussed in the
uncertainty section (Section 9.0).

As indicated in Section 4.0, a suitable sediment reference location could not be sampled by SLR
in 2019. Similarly, a reference location was not provided in Wood (2019).

The ERA sediment datasets used for COPC screening are presented in Appendix D.

The sediment samples obtained by RBG in 2013 and 2006 were used to evaluate trends in
sediment quality (Section 6.1). Historical sediment samples were not used to select COPCs.

5.3.2 Surface Water Chemistry Dataset

The surface water samples (7 samples plus one duplicate) obtained by SLR from Chedoke Creek
during the week of September 30, 2019 were included in the surface water dataset.

Historical water quality data collected pre- and post- discharge was reviewed by SLR; however,
only data representing current water quality conditions was included in the surface water dataset
for the assessment of current risks to aquatic life.

In addition, SLR obtained two surface water samples from Red Hill Creek to gather information
from an urban creek located in a similar watershed. Historical water quality data provided by the
City from Red Hill Creek since August 2018 was also included to compile a “reference” dataset
for surface water quality.

5.3.3 Porewater Chemistry Dataset

Porewater extracted from the sediment samples collected in 2019 was analysed for hydrogen
sulphide and biochemical oxygen demand (BOD) to support the interpretation of toxicity tests and
effects.

5.3.4 Sediment Toxicity Dataset

Six sediment samples were obtained from the study area and submitted to BV for toxicity testing.
The following freshwater sediment toxicity tests were conducted on the samples:

e 10-day survival and growth test with the freshwater midge, Chironomus dilutus
e 14-day survival and growth test with the freshwater amphipod, Hyalella Azteca

The BV report is provided in Appendix E.
5.3.5 Benthic Invertebrate Community Structure Dataset

Sediment samples for BICS analysis were collected at seven locations by Wood in 2018, and at
eight location by SLR in 2019. Additionally, a BICS sample was taken immediately downstream
from the study area in Chedoke Bay and one sample was collected from Red Hill Creek. The
locations of the 2019 BICS samples are illustrated on Drawing 3 and the 2019 statistical analyses
report by Entomogen is provided in Appendix E. Details on the BICS samples collected by Wood
are available in Wood (2019).
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5.3.6 Dataset Use

The surface water and sediment datasets were used to identify COPCs for the protection of
aquatic life (e.g., aquatic plants, invertebrates and fish as well as amphibians) and aquatic-
dependent wildlife consuming food items obtained from the study area. This was achieved
through a bioaccumulation assessment as described in Section 5.4.3.

Surface water was also screened for the protection of wildlife consuming water as drinking water.
5.4 Contaminants of Potential Concern

COPCs are substances that occur at elevated concentrations in environmental media, typically
because of anthropogenic activity. More specifically, COPCs are the chemicals that occur at
concentrations high enough to potentially cause adverse effects to receptors. Substances
deemed COPCs are further evaluated in the risk assessment process, whereas contaminants
with a low probability of posing risks to receptors are not identified as COPCs and are not
evaluated further Typical components of sewage discharge include nutrients and bacteria, with
relatively small amounts of metals and polycyclic aromatic hydrocarbons (PAHs). However,
because this is a CSO, metals and PAHs were also analyzed because these are components of
CSO discharge.

5.4.1 COPC Screening Method

COPCs were selected by comparing maximum concentrations to screening benchmarks from the
sources listed in Section 2.0. Media-specific screening methodologies are described in the
sections below.

54.1.1 Sediment

For sediment, a parameter was retained as a COPC if the maximum concentration exceeded the
applicable guideline, standard or background concentration described in Section 2.1. Where SQG
or sediment background values were not available for a parameter, the MECP Table 1
Background Standards for Soil (MOE 2011a) were used as screening benchmarks. If no guideline
was available for a parameter, it was retained as an uncertain COPC.

5.4.1.2 Surface water

Aquatic Life

For screening of surface water for aquatic life, a two-stage screening process was implemented.
A parameter was identified as a preliminary COPC if the maximum concentration exceeded the
PWQO or CCME WQG (where the PWQO was unavailable). To ensure the risk assessment
focuses on evaluating the COPCs that represent potential risk drivers, a COPC refinement
process was implemented for surface water preliminary COPCs. The COPC refinement process
was intended to support the development of a list of final COPCs for evaluation in the risk
assessment and consisted of comparing the maximum concentration to the MECP APVs.

The PWQOs are “numerical and narrative ambient surface water quality criteria that represent a
desirable level of water quality that the Ministry strives to maintain in the surface waters of the
Province” (MOE 2011b). Chedoke Creek is an urban watercourse which collects a combination
of storm water runoff and discharges from the City’s combined sewer overflow tanks during large
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storm events. It is also located adjacent to other potential sources of impacts such as a major
highway (highway 403) and a former landfill (City of Hamilton Website, 2019). According to the
City of Hamilton, warning signs advising against recreational use of the creek (including
swimming, wading, paddling, fishing) due to historically degraded water quality pre-date the
Main/King CSO discharge, indicating that degraded conditions have been present historically
within the creek. Based on these observations, the APVs were selected for final screening of
water quality COPCs as more appropriate values representative of an urban watercourse
environment. APVs were developed by the MECP to support the derivation of the Site Condition
Standards (MOE 2011a) for contaminated sites. MOE 2011b indicates that while PWQOs are
conservative values that are protective of all forms of aquatic life and aspects of the aquatic life
cycle during indefinite exposure to the water, the APVs are “designed to provide a scientifically
defensible and reasonably conservative level of protection for most aquatic organisms”.

Based on the urban environment of the stream, the APVs were considered appropriate for final
screening of surface water COPCs where available. Where neither an APV or PWQO was
available for a specific parameter, water quality guidelines from other jurisdictions were reviewed
and selected for final screening as listed in Section 2.2. Guidelines from other jurisdictions were
selected if methods and protection goals aligned with MECP approaches. If no guideline was
available for a parameter, it was retained as an uncertain COPC.

Wildlife

For screening of wildlife consuming surface water as drinking water, a parameter was retained as
a COPC if the maximum concentration exceeded the applicable guideline or standard described
in Section 2.2. Since no provincial water quality guidelines are available for this exposure
pathway, the CCME WQG for protection of livestock was selected as the primary screening
benchmark. Where a CCME guideline was unavailable, values protecting wildlife and livestock
from other jurisdictions were selected (as listed in Section 2.2). If no wildlife or livestock-specific
values were available, the MECP GW1 values protective of consumption of water as drinking
water (MOE 2011b) were applied conservatively as screening values.

If no guideline was available for a parameter, it was retained as an uncertain COPC.

5.4.2 COPC Screening Results

The final COPC screening results are presented in the sections below. Tables 1 to 3, after the
text, provide details on the parameters screened for sediment and surface water datasets,
including the number of samples, the number of detectable concentrations, the maximum
concentrations and the second highest concentrations. Applicable screening benchmarks along
with the rationale for retaining or dismissing parameters as COPCs are also presented.

5.4.2.1 Final Sediment COPCs

The final COPC screening results for sediment are presented in the table below.
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Table 5-5: Sediment COPC Summary
COPC Group Sediment (0-0.15)
Metals Arsenic, cadmium, chromium, copper, lead, manganese, mercury and zinc

Acenaphthylene, acenaphthene, anthracene, benz(a)anthracene,
benzo(g,h,i)perylene, benzo(k)fluoranthene, benzo(a)pyrene, chrysene,

PAHS dibenz(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene,
2- methylnaphthalene, naphthalene, phenanthrene, pyrene and total PAHs
Nutrients Total Kjeldahl nitrogen (TKN) and total phosphorus

5.4.2.2 Final Surface Water COPCs
Preliminary and final surface water COPCs are summarized in the table below.

Table 5-6: Surface Water COPC Summary

Receptor Group COPC Group Preliminary COPCs Final COPCs
Metals Aluminum, boron, iron (total), zinc | Aluminum and iron (total)
Aquatic Life PAHs None None
Nutrients Nitrite (As N) and total Nitrite (As N) and total
phosphorus phosphorus
Metals *
PAHs -
Wildlife : None
Nutrients -
Bacteria -

*Preliminary screening not completed for wildlife screening (see Section 5.4.1.2).

Total boron exceeded the PWQO (200 ug/L) at one location (206; C4-West). Dissolved boron
exceeded the PWQO at three locations (maximum concentration: 211 ug/L; C3-Centre, C3-West
and C4-West). The PWQO for boron is an interim objective set for emergency purposes based
on the best information readily available and was not subject to peer review and formal publication
(MOE 1994). All total and dissolved boron concentrations are less than the CCME long-term
WQG for the protection of aquatic life of 1500 ug/L®. Boron was therefore not retained as a final
COPC in surface water.

5.4.2.3 Uncertain Sediment and Surface Water COPCs

Uncertain COPCs are summarized in Table 5-7 and discussed in the Uncertainty Analysis
(Section 9.1.2.2).

% The CCME WQG for boron was developed in 2009 following CCME protocol (CCME 2009).
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Table 5-7: Uncertain COPC Summary

Surface Water
COPC Group Sediment (0-0.15)
Aquatic Life Wildlife

Metals Aluminum, antimony, silver None Iron (fotal),
manganese

PAHs 1-methylnaphthalene 1° None None

Ammonia and ammonium (as N) Kjeldahl nitrogen total Kjeldahl nitrogen total
Nutrients'! ammonia as N silicon silicon
nitrogen (total)
Bacteria E. coli; fecal coliform E. coli

5.4.2.4 Innocuous Substances

COPC screening benchmarks or regional background concentrations were not available for
bismuth, calcium, lithium, magnesium, potassium, strontium, tungsten and zirconium. Although
commonly included in routine chemical analysis, government agencies such as the MECP do not
develop regulatory criteria for these naturally occurring innocuous parameters (HC 2010c). As
many of these parameters are considered essential nutrients and/or occur naturally in southern
Ontario, they were not identified as uncertain COPCs.

5.4.3 Bioaccumulation Screening

In addition to identifying COPCs that are present above relevant sediment screening benchmarks
for ecological life, MOE 2008 recommends “identifying substances that could biomagnify and
affect the health of biological communities at higher trophic levels”. Since available SQGs do not
evaluate biomagnification, initial (conservative) decisions regarding biomagnification potential are
based on the presence or absence of quantifiable amounts of substances that may biomagnify
(MOE 2008).

Biomagnifying substances were identified by reviewing substances listed in MOE 2008, as well
as those listed in the United Nations Environmental Programme (UNEP) Stockholm Convention
on Persistent Organic Pollutants (POPs). In addition, substances that bioaccumulative in
sediment and water were also identified conservatively through review of the following
documents:

(UNEP) Stockholm Convention on Persistent Organic Pollutants (POPs);

e Texas Commission on Environmental Quality (TCEQ). 2018. Conducting Ecological Risk
Assessments at Remediation Sites in Texas. Draft August 2018; and

o Contaminated Sites Approved Professionals Society (CSAP). 2015. Bioaccumulation
Research Project.

9 No guidelines were available for benzo(b)fluoranthene and benzo(b+j)fluoranthene; however these were
included in the calculation for total PAHs and therefore were not identified as uncertain COPCs.

" No guidelines were available for organic phosphorus or orthophosphate (POs-P) however these
parameters were assessed as total Phosphorus and therefore were not identified as uncertain COPCs
(CCME 2016).
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A summary of bioaccumulating and biomagnifying COPCs in the aquatic environment based on
the review of the above-noted documents is presented in the table below. PAH parameters in
sediment were not included in the summary table and are discussed further in the following
section.

Table 5-8: Bioaccumulation Potential of Preliminary COPCs

Bioaccumulative Media

Preliminary COPC . Surface Bioaccumulation Potential Biomagnifying?
Sediment
Water
Aluminum - - Not considered bioaccumulative Not biomagnifying
. Bioaccumulative . o

Arsenic X - (sediment) Not biomagnifying
Boron - - Not considered bioaccumulative Not biomagnifying
Cadmium X - Bioaccumulative Not biomagnifying

(sediment)

. Not considered bioaccumulative . o
Chromium (llI+V1) - - (sediment or water) Not biomagnifying

Bioaccumulative . .
Copper X - (sediment) Not biomagnifying

Iron (total) - - Not considered bioaccumulative Not biomagnifying

Lead _ i Not considered bioaccumulative Not biomaanifvin
(sediment or water) gnitying

Manganese - - Not considered bioaccumulative Not biomagnifying
Mercu X X Bioaccumulative (sediment Yes; as methylmercury

vy and water) (CCME 2000)

, Bioaccumulative . o
Zinc X - (sediment) Not biomagnifying

Nutrients (Ammonia, Nitrite (As i ) Not considered Not biomaanifvin
N), phosphorus TKN) bioaccumulative 12 gnilying

Bacteria (Fecal Coliform, E.coli) NA NA NA NA

NA - not applicable to COPC group

As indicated above, arsenic, cadmium, copper, mercury and zinc are potentially bioaccumulative
sediment parameters, however arsenic and mercury were not retained as bioaccumulative
COPCs in this ERA based on the following:

e Based on a review of arsenic distribution in the study area, the bioaccumulation potential
of arsenic is considered low. Arsenic was only measured above the PSQG LEL

12 Nutrients such as nitrate and ammonia are naturally occurring compounds and key intermediates in the
nitrogen cycle. It is continually recycled in the environment; therefore, bioaccumulation does not occur
(ATSDR, 2004).
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(0.4 mg/kg) at one sediment sample location (12 mg/kg at C-5 East) and was below the
PWQO at all sample locations in surface water.

e Mercury was not retained as a potentially bioaccumulating and biomagnifying COPC for
this ERA. Based on a review of mercury distribution in the study area, the bioaccumulating
and biomagnifying potentials of mercury is considered to me low. Mercury was only
measured above the PSQG LEL (0.2 mg/kg) at one sediment sample location (0.255
mg/kg at C-3 West) and was not detected in surface water.

5.4.3.1 Bioaccumulation and Biomagnification of PAHs

PAHs were also identified as COPCs but were not included in the bioaccumulation table above.
PAHs may bioconcentrate in aquatic organisms and animals; however extensive metabolism of
these compounds by high-trophic level consumers has been demonstrated, and food chain
uptake does not appear to be a major source of exposure to PAHs for aquatic animals (Agency
for Toxic Substances and Disease Registry - ATSDR, 1995).

A study by Bleeker and Verbruggen (2009) re-evaluated bioaccumulation in aquatic organisms
and indicated that bioaccumulation of PAHs in aquatic organisms varies between low molecular
weight (LMW) PAHs (e.g., acenaphthylene, acenaphthene, anthracene, fluorene,
2—methylnaphthalene, naphthalene and phenanthrene) and high molecular weight (HMW) PAHs
(e.g., benz[a]lanthracene, benzo[a]lpyrene, chrysene, fluoranthene and pyrene). Phenanthrene
and fluoranthene were not considered to be bioaccumulative in fish. HMW PAHs (four rings or
more) were all found to potentially bioaccumulate in organisms lower in the food chain, but not in
fish. LMW PAHSs (2-3 rings) were noted to generally not bioaccumulate in fish or invertebrates. It
has also been established that most vertebrates readily metabolize and excrete PAHs (Hylland,
2006). Tissue concentrations of PAHs do not increase (biomagnify) from the lowest to highest
levels of food chains (Hylland, 2006). Therefore, direct effects of PAHs on invertebrates will be
evaluated as part of this ERA but PAHs were not carried forward as bioaccumulating or
biomagnifying COPCs for higher trophic levels.

5.5 Exposure Pathway Identification

Exposure pathways describe the movement of contaminants from sources such as sediment, to
potential ecological receptors identified in Section 5.2. An exposure pathway is typically defined
by the following four components:

a source and mechanism of constituent release to the environment

e an environmental medium (e.g., sediment) for the released constituent(s)
potential contact (exposure point) between a receptor and the affected environmental
medium

e an exposure pathway (e.g., ingestion, dermal contact) at the exposure point.

The potential exposure pathways and the identified groups of ecological receptors of concern
potentially exposed include:

uptake of COPCs in sediment by aquatic plants

direct contact with COPCs in sediment by benthic invertebrates

direct contact with COPCs in sediment by benthic fish

direct contact/dermal uptake of sediment and surface water COPCs by amphibians
uptake of COPCs in surface water by aquatic plants

direct contact with COPCs in surface water by aquatic invertebrates (e.g., zooplankton)
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direct contact with COPCs in surface water through skin or gills of fish

ingestion of COPCs in sediment and prey items by benthic invertebrates

ingestion of COPCs in food items and incidental ingestion of sediment by fish

direct contact with, and incidental ingestion, of COPCs in sediment during feeding by
aquatic-dependent wildlife

ingestion of COPCs in surface water as drinking water for wildlife

e ingestion of bioaccumulating and/or biomagnifying COPCs in aquatic biota by aquatic
dependent wildlife.

As per risk assessment guidance, only complete and potentially significant exposure pathways
are carried forward for quantitative evaluation. Complete exposure pathways require a receptor
to contact an environmental medium where COPCs have been identified. Complete exposure
pathways have varying levels of importance; consequently, the pathways that reflect the highest
exposure of a ROC to a specific COPC or group of COPCs are generally identified.

The significance of the exposure pathways listed above have been evaluated based on
professional judgement, and have been categorized as follows:

e Exposure pathway is complete and potentially significant. Quantitative assessment of risk
is recommended;

e Exposure pathway is complete but insignificant (no COPCs or limited exposure).
Quantitative assessment of risk is not recommended; and

e Exposure pathway is incomplete. Quantitative assessment of risk is not recommended.

The following sections identify complete and potentially significant exposure pathways warranting
further evaluation through quantitative ERA, as well as those exposure pathways that are
incomplete or insignificant and are not considered to pose unacceptable risk.

5.5.1 Exposure to Sediment

Metals, PAHs and nutrients have been retained as the final groups of COPCs for the protection
of aquatic life (benthic invertebrates, aquatic plants and fish). Complete and potentially significant
exposure pathways for benthic invertebrates include direct contact with contaminated sediments,
and ingestion of contaminated sediment (e.g., polychaetes that process sediment to obtain food).
Direct contact with sediment and ingestion of sediment were also considered to be complete and
potentially significant exposure pathways for fish. The uptake of COPCs through the root system
was also considered to be a complete exposure pathway for some aquatic plants.

Direct contact with sediment is considered a complete and potentially significant exposure
pathway for amphibians as some species may hibernate in the study area. Snakes and turtles
may be directly exposed to COPCs in sediment via dermal contact and absorption through the
skin as well as uptake through the food chain. Although these reptiles (including SAR) were
identified as ROCs, based on their habitat affinities and availability of food in Cootes Paradise,
turtles and snakes) are likely to use the more suitable habitat in Cootes Paradise, and are
therefore unlikely to spend a significant amount of time within the study area.

Aquatic-dependent wildlife species (i.e., mammals and birds) may be directly exposed to COPCs
in sediment via dermal contact. This exposure pathway was considered to be complete, but not
a source of significant exposure as the integument of mammals and birds acts as a barrier to
chemical exchange (BC MOE non-dated). Mammals and birds may also be exposed via uptake
through the food chain, however based on the availability of food in Cootes Paradise, the home
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range size of species identified, the size of the site and quality of habitat compared to Cootes
Paradise, and the urban setting of the study area, birds (including SAR) and mammals are not
expected to be present for significant periods of time in Chedoke Creek compared to Cootes
Paradise. Exposure via food chain uptake was not identified as a significant exposure pathway.

5.5.2 Exposure to Surface Water

Aquatic plants, aquatic invertebrates, fish and the larval stage of amphibians can be directly
exposed to surface water COPCs (e.g., uptake of contaminants through the roots, gills and/or
through the skin). Aluminum, iron, nitrite, TP and E. coli were retained as final COPCs in surface
water for the protection of aquatic life; therefore, complete and potentially significant exposure
pathways were identified for aquatic plants, aquatic invertebrates, fish and amphibians.

Reptiles such as turtles and snakes may be directly exposed to COPCs in surface water via
dermal contact. Although these receptor groups (including SAR) were identified as ROCs, based
on their habitat affinities and availability of food in Cootes Paradise, turtles and reptiles are unlikely
to spend a significant amount of time within the study area.

Mammal and bird receptors can potentially use surface water within the study area as a source
of drinking water. No substances were retained as final COPCs in surface water for the protection
of wildlife; however, select metals, nutrients and bacterial parameters were identified as uncertain
COPCs. Although direct ingestion of surface water is recognized as a pathway of exposure,
protection for aquatic organisms living directly within the surface waters should provide a higher
level of protection than is required for organisms merely drinking the water (MOE 2011b).
Therefore, since no final COPCs were identified, the ingestion of surface water as drinking water
by wildlife was not further assessed. Exposure to uncertain COPCs are discussed in Section 9.0.

The ingestion of contaminated food items and the incidental ingestion of contaminated sediment
was identified as a complete but insignificant exposure pathway for aquatic-dependent wildlife
based on the distribution of the COPCs and on the foraging ranges of the aquatic dependent
wildlife ROCs. As per MOE (2008) the biomagnifying potential of the COPCs was qualitatively
evaluated. Mercury was the only COPC identified as a biomagnifying COPC. As indicated in
Section 5.3.3, mercury exceeded the SQG LEL in one sediment sample only, and was not
detected in surface water.

5.6 Conceptual Site Model

CSMs combine information on COPCs, ROCs, and exposure pathways to provide an overall
picture of site related exposures. The CSM for ecological receptors is presented in Drawing 4.
Complete exposure pathways carried forward in the risk assessment were shaded green on the
CSM drawing. Some exposure pathways were considered potentially complete but were
associated with a low likelihood of significant exposure (i.e., exposure would be very infrequent
or the dose from exposure would be very low). These pathways were shaded yellow on the CSM
drawing. Incomplete pathways are those through which exposure does not occur and were not
shaded in the CSM drawing. Only complete and significant exposure pathways were evaluated
further in the ERA.

In addition to the flow-chart CSM, a summary of the complete and potentially significant exposure
pathways to be quantified in the risk assessment is provided in Table 5-9, below. This summary
is based on the environmental media investigated in the Study Area and the COPCs identified as
final COPCs.
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Table 5-9:

Summary of Potential Exposure Pathways

Environmental
Medium

Receptors of
Concern

Exposure
Pathway

Final COPCs

Further Qualitative or
Quantitative Assessment of Risk
in the ERA?

Sediment

Aquatic plants

Uptake

Sediment

Benthic
Invertebrates

Direct
contact

Arsenic, cadmium, chromium, copper, lead,
manganese, mercury, zinc
Acenaphthylene, acenaphthene, anthracene,
benz(a)anthracene, benzo(g,h,i)perylene
benzo(k)fluoranthene, benzo(a)pyrene, chrysene,
dibenz(a,h)anthracene, fluoranthene, fluorene,
indeno(1,2,3-cd)pyrene,

2- methylnaphthalene, naphthalene,
phenanthrene, pyrene, total PAHs, TKN,
phosphorus

Yes, complete and potentially
significant exposure pathway

Yes, complete and potentially
significant exposure pathway

Sediment

Fish

Direct
contact

Arsenic, cadmium, chromium, copper, lead,
manganese, mercury, zinc
Acenaphthylene, acenaphthene, anthracene,
benz(a)anthracene, benzo(g,h,i)perylene
benzo(k)fluoranthene, benzo(a)pyrene, chrysene,
dibenz(a,h)anthracene, fluoranthene, fluorene,
indeno(1,2,3-cd)pyrene,

2- methylnaphthalene, naphthalene,
phenanthrene, pyrene, total PAHs, TKN,
phosphorus

Yes, complete and potentially
significant exposure pathway

Sediment

Amphibians
(frog)

Direct
Contact

benzo(k)fluoranthene, benzo(a)pyrene, chrysene,
dibenz(a,h)anthracene, fluoranthene, fluorene,
indeno(1,2,3-cd)pyrene,
2- methylnaphthalene, naphthalene,
phenanthrene, pyrene, total PAHs, TKN,
phosphorus

Yes, complete and potentially
significant exposure pathway

Sediment

Reptile (turtles
& snakes)

Direct
contact

Arsenic, cadmium, chromium, copper, lead,
manganese, mercury, zinc
Acenaphthylene, acenaphthene, anthracene,
benz(a)anthracene, benzo(g,h,i)perylene
benzo(k)fluoranthene, benzo(a)pyrene, chrysene,
dibenz(a,h)anthracene, fluoranthene, fluorene,
indeno(1,2,3-cd)pyrene,

2- methylnaphthalene, naphthalene,
phenanthrene, pyrene, total PAHs, TKN,
phosphorus

No, complete but insignificant
exposure pathway

Sediment

Wildlife
(birds and
mammals)

Direct
Contact

Arsenic, cadmium, chromium, copper, lead,
manganese, mercury, zinc
Acenaphthylene, acenaphthene, anthracene,
benz(a)anthracene, benzo(g,h,i)perylene
benzo(k)fluoranthene, benzo(a)pyrene, chrysene,
dibenz(a,h)anthracene, fluoranthene, fluorene,
indeno(1,2,3-cd)pyrene,

2- methylnaphthalene, naphthalene,
phenanthrene, pyrene, total PAHs, TKN,
phosphorus

No, complete but insignificant
exposure pathway
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Further Qualitative or
Final COPCs Quantitative Assessment of Risk
in the ERA?

Environmental | Receptors of | Exposure
Medium Concern Pathway

Arsenic, cadmium, chromium, copper, lead,
manganese, mercury, zinc
Acenaphthylene, acenaphthene, anthracene,
benz(a)anthracene, benzo(g,h,i)perylene
benzo(k)fluoranthene, benzo(a)pyrene, chrysene,
dibenz(a,h)anthracene, fluoranthene, fluorene,
indeno(1,2,3-cd)pyrene,

2- methylnaphthalene, naphthalene,
phenanthrene, pyrene, total PAHs

Amphibians Direct
(frog) Contact

Yes, complete and potentially
significant exposure pathway

Yes, complete and potentially

Surface Water | Aquatic Plants | Uptake S
significant exposure pathway

Surface Water 7 Direct | Aluminum, iron (total), nitrite (as N), phosphorus, Yes, complete and potentially
ooplankton . S
contact e.coli. significant exposure pathway
Surface Water Benthic Direct Yes, complete and potentially
Invertebrates | contact significant exposure pathway
Surface Water Fish Direct | Aluminum, iron (total), nitrite (as N), phosphorus, Yes, complete and potentially
contact e.coli. significant exposure pathway
Surface Water | Reptile (turtles | Direct | Aluminum, iron (total), nitrite (as N), phosphorus, No, complete but insignificant
& snakes) Contact e.coli. exposure pathway
Surface Water |  Amphibians Direct | Aluminum, iron (total), nitrite (as N), phosphorus, Yes, complete and potentially
(frog) Contact e.coli. significant exposure pathway
Surface Water Wildlife Direct
(birds and Contact, None No, no COPCs

mammals) ingestion

No, complete but insignificant

Food Iltems Fish Ingestion Cadmium, copper, and zinc *
exposure pathway
Food ltems Amphibians | Ingestion Cadmium, copper, and zinc e
exposure pathway
Food Items Reptile (turtles Ingestion Cadmium, copper, and zinc No, complete but insignificant
& snakes) exposure pathway
Food Iltems Wildlife Ingestion Cadmium, copper, and zinc I, EOEDE DU TR EE

exposure pathway

*Based on bioassessment; source of COPCs is sediment, no bioaccumulative COPCs identified in surface water.
5.7 ERA Risk Analysis Plan

The development of a risk analysis plan represents the final stage of the problem formulation
process: it presents the overall implementation strategy of the ERA (EC 2012). An overview of
the preliminary Risk Analysis Plan for the ERA is provided in this section, including selection of
assessment and measurement endpoints and proposed methods to evaluate potential risks to
aquatic plants, aquatic invertebrates, fish, amphibians and aquatic-dependent wildlife.

5.7.1 Assessment and Measurement Endpoints

Assessment endpoints define the values or attributes of the receptors which must be protected.
The CCME (1996) defines an assessment endpoint as the “characteristic of the risk assessment
that is the focus of the risk assessment.” Azimuth (2012) defines an assessment endpoint as “an
explicit expression of the environmental value to be protected” and includes an entity (a “thing” to
be protected such as a receptor group” and “a specific property of that receptor (an attribute)”).
The selection of assessment endpoints is an essential element of the overall risk assessment
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process because it provides a means of focussing assessment activities on the key environmental
values (e.g., survival of benthic invertebrates) that could be negatively affected by exposure to
environmental contaminants.

Measurement endpoints are the criteria to measure the potential effects. Measurement endpoints
can include measures of exposure such as concentrations of COPCs in environmental media,
and measures of effects such as literature-based receptor-specific TRVs. The assessment and
measurement endpoints which have been used in this ERA are outlined in Table 5-10 and pertain
to the four receptor groups retained for assessment. As it would not be practical or possible to
incorporate all possible measurement endpoints, the measurement endpoints that inform the
assessment endpoints and provide the most useful information for evaluating the risks associated
with exposure to the COPCs, have been identified.

Table 5-10: ERA Assessment and Measurement Endpoints

Lines of Evidence

Receptor .
Group Assessment Endpoint LOE Mes:;ggri?ﬁnt Overview of the Risk Evaluation Framework
Structure and Chemistry Final COPC - HQs derived using literature-based TRVs
Aquatic ecological funcFion (i.e. (surface concentrations - HQs <1.0 indic'ate.negligible risks; HQs > 1.0
Plants food and habitat for water and indicate potential risks
invertebrates, fish,and  sediment) - HQs distribution
wildlife) - Field observations
Structure and Chemistry Final COPC - HQs derived using TRV based on site-specific
ecological function (i.e. (surface concentrations and literature toxicity information
food \Lﬂ:?:) and !’:élenrngg - HQs <10 indicate negligible risks; HQs > 1.0
Aquatic indicate potential risks
Invertebrates* - HQs distribution
Toxicity test ~ Survival,and - Comparisons to laboratory control
(sediment) growth
Biological ~ Abundanceand -  Comparisons among year and sampling locations
assessment richness
Viability of local fish Chemistry Final COPC - HQs derived using TRV based on site-specific
populations (ability for (surface concentrations and literature toxicity information
Fish the population to water and . . .
sustain itself over the sediment) ) H(éls ts1 0 t'n?.'cﬁt? knegllglble fisks; HQs > 1.0
long term) indicate potential risks
Viability of local Chemistry Final COPC - HQs derived using TRV based on site-specific
Amphibian amphibian (surface concentrations and literature toxicity information
populations water and - HQs <1.0 indicate negligible risks; HQs > 1.0
sediment) indicate potential risks

*Listed species assessment endpoint will be protective of the individual as opposed to the viable population
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6.0 EXPOSURE ASSESSMENT

Exposure is defined as the contact of a receptor with a chemical or a physical agent. The goal of
the exposure assessment is to quantify complete exposure pathways identified in the problem
formulation and summarized in the conceptual site model. In doing so, exposure point
concentrations (EPCs) are defined for each COPC carried forward in the ERA.

The measure of exposure for aquatic life is generally not discussed in terms of specific exposure
pathways, but rather as concentrations in the exposure media, in this case surface water and/or
sediment. For this reason, EPCs representing the concentrations of individual COPCs at the point
of contact with a receptor (aquatic plant, aquatic invertebrate, fish and/or amphibian), are provided
in the exposure assessment for aquatic life. The EPC are based on the data obtained by Wood
in 2018 and by SLR in 2019. The environmental studies considered in the ERA are described in
Sections 3.0 and 4.0 and the data used in the exposure assessment are presented in Section
5.6.1. Exposure assessment uncertainties are discussed in Section 9.2.

6.1 COPCs Spatial Distribution and Trends

The following section discusses the spatial distribution of the COPC groups in the surficial
sediment and/or surface water, as well as comparisons to MECP guidelines.

6.1.1 Metals

Metals in surface sediment reflect the various inputs present in an urban watershed such as
Chedoke Creek. Arsenic, cadmium, chromium (llI+VI), lead, manganese, mercury and zinc
concentrations in sediment exceeded the PSQG LELs, but were below the SELs in all samples.
Copper was the only metal to exceed the PSQG SEL. In surface water, aluminum, iron and zinc
exceeded the PWQO for the protection of freshwater aquatic life. The spatial distribution of these
COPCs is briefly described below (for each COPC).

In surface water, total aluminum ranged from 160 pg/L to 598 pg/L, which exceeded the PWQO
of 75 ug/L. The lowest concentration was obtained immediately downstream of the King/Main
CSO (C-1) and the highest concentration was obtained at the most downstream location (C5-
East). Dissolved aluminum concentrations were significantly lower, ranging from non-detected
(<2 pg/L) to 14 ug/L, indicating that total aluminum is mostly associated with particulates.

In surface water, total iron ranged from 202 pg/L to 1180 ug/L. The PWQO (300 ug/L) was
exceeded in six out of eight samples. The highest concentration was observed at C5 East. Iron
was not retained as a COPC in sediment as concentrations were less than the sediment
background value published by MECP (MOE 2008).

Arsenic in sediment exceeded the PSQG LEL (6 mg/kg) in one out of twenty-two samples (12
mg/kg, C-5 East in September 2018). All arsenic concentrations were below the SEL (33 mg/kg).
Arsenic concentrations in surface water were below the PWQO.

Cadmium in sediment exceeded the PSQG LEL (0.6 mg/kg) in thirteen out of twenty-samples.
The highest cadmium concentrations were obtained at location C5-East (8.5 mg/kg) and C-4 West
(6.1 mg/kg) in September 2018. All cadmium concentrations were below the SEL (10 mg/kg).
Cadmium was not detected in surface water (<0.1 pg/L).
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Chromium (ll1+V1) in sediment exceeded the PSQG LEL (26 mg/kg) in six out of twenty-samples.
Chromium exceedances were seen at locations C-3, C-4 and C-5. The highest chromium
concentrations were obtained at location C-4 West (41 mg/kg) and C5-East (37 mg/kg) in
September 2018. All chromium concentrations were below the SEL (110 mg/kg). Chromium
concentrations in surface water were below the CCME WQGs.

Copper in sediment exceeded the PSQG LEL (16 mg/kg) in all samples (n=15). Copper also
exceeded the severe effect level (SEL) (110 mg/kg) at locations C-3 West (170 mg/kg) in
September 2018, and C-4 West (125 mg/kg) in October 2019 and C-5 East (136 mg/kg) in
September 2018. Copper concentrations in surface water were below the PWQO.

Lead in sediment exceeded the PSQG LEL (31 mg/kg) in eleven out of fifteen samples. The
highest lead concentration was obtained at location C-3 West (87 mg/kg). All lead concentrations
were below the SEL (250 mg/kg). Lead concentrations in surface water were below the PWQO.

Manganese in sediment exceeded the PSQG LEL (460 mg/kg) in five out of six samples.
Manganese concentrations ranged from 390 mg/kg at G-6 Comp to 623 mg/kg at G-5 Comp. All
manganese concentrations were below the SEL (1100 mg/kg). Manganese concentrations in
surface water were below the PWQO.

Mercury in sediment exceeded the PSQG LEL (0.2 mg/kg) in one out of six samples (0.255 mg/kg;
C3-West). All mercury concentrations were below the SEL (2 mg/kg). Mercury was not detected
in surface water.

Zinc in sediment exceeded the PSQG LEL (120 mg/kg) in all samples (n=15). The highest zinc
concentration was obtained at location C-4 West (532 mg/kg) in 2019. The second highest
concentration (505 mg/kg) was obtained at C3-West in 2018. Zinc in surface water ranged from
15 to 22 pg/L. The maximum concentration exceeded the PWQO of 20 pg/L.

The concentrations of metal COPCs in sediment generally increased from upstream to
downstream, with the highest concentrations typically observed at locations C5-East and C3-
West. The metals distribution in sediment indicates that the storm sewers located immediately
upstream of C3-West and C5-East may also contribute metals to the study area.

Generally, the concentrations of metals COPCs in the surficial sediments of Chedoke Creek and
Chedoke Bay do not show an enrichment following the 2014-2018 discharge compared to
historical results with the potential exception of copper. Environment Canada investigated metals
concentrations in sediment in Chedoke Creek in 2002 (Dove et al 2003). Several surface (<5 cm)
sediment sub-samples (e.g. mid-channel, left-bank, right-bank) were collected upstream of the
mouth of Chedoke Creek The concentrations in the composited sediment sample obtained by
Environment Canada in 2003 were compared to the range of concentrations obtained in 2018
and 2019 (Table 6-1). The results generally show comparable concentrations. In 2018 and 2019
combined, two out of fifteen samples had copper in higher concentrations than in 2002 and four
out of 22 samples had cadmium in higher concentrations than in 2003. In 2018 and 2019, the
samples with the highest concentrations of copper also had the highest concentrations of zinc
and TP.
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Table 6-1: Chedoke Creek COPC Concentrations in 2002, 2018 and 2019

COPC 2002* 2018** 2019**
Arsenic 11 3-12 3.56-5.76
Cadmium 1 0.27-8.5 0.601-1.32
Chromium 39 16 - 41 19.8-35.9
Copper 86 30-170 38.1-125
Lead 70 13- 145 24.5-51.3
Manganese 547 na 390 - 623
Mercury 0.403 na 0.057 - 0.255
Zinc 551 167 - 505 214- 532
*one sample made up of several combined sub-samples representative of the overall conditions.
**min-max

na — not available
All concentrations are in mg/kg.

In addition to the samples collected in Chedoke Creek, four sediment samples were obtained
from Chedoke Bay (C6 East, C6-Centre, and C6-West in 2018; G7 in 2019). Cadmium, chromium
(II+V1), copper, lead, manganese, mercury and zinc concentration in sediment exceeded the
SQG LELs, but were below the SELs in these samples.

Sediment samples were also collected from Chedoke Bay in 2006 (CC-1) and in 2013 (CC-2).
Cadmium, copper, iron, manganese, lead, nickel and zinc exceeded the PSQG LELs, but were
below the SELs in these samples (Bowman and Theysmeyer, 2014). The 2013 sediment study
showed that metals exceeding the PSQG LELs were observed at most locations in Cootes
Paradise and Grindstone Marsh, with copper exceeding the LEL at all ten locations investigated
(Bowman and Theysmeyer, 2014). Comparison of metals concentrations obtained in 2006 and
2013 to concentrations obtained in 2018 and 2019 shows similar results, except for copper
showing a possible increase (Table 6-2). Note that the maximum copper concentration in West
Pond in 2013 was 90.5 mg/kg. A study on contaminant loadings and concentrations to Hamilton
Harbour reported “concerns about the concentration levels of copper in the sediments of Cootes
Paradise and the Grindstone Creek Estuary. The Technical Team hypothesized that sources
could include copper pipes and roofs in the area or residue from copper now used in brake pads
instead of asbestos” (Hamilton Harbour Remedial Action Plan Office 2018).

Table 6-2: Chedoke Bay Historical and Current Surface Sediment Metal Maximum
COPC Concentrations

COPC 2006 2013 2018 2019
Cadmium 21 21 0.96 0.96
Copper 73 55 76 99.8
Manganese - 630 - 537
Lead 69 50 63 61
Zinc 400 340 303 451

All concentrations are in mg/kg.
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6.1.2 PAHs

PAHs were widespread in the study area. All sediment sampling locations except for G3 had one
or more PAHs and total PAHs'® in concentrations exceeding the SQG LELs. All individual PAHs
except for pyrene in one sample (C1-West) are below the SELs adjusted to the lowest TOC level
obtained in Chedoke Creek (2 percent). SLR re-sampled location C1-West in 2019. Pyrene was
below the SEL in 2019. Total PAHs were below the SEL in all samples in 2018 and 2019. PAHs
were not detected in surface water.

Total PAHs concentrations in 2018 ranged from 2.97 to 98.69 mg/kg (n=16) and total PAHSs in
2019 ranged from 5.3 to 13 mg/kg (n=6). The maximum concentration of total PAHs was obtained
in C1-West by Wood in 2018. SLR re-sampled this location in 2019 and measured a total PAH
concentration of 6.7 mg/kg for this location.

The distribution of total PAHs shows variability among stations located within the same area.
Generally, total PAHs were highest at the location downstream of the King/Main CSO, decreased
at locations G3 and G4, and increased downstream of Macklin Street Bridge. Total PAHs
concentrations between Macklin Street Bridge and Princess Point appeared similar (based on the
geomean; Table 6-3).

In all samples, fluoranthene was the dominant PAH, followed by pyrene and phenanthrene or
chrysene. Benz(a)anthracene and benzo(a)pyrene were the fifth or sixth most dominant PAHs,
depending on the sample. The similar distribution of individual PAHs in the samples across the
study area points to a common source. A study on PAHs in Cootes Paradise Marsh and select
tributaries completed by Chow-Fraser et al (1996) indicated that PAHs in sediment of Spencer,
Borer's and Chedoke Creeks most likely originated from automobile exhaust and residual asphalt
based on the high levels of fluoranthene and pyrene which are derivatives of engine combustion.

Based on the 2018 and 2019 results, PAH concentrations do not seem to be correlated with
nutrient levels. For example, in 2018 the sampling location with the highest total PAH
concentrations was the only sampling location with TP concentration below the PSQG LEL. TKN
was also below the LEL in that sample.

Environment Canada investigated PAH concentrations in sediment in Chedoke Creek in 2002
(Dove et al 2003). Most of the individual PAHs and total PAHs (14. 5 mg/kg) exceeded the SQG
LELs in the sediment sample obtained in 2002. Similar to the samples obtained in 2018 and
2019, pyrene, fluoranthene, phenanthrene and benz(a)anthracene were the dominant PAHs in
the sample.

3 PAH (total) is the sum of 16 PAH compounds: Acenaphthene, Acenaphthylene, Anthracene,
Benzolk]fluoranthene, Benzo[b]fluoranthene, Benzo[alanthracene, Benzo[a]pyrene, Benzo[g,h,i]perylene,
Chrysene, Dibenzo[a,h]anthracene, Fluoranthene, Fluorene, Indeno[1,2,3-cd]pyrene, Naphthalene,
Phenanthrene, and Pyrene (MOE, 2008).
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Table 6-3: Total PAHs Results in Chedoke Creek
Location Date Total PAHs Conc. Geomean
G-1 Comp 9/18/2018 422
C-1 West 9/18/2018 98.7
C-1 West 10/2/12019 6.7 201
G-2 Comp 9/18/2018 5.1
C-2 West 9/18/2018 23.0
G-3 Comp 9/18/2018 3.0 3.0
G-4 Comp 9/18/2018 4.4
G-4 Comp 10/2/2019 53 49
G-5 Comp 9/19/2018 8.2
G-5 Comp 10/2/2019 5.7
C-3 West 9/18/2018 11.0 "
C-3 West 10/2/2019 13.0 '
C-3 Centre 9/18/2018 16.0
C-3 East 9/18/2018 4.9
C-4 West 9/19/2018 20.5
C-4 West 10/1/2019 7.8
C-4 Centre 9/19/2018 8.9 o
C-4 East 9/19/2018 6.2
C-5 West 9/19/2018 6.5
C-5 Centre 9/19/2018 5.3
C-5 East 9/19/2018 16.0 "9
G-6 Comp 10/1/2019 73

6.1.3 Nutrients

Nutrients are a component of raw sewage. Nutrients were retained as COPCs in sediment (TKN
and TP) and in surface water (nitrite and TP).

In sediment, TKN exceed the PSQG LEL (550 mg/kg) in twelve (600 to 1900 mg/kg) of twenty-
two samples. TKN showed a decrease in concentrations in October 2019 and none of the
samples had TKN concentrations above the LEL. The maximum TKN concentration in 2018 was
814 mg/kg obtained at C3-West and the maximum TKN concentration in 2019 was 330 mg/kg
obtained at C-4 West. Ammonia also decreased between 2019 (maximum 400 mg/kg) and 2018
(maximum 130 mg/kg).

TP was widespread in the study area and exceeded the PSQG LEL (600 mg/kg) in twenty-one
out of twenty-two sediment samples obtained in 2018 and 2019. The maximum TP concentration
in 2018 was 1622 mg/kg obtained in sample C-3 West and the maximum TP concentration in
2019 was 1560 mg/kg obtained in sample C-4 West.
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All samples had TKN and TP concentrations below the SELs (4800 and 2000 mg/kg,
respectively).

Studies that included sediment samples analyzed for nutrients in Chedoke Creek before the
Main/King CSO discharge were not found. However, sediment samples were collected in Cootes
Paradise and Grindstone Marsh in 2006 and 2013, including two sediment samples from Chedoke
Bay (CC-1 and CC-2) (Bowman and Theijsmeijer, 2014). These sediment samples were analyzed
for TKN and TP and exceeded the LELs at all locations in Cootes Paradise and Grindstone Marsh.
TP also exceeded the SEL in Desjardin Canal in 2006 and 2013 (Bowman and Theijsmeijer,
2014). Comparison of TP and TKN concentrations obtained from Chedoke Bay in 2006 and 2013
to concentrations obtained in 2018 and 2019 in sediment (within the top 15 cm of sediment) shows
similar TP concentrations and a decrease in TKN concentrations (Table 6-4).

Table 6-4: Chedoke Bay Historical and Current Maximum Sediment TKN and TP
Concentrations in Surface Sediment

COPC 2006 2013 2018 2019
TKN 1250 1390 814 120
P 1100 1100 1000 1140

Unit in 2006 and 2013 are in pyg/g and unit in 2018 and 2019 are in mg/kg; both are ppm.

In surface water, total nitrite exceeded the CCME long-term WQG (60 ug/L) at all 2019 study area
sample locations, ranging from 70 to 220 ug/L. There is no PWQO for nitrite. The lowest
concentration was obtained at the most downstream location (C5-East) and the highest
concentration was obtained immediately downstream of the Main/King CSO outlet (C-1). TKN
was retained as an uncertain COPC in surface water as no PWQO is available. Waters not
influenced by excessive organic inputs typically range from 100 to 500 ug/L (Environment Canada
1979). Measured concentrations within the study area ranged from 500 to 1500 ug/L, with the
highest concentration obtained at the most downstream location (C-5 East). It is noted that the
concentrations measured in 2019 at Red Hill reference locations R-1 and R-2 were also below
this range (300 and <200 ug/L, respectively).

TP concentrations exceeded PWQO (30 pg/L) to prevent excessive algae growth in river at all
sample locations and were within a comparable range across the study area (314 to 428 pg/L).
The maximum TP concentration was obtained in sample G-1 Comp West collected immediately
downgradient of the CSO outlet, while the minimum was collected at the most downstream
location (C5-East). Dissolved phosphorus concentrations were generally consistent with the total
concentrations measured immediately downstream of the CSO outlet (C-1 and G-1) but were
lower than the total concentrations measured at downstream locations. This indicates that
particulates likely play a larger role in total phosphorus concentrations at downstream locations.
TP was not detected in the Red Hill reference samples in 2019.

TP concentrations were measured in the study area (CP-11) before (2009 to 2013), during (May
2014 to July 2018) and after the discharge (August 2018 to October 2018) (HCA data as provided
by City of Hamilton, 2019). The results show that TP concentrations were significantly higher in
2018 during the Gate 2 failure. After the discharge, TP concentrations returned to pre-discharge
concentrations (Table 6-5).
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Table 6-5: Surface Water TP Concentrations Before, During and After the Discharge

Period Year N Range Median
Pre-discharge 2009 12 84-271 194
Pre-discharge 2010 1| 111-269 185
Pre-discharge 2011 11| 100-469 195
Pre-discharge 2012 1" 158-365 290

Discharge 2014 8 156-956 350
Discharge 2015 17 | 113-1250 369
Discharge 2016 19 | 226-1004 433
Discharge 2017 27 | 130-740 359
Discharge 2018 (until end of July) 16 | 276-2780 1130
Post-discharge| 2018 (August-October) 10 [ 195-935 233

Nutrients in Chedoke Creek surface water have been evaluated in several studies. Chow-Fraser
reported a mean nutrient TKN concentration for May to September 1996 of 2840 ug/L for Chedoke
Creek. The mean TP concentration in the same study was reported to be 375 pg/L. Chow-Fraser
(1996) indicates that high nutrient levels in Chedoke Creek were probably linked to the several
CSOs discharging into the creek. In addition, urban runoff has been recognized as a major
nonpoint source of TP in the growing season, for example urban runoff has been identified as the
second most important nonpoint loading source of TP to Cootes Paradise (Dong-Kyun et al 2016).

6.1.4 Bacteria

E. coli and fecal coliform were identified as an uncertain COPC in sediment and surface water
based on the lack of guidelines specific to ecological receptors. While samples were also
analyzed for fecal coliform, E. coli is a better indicator of bacterial fecal contamination. MOEE
1994 states that E. coli was selected for the guidelines for the protection of human health as
“studies have determined that, among bacteria of the coliform group, E. coli is the most suitable
and specific indicator of fecal contamination”.

E. coli levels in sediment in 2019 ranged from 5,400 to 2,400 MPN/100g. E coli were not analyzed
in sediment in 2018. Fecal coliforms in sediment were analyzed in both 2018 and 2019 and
decreased from 2018 to 2019 at all sampling locations. Levels in 2018 ranged from 8,000 to
45,000 MPN/100g with a median concentration of 20,000 MPN/100g. In 2018, the highest levels
were observed at C-3 West and C-3 East. Levels in 2019 ranged from 5,400 to 2,400 MPN/100g
with a median concentration of 4450 MPN/100g. In 2018, the highest levels were observed at C-
3 West, C-3 East and C-5 East.

E. coli levels in surface water in 2019 ranged from 390 to 4100 cfu/100 ml. E coli counts were
higher at upstream location C1-West and lowest at downstream location C5-East. The 2019
median concentration was 1450 cfu/100 ml. Wood (2019) reported a median for E. coli during the
discharge event of 12300 cfu/100 ml.

E. coli counts are elevated throughout the Chedoke Creek subwatershed. E coli levels were

measured in the study area (CP-11) and at three locations upstream of the Main/King CSO (CC-3,
CC-7 and CC-9; locations provided in Appendix A) in 2018. The results are provided in Table 6-6
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for two time period, during the discharge (April to July 2018) and after the discharge (August to
October 2018) (HCA data as provided by City of Hamilton, 2019). The results show that E. coli
levels were significantly higher at station CP-11 than in the upstream stations at CC-2, CC-7, and
CC-9, during the discharge. After the discharge, E coli decreased to levels lower than those
observed at the upstream locations.

Table 6-6: Chedoke Creek E. Coli Levels in Surface Water Downstream
and Upstream of Main/King CSO in 2018

Downstream of Main/King Upstream of Main/King CSO
CSO
CP-11 (study area) CC-3 CC-7 CC-9

N Range | Median| N Range |Median| N [ Range |Median| N Range |Median

2018 11 | 290000- 1800000 8 | 590-104000 | 15900 | 8 | 570-6600 | 2800 | 8 |[590-18000 | 3200
(April -July) 4900000

2018 (August- [ 10 190- 3300 5 | 800-610000 | 6400 | 5 | 440-6000 | 1600 | 5 |[1630-9000 | 7100
October) 20000

2019 390-4100| 1450 |[na na na |na na na na na na

na - not available

Unit are in CFU/100ml

April-July 2018 — during discharge

August-October 2018 — after discharge

Samples collected on the same dates at all locations but location CC-11 included duplicate.
2018 dates during discharge: April:11 and 25; May: 9 and 23: June: 7 and 20; July 4 and 18
2018 dates after discharge: August:1, 15 and 29; September 11 and 27; October: 10.

6.1.5 Biochemical Oxygen Demand (BOD) and Dissolved Oxygen (DO)

While BOD and DO were not selected as COPCs, the two parameters provide information on the
potential indirect effect of natural organic detritus and/or organic waste. BOD is a measure of the
amount of oxygen that bacteria will consume while decomposing organic matter under aerobic
conditions thus reducing available dissolved oxygen for fish and other aquatic biota (e.g.,
invertebrates) (Wood 2019). BOD in the 2019 sediment sample (measured in the porewater)
ranged from 6.4 to 31 mg/L. The highest BOD was observed at C-4 West. BOD measured at C-1
West, downstream of the CSO, was 8.5 mg/L. DO was measured in surface water at each location
in the field and ranged from 2.96 to 10.23 mg/L. The location with the highest DO level was C-1
West and the location with the lowest DO level was C5-East/G6. Both locations with the highest
BOD (C-4 West: 31 mg/l and C5-East/G6: 17 mg/L) also showed the lowest DO (4.85 and
2.96 mg/L respectively). Sampling locations C-4 West and C5-East/G6 had DO levels lower than
the CCME minimal DO guideline levels for the protection of warm water biota (6 mg/L). Surface
water DO in the study area prior to the King/Main CSO discharge event ranged from 3 mg/L to 16
mg/L with the lowest DO levels observed in the summer.

Total organic carbon measured in sediment in 2019 ranged from 2.6% to 4.7% and was
comparable to total organic carbon observed in the study area in 2002 (3.8% - Dove et al 2003).
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6.2 Exposure Point Concentrations (EPC)

Aquatic plants and benthic invertebrates are sessile and thus, may be exposed to higher or lower
concentrations in discrete area(s) of Chedoke Creek. For this reason, the concentrations of the
individual sediment samples obtained in Chedoke Creek were used as EPCs.

EPCs for fish and amphibians are based on the calculated 95% UCLM concentrations because
fish are mobile receptors and thus, may be exposed to the entire length of Chedoke Creek within
the study area.

The EPCs for the individual samples and the 95% UCLM concentrations are presented in Table 4
after the text.

For surface water COPCs, the maximum concentrations were adopted as the EPCs for aquatic
plant, invertebrates (benthic and zooplankton), fish and amphibians.  The maximum
concentrations were conservatively selected because surface water samples in the study area
were only collected on one occasion (2019) from 8 locations, providing limited information on the
temporal and spatial variations in surface water quality. The surface water EPCs are summarized
below in Table 6-7.

The method followed to calculate the 95% UCLMs and the detailed results of the analyses are
presented in Appendix F.

Table 6-7: Surface Water Exposure Point Concentrations

COPC EPC Unit Statistic
Aluminum 598 Mg/L Maximum

Iron (total) 1340 Mg/l Maximum

Nitrite (as N) 280 Mg/L Maximum

Total Phosphorus 450 Mg/L Maximum
Total Phosphorus (Filtered) 420 Mg/l Maximum

The EPCs are carried forward to the risk characterization section of this ERA.
7.0 EFFECTS ASSESSMENT

Exposure to COPCs in sediment and surface water has the potential to negatively affect aquatic
organisms. Toxicity reference values (TRVs) were compiled for each of the COPCs to assess the
potential effects and characterize the potential risks. A TRV is a receptor-specific concentration
of a chemical, above which adverse effects have the potential to occur, and below which there is
a low likelihood that adverse effects will occur. The selected TRVs were then used to quantify
the potential risks (Section 8.0).

Concentrations of contaminants in sediment may exceed the applicable guidelines; however,
contaminant concentrations are not necessarily strongly correlated to bioavailability and toxicity.
Because relationships between concentrations of contaminants in sediment and their
bioavailability are poorly understood and vary on a site-specific basis, determining effects of
contaminants in sediment on aquatic organisms often requires a combination of approaches,
including biological observations, controlled toxicity tests and measures of effects on benthic
communities inhabiting sediments (Ingersoll et al., 1997). The following information was compiled
and presented as part of the effect assessment:
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o Sediment toxicity testing was completed using benthic invertebrates exposed to sediments
collected from impacted locations to identify whether exposure to the COPCs caused
decreases in survival, reproduction and/or growth compared to a laboratory control;

e BICS analysis was conducted to assess the benthic community composition at various
locations; and

e Both toxicity testing and BICS analysis rely upon site-specific information to assess
whether potential effects are due to elevated chemical concentrations and/or other
biological and physical stressors (e.g., particle size, competition/predation).

The effects assessment presents key information used in the risk characterization presented in
Section 8.0. Effects assessment uncertainties are discussed in Section 9.3.

7.1 Literature-Based Toxicity Reference Values

The TRVs were selected in accordance with ERA guidance (EC 2012, MECP 2019) and are
outlined in the subsection below.

7.1.1 Sediment TRVs for Aquatic Life

While screening-level sediment quality guidelines (i.e., lowest effect level-type SQGs) were used
to identify the COPCs, aquatic life, probable-effect level (PEL) type SQGs were adopted as TRVs
to assess risks to aquatic life associated with exposure to sediment COPCs for non listed species.
This approach was adopted because the results of the reliability evaluations of various types of
SQGs indicate that PEL-type SQGs tend to be more predictive of sediment toxicity than threshold
effect level SQGs (Long et al. 1995; MacDonald et al. 2000, 2003). In addition, for non-listed
species, the goal of the ERA was not to protect each individual from a toxic effect, but rather to
protect enough individuals so that a viable population and community of organisms can be
maintained. More specifically, the following hierarchical approach was applied to select TRVs for
aquatic life:

e MacDonald D.D., Ingersoll C.G. and Berger T.A. 2000. Development and Evaluation of
Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems. Archives of
Environmental Contamination and Toxicology 39(1). 20-31.

o Canadian SQGs for the protection of freshwater aquatic life (i.e., PELs; CCME 1999 and
updates).

o USEPA Assessment and Remediation of Contaminated Sediment (ARCS) probable effect
concentrations (PECs) (Ingersoll et al. 1996).

e Persaud D. R. Jaagumagi and A. Hayton. 1993. Guidelines for the Protection and
Management of Aquatic Sediment Quality in Ontario. Ontario Ministry of Environment and
Energy.

The consensus-based probable effect concentrations (PECs) developed by MacDonald et al.
(2000) were developed by averaging probable effect-level concentrations from several guidelines
to yield consensus-based PECs. The consensus-based PECs have been evaluated for their
reliability in predicting toxicity in sediments by using matching sediment chemistry and toxicity
data from field studies. The results of the reliability evaluation showed that most of the consensus-
based values for individual contaminants provide an accurate basis for predicting the presence
or absence of toxicity (MacDonald et al. 2000). The consensus-based PECs were adopted for all
of the COPCs for which they were developed. The consensus-based PECs are lower than the
PSQG SELs.
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The CCME PEL represents the lower limit of the range of chemical concentrations that are usually
or always associated with adverse biological effects. The PELs are calculated as the square root
of the product (i.e., the geometric mean) of the 50th percentile concentration of the effect dataset
and the 85th percentile concentration of the no-effect dataset (CCME 1999). The CCME PELs
were adopted for those COPCs for which consensus-based PECs were not available. The CCME
PEL based are lower than the PSQG SELs.

The PSQG SELs were selected as the TRV for COPCs for which consensus-based PECs or
CCME PELs were not available.

As indicated in Section 5.2.3, aquatic life species of concern include freshwater mussels which
have documented presence immediately downstream of the study area. While not observed in
the study area, these species could potentially be present in Chedoke Creek. For this reason,
lower-level SQGs from the above listed sources were used as TRV. The sediment background
concentration (MOE 2008) was selected as the iron TRV.

As toxicity information for sediment COPCs relevant to aquatic plants, fish and amphibians is
limited, the benthic invertebrate based TRVs have been applied to all aquatic life receptors. TRVs
selected for aquatic life are summarized below in Table 7-1.

Table 7-1: Sediment Toxicity Reference Values for the Protection
of Aquatic Life (mg/kg)

Non-Listed Species Listed Species
COPC TRV Type Source TRV Type Source
Arsenic 33 PEC Mac Donald et al (2000) 9.79 TEC Mac Donald et al (2000)
Cadmium 4.98 PEC Mac Donald et al (2000) 0.99 TEC Mac Donald et al (2000)
Chromium (l11+V1) 111 PEC Mac Donald et al (2000) 433 TEC Mac Donald et al (2000)
Copper 149 PEC Mac Donald et al (2000) 31.6 TEC Mac Donald et al (2000)
Iron 40000 SEL Persaud (1993) 30000 Background MOE 2008
Lead 128 PEC Mac Donald et al (2000) 35.8 TEC Mac Donald et al (2000)
Manganese 1100 SEL Persaud (1993) 460 LEL Persaud (1993)
Mercury 1.06 PEC CCME PEL 0.18 TEC Mac Donald et al (2000)
Silver - - - -
Zinc 450 PEC Mac Donald et al (2000) 121 TEC Mac Donald et al (2003)
Acenaphthylene 0.128 PEL CCME (1999) 0.01 ISQG CCME (1999)
Acenaphthene 0.0889 PEL CCME (1999) 0.006 ISQG CCME (1999)
Anthracene 0.845 PEC Mac Donald et al (2000) 0.22 LEL Persaud (1993)
Benz(a)anthracene 1.05 PEC Mac Donald et al (2000) 0.32 LEL Persaud (1993)
benzo(g,h,i)perylene 6.40 SEL Persaud (1993) 0.17 LEL Persaud (1993)
benzo(k)fluoranthene 1.45 PEC Mac Donald et al (2000) 0.24 LEL MOE 2008
Benzo(a)pyrene 1.45 PEC Mac Donald et al (2000) 0.37 LEL Persaud (1993)
Chrysene 1.29 PEC Mac Donald et al (2000) 0.34 LEL Persaud (1993)
Dibenz(a,h)anthracene | 0.135 PEC Mac Donald et al (2000) 0.06 LEL Persaud (1993)
Fluoranthene 2.223 PEC Mac Donald et al (2000) 0.75 LEL Persaud (1993)
Fluorene 0.536 PEC Mac Donald et al (2000) 0.19 LEL Persaud (1993)
Indeno(1,2,3-c,d)pyrene|  6.40 SEL Persaud (1993) 0.2 LEL Persaud (1993)
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Non-Listed Species Listed Species
COPC TRV Type Source TRV Type Source
2- Methylnaphthalene | 0.201 PEL CCME (1999) 0.02 ISQG CCME (1999)
Naphthalene 0.561 PEC Mac Donald et al (2000) 0.176 TEC Mac Donald et al (2003)

Phenanthrene 117 PEC Mac Donald et al (2000) 0.56 LEL Persaud (1993)
Pyrene 1.52 PEC Mac Donald et al (2000) 0.49 LEL Persaud (1993)

PAHSs (sum of total) 22.8 PEC Mac Donald et al (2000) 4 LEL Persaud (1993)
Kjeldahl nitrogen total 4800 SEL Persaud (1993) 550 LEL Persaud (1993)
Phosphorus 2000 SEL Persaud (1993) 600 LEL Persaud (1993)

7.1.2 Surface Water TRVs for Aquatic Life

This section presents the selected TRVs for each of the selected surface water COPCs. The
MECP has not developed aquatic protection values for the final surface water COPCs, therefore
the PWQO rationale document and more recent literature sources were reviewed for the selection
of TRVs. Sources reviewed included:

¢ MOE 1979. Rationale for the Establishment of the Provincial Water Quality Objectives.
September 1979. Ontario Ministry of the Environment.

o MOE 1988. Scientific Criteria Document for Development of Provincial Water Quality
Objectives and Guidelines. Aluminum. September 1988. Ontario Ministry of the
Environment.

e Technical supporting documents published by CCME as part of the Canadian
Environmental Quality Guidelines for the protection of aquatic life.

e Technical supporting documents published by BC MOE as part of the BC Approved WQG
and Working WQG.

Preferences in TRV selection were given to chronic sublethal toxicity data for reproduction and
growth for species representative of a warm water system, if available. For non-listed species,
preferences were given to the lowest observed effect level (LOEL) or ECy, where available. In
the ERA the goal was not to protect each individual from any toxic effect, but rather to protect
enough individuals so that a viable population and community of organisms can be maintained.
Therefore, LOELs or ECzs were considered appropriate TRVs where available for non-listed
species. To account for the potential presence of SAR (i.e. the Lilliput mussel) in the study area,
a no observed adverse effect level (NOAEL) was also selected for invertebrates following MECP
guidance (MECP 2019).

The selected TRVs for aquatic life are summarized in Table 7-2 and discussed Appendix G.
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Table 7-2: Surface Toxicological Reference Values for the Protection
of Aquatic Life (ug/L)

COPC Invertebrates Aquatic Plants Fish Amphibians
. 320 (non-listed)
Aluminum 100 (listed-species)e 460 200 320
1740 (non-listed) .
Iron (total) 300 (listed-species)® 1740 300 1740
Nitrite (as N) 60 (Listed and non-listed)® 5,000 (warm water) 602
Phosphorus 30 pg/L (benchmark to prevent algal growth)d

a- PWQO guideline retained as TRV due to limited toxicity information for amphibians

b- PWQO guideline retained as TRV due to limited ROC-specific toxicity information available

c- A NOAEL was selected, where available, to account for the potential presence of SAR (i.e. the Lilliput mussel)
in the study area. If the NOAEL was below the provincial guideline, the guideline was retained as the TRV

d- No TRVs were available for phosphorus, a target benchmark of 30 pg/L was selected to prevent excessive
algal growth.

7.2 Sediment Toxicity Tests

Select sediment samples were submitted to Bureau Veritas Laboratory' (BV) for toxicity tests.
BV test methods and detailed results are presented in Appendix E. This section presents a
summary of results.

Toxicity tests were completed using the freshwater midge Chironomus dilutus and the freshwater
amphipod, Hyalella azteca. Both lethal (i.e., survival) and sublethal (i.e., growth endpoints) were
measured. The tests were completed using the following testing protocols.

e Bureau Veritas Laboratories Standard Operating Procedure: Chironomus dilutus 10-Day
Survival and Growth Test (BBY2SOP-00010) based on Environment Canada Biological
Test Method: Test for Survival and Growth in Sediment Using the Larvae of Freshwater
Midges (Chironomus tentans or Chironomus riparius) (Environmental Protection Series
(EPS) 1/RM/32), and

e Bureau Veritas Laboratories SOP: Hyalella azteca 14-Day Survival and Growth Test
(BBY2SOP-00011) based on the Environment Canada Biological Test Method: Test for
Survival and Growth in Sediment and Water Using the Freshwater Amphipod Hyalella
azteca (EPS 1/RM/33).

These two tests were selected as they are the two aquatic species that are the most highly
recommended for most freshwater sediment quality assessments and have been used to evaluate
sediment toxicity in Hamilton Harbour.

In addition to the toxicity tests, the overlying waters were analysed for ammonia (as N), hydrogen
sulphide, temperature and pH at test initiation and completion to evaluate the potential influence
on the toxicity test results (Appendix A of the BV Toxicity Testing Report).

4 Maxxam Analytics changed their name to Bureau Veritas Laboratory (BVL) in June, 2019.
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Toxicity testing response endpoints (survival and growth) were evaluated statistically by BV to
determine whether the impacted sediments differed significantly from the laboratory control
sediment. These results are presented in Appendix E and summarized in Table 7-3.

Table 7-3: Summary of Chironomus dilutus and Hyalella azteca Percent Difference

Chironomus dilutus Percent Decreased Hyalella azteca Toxicity Results Percent
Sample Compared to Lab Control Decreased Compared to Lab Control
Mean Survival Mean Weight Mean Survival Mean Weight
C-5 East/ G6 6.3 140 61.2* 71.4*
C-4 West 18.8 116 98* 57.1*
C-3 West 2.1 148 51* 78.6*
C-3 Centre / G5 10.4 152 12.2 42.9*
G4 12.5 150 34.7 64.3*
C-1 West 16.7 148 8.4 28.6*

* Statistically significant decrease observed by BV compared to the laboratory control.

The toxicity tests completed with C. dilutus did not show any significant differences between the
samples versus the negative control for either the survival or growth endpoints. Therefore,
organism survival and growth were not significantly impacted by the presence of COPCs.

The toxicity tests completed with H. azteca shows that all samples except for C3 Centre/G5, G4
and C1 West had a statistically significant decrease in mean survival compared to the negative
control. All samples showed a statistically significant decrease in mean dry weight compared to
the negative control (Table 7-3). H. azteca survival and growth were negatively affected by the
presence of COPCs.

7.3 Benthic Invertebrate Community Structure Analysis

A BICS analysis was completed to characterize the benthic invertebrate communities; and thus,
to provide a direct measurement of potential COPC-related effects to the ecological integrity of
the benthic community metrics under actual field conditions.

7.3.1 Benthic Invertebrate Community Structure Analysis Method

SLR obtained sediment samples for BICS analysis from 10 locations in 2019 (eight in the study
area, one in Red Hill Creek and one in Chedoke Bay). The samples were submitted to Entomogen
where they were sorted under a dissecting microscope and identified to the lowest practicable
taxonomic level (typically species or genus).

Entomogen employed Excel and R version 6.1 (including iNext, vegan, stats and SpadeR
packages) to evaluate similarities and differences in the metrics, listed below, of benthic
invertebrate community structure. A description of these indices and the associated formulae to
calculate them are provided in the Entomogen report in Appendix E.

Biologica evaluated the data to further assess changes in the benthic community over time. In
doing so, Biologica conducted a two-way analysis of variance (ANOVA) to examine the effect of
year and site on species richness and the Hilsenhoff’'s Biotic Index. Biologica also completed
cluster analysis in PRIMER-E v. 6.0 to assess differences in community structure among the 2019
macroinvertebrate community stations.
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Benthic invertebrate community metrics used to describe the health of the benthic invertebrate
communities, included:

Species Richness

Hilsenhoff biotic index (HBI);

Simpsons Diversity Index (1-D);

Shannon-Weiner Diversity Index (H);

Pielou’s eveness (J°);

% Chironomidae; and

% Ephemeroptera, Plecoptera, Trichoptera (EPT).

The assessment of BICS carried out by Entomogen, including assessment of overall ecological
condition, was provided to SLR in a summary report (report included in Appendix E). In addition,
Biologica provided further statistical analysis of the benthic invertebrate community between
sampling sites and year over year (2018 and 2019).

7.3.2 Benthic Invertebrate Community Structure Analysis Results

Benthic invertebrate taxa that are tolerant to environmental stress dominated the species
composition of all sites sampled in 2018 and 2019. No sensitive species (EPT spp.) were
observed in 2018 or 2019. Although chironomids, oligochaetes and isopods are generally
considered tolerant to pollution, each group contains species with varying tolerance levels.
Dominant organisms often characterize sediment pollution (Lenat, Smock and Penrose 1980). In
2018, each location sampled in Chedoke Creek was dominated by tubificids and chironomids;
species known to dominate areas of higher organic pollution (Brinkhurst and Gelder 1991). These
same species also were observed in high relative proportions in 2019, with a noted increase in
isopod % contribution at G5 and G1. Coles et al (2012) note that “isopods are found in slower
moving streams that have relatively low dissolved oxygen concentrations”. Leeches were also
observed at G1 and C-3 Centre/G5. “Leeches are most common in warm, protected shallows
where stream velocities are relatively low” (Coles 2012). The dominant genus of chironomids was
Chironomus (for both 2018 and 2019) which has been shown to increase in density in
watercourses with domestic sewage input (Oliveira, Martins, Alves 2010, Gower and Buckland
1978).

Grain size analysis was completed for all benthic invertebrate sampling locations, with the
exception of G1 and R1, due to the coarseness of substrate. Entomogen found that “sediment
grain size data was not sufficient to describe variation in taxa at the sites and that other variables
may be driving the system”. This statement does not include G1 and R1, since the grain size at
G1 and R1 at these locations could not be analyzed by the laboratory.

As with 2018 results, the Hilsenhoff Biotic Index (HBI) scores calculated in 2019 are similar
between sampling locations (Table 7-4). A two-way ANOVA indicated a statistically significant
increase in Hilsenhoff HBI values between 2018 and 2019 but that HBI values between sample
sites within each sampling year were not statistically different (i.e., HBI for G1 in 2019 is not
statistically different from G6 in 2019). Biologica indicated that the observed increase in HBI
values was due to an increase in the relative abundance of the more pollution tolerant taxa. Mean
species richness increased at all sampling site in 2019 compared to 2018, with the exception of
G1 (Table 7-4). Atwo-way ANOVA indicated a statistically significant increase in species richness
between 2018 and 2019 and between sites within each year (i.e., G1 compared to G4 in 2019).
Lower species richness observed at G1 is likely driven by differences in habitat (increased
substrate coarseness).
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Table 7-4: Mean Species Richness and Hilsenhoff’s Biotic Index (HBI) in 2018 and 2019

Sampling 2018 2019

Location Richness HBI Richness HBI
G1 3.00 6.19 3.33 8.18
G4 2.33 6.00 11.33 9.41
G5 2.33 6.00 6.67 9.37
G6 1.67 4.00 4.67 9.87

To assess differences in community structure among the 2019 benthic invertebrate sampling
locations a cluster analysis was performed using the Bray-Curtis Similarity to evaluate variation
in 2019 benthic community. This cluster analysis indicated that the invertebrate communities
were not statistically distinguishable, except for the community at location G1. This observation
should be interpreted with caution given: 1) chemistry and toxicity data are not available for the
Red Hill Creek; 2) Substrate at G1 is larger/more course than at the other sampling stations; 3)
consideration of hydrological effects on benthic communities has not been considered (i.e.,
differences of water level and velocity fluctuations experiences at each sampling location).

8.0 RISK CHARACTERIZATION

Risk characterization integrates the results of the exposure and effects assessments to identify
potential unacceptable risks from exposure to COPCs. The first step within the risk
characterization involves the evaluation of hazard quotients (HQs) on a study area-wide basis.
Hazard quotients (HQs) relate the EPC with the TRV as follows:

o Hazard Quotient = Exposure Point Concentration (mg/kg or ug/L) / TRV (mg/kg or ug/L).

Hazard quotients greater than one indicate that potential risks are present; however, hazard
quotients above 1.0 do not necessarily indicate that risks are likely or certain.

For sediment the HQs were calculated on an individual sample basis for sessile aquatic organisms
(aquatic plants and invertebrates). HQs for aquatic plants and invertebrates were also calculated
on a site-wide basis using EPCs (95% UCLM) representative of the entire study area. HQs for
fish were calculated using 95% UCLM concentrations. The HQs based on the 95% UCLMs
provide “a conservative estimate of risk, particularly for a small site with relatively few
environmental sampling points” (Golder, 2006).

For surface water, the HQs were calculated using the maximum COPC concentrations. The HQs
above are discussed below in Section 8.1.

SLR also implemented a WOE approach using a subset of samples that involved integrating the
results for the following three key LOEs: sample specific HQs, benthic invertebrate toxicity testing
and BICS analysis. The additional LOEs and WOE are presented in Section 8.2.

Risk Characterization uncertainties are discussed in Section 9.4.
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8.1 Sediment HQ
8.1.1 Agquatic Plants and Benthic Invertebrates

SLR calculated HQs based on each sample to evaluate the risks to aquatic plants and benthic
invertebrates. The sample-specific HQs also provide information on the spatial distribution of
HQs. Sample-specific HQs are provided in Table 4 after the text.

Sample-specific HQs greater than 1.0 for aquatic plants, benthic invertebrates and fish assessed
at the community level (non-listed species) are summarized in Table 8-1. These HQs indicates
that, for the COPCs for which TRVs were available, PAHs contribute the most to the potential
risks. In order to evaluate the relative degree of PAHs contamination of the sediment samples and
to make comparisons among locations, a mean HQ quotient (mean HQ-Q) was also calculated
for PAHs. The mean HQ-Q was calculated according to the general guidance for calculating mean
concentration quotients (e.g. PEC-Qs) and SedQC-Q (ENV, non-dated). The mean HQ-Q for PAHs
was calculated by summing the individual PAH HQs obtained with reliable TRV (PEC or PEL) and
dividing this number by the number of individual PAHs included in the sum (n=11). The HQ-Qs
are presented in Table 8-1. Since PAHs were identified as potential risk-drivers, the HQ-Qs were
used to attribute risk categories to the individual samples. Risk categories and criteria used are
presented in Table 8-2. HQs greater than 1.0 are furthers discussed after the tables.

Table 8-1: Summary of Sediment Samples with HQs > 1.0
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gl gl8|= |Tl=|e|lS| €le|le|lE| E 2|(F|5] =
s|s|€|E|E|8| 25| Ele|2|E| &| §lelelE|lgl<|.
=l = {55 [Fl2|5|=] 2|2 8| E] £| 5|2|5|8|8]| 3|5
G-1 Comp |9/18/2018 93 12|28 1.7125]2.71 41 |16|15|1.7] 8.1 | 4.4 |1.9]|3.8 High
C-1 West [9/18/2018 16.8(5.6] 6.3 [1.6(4.1]5.5/5.9|11.0(3.3 14.1(12.4|43|7.7 High
C-2 West [9/18/2018 2.9 1.7 1.2]1.7]1.6] 2.4 31|27(1.0[17 Moderate
Ao C-3 West [10/2/2019 3.0 1211.2] 14 2111506/[1.3 Moderate
quatic
benthic  |C-3 Centre [9/18/2018 3.0 1.7 2811.80.7[1.3 Moderate
invertebrates
C-4 West [10/1/2019 1.3 1.1 (0.3]0.6 12| Low
C-4 West [9/19/2018 28 1.6 1.6]1.5] 2.0 28123 /09]1.7(12 Moderate
C-4 Centre|9/19/2018 1.1 (0405 Low
C-5 East 9/19/2018|1.4 1.9 121411913 1.9 (0.7]1.0 1.6 Moderate*
Fish and Study Area-Wide 38 1.7 1.2]1.7]1.8] 3.1 38(3.3[1.2[2.1 Moderate
amphibians

*A moderate risk ranking was provided because three HQs were close to 2.0 (1.9),seven individual PAHs had HQs>1.0 and lead
HQ>1.0
This table only present HQs>1.0. Sample-specific HQs are provided in Table 4 after the text.
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Table 8-2: Risk Categories and Associated Criteria Used to Rank Sediment Samples
Presented in Table 8-1 Based on Analytical Chemistry

Chemistry Risk o
Catego)rlies St
Low Mean HQ-Q for PAHs < 1 and all HQ < 2;
Moderate Mean HQ-Q for PAHs > 1 and at least one HQ =2 but < 5
High Mean HQ-Q for PAHs > 1 and at least one HQ = 5

For metals, HQs greater than 1.0 were obtained for cadmium, copper, lead and zinc, each in one
sample only. These HQs were of low magnitude (1.1 to 1.6). An HQ of 1.2 was obtained for
cadmium for sample C-4 West collected in September 2018. Note that SLR re-sampled location
C-3 West and C-4 West in October 2019 and found that the HQs for copper and zinc were below
1.0 in this sample. Study area-wide HQs for metals were less than 1.0. indicating negligible risk
based on the community level. Based on the above observations, metals in surface sediment are
not considered to be risk drivers in the study area for non-SAR species.

The HQs obtained for nutrients (for which TRVs were available) were less than 1.0, indicating that
direct risks from nutrients exposure were negligible.

HQs greater than 1.0 were obtained for one or more individual PAHs at several locations
including: G-1 Comp, C-1 West, C-2 West, C-3 West and Centre, C-4 West and Centre, and C-5
East (Table 8-1). The HQs summarized in Table 8-1 indicate that potential risks are present in the
study area for aquatic plants and benthic invertebrates exposed to PAHs in sediment. Generally,
the magnitude of HQs and number of individual PAHs with HQs above 1.0 are highest at the
upstream locations. HQs greater than 4 were only obtained at G-1 Comp and G-1 West in
September 2018.

The individual PAH HQs presented in Table 8-1 were obtained by dividing individual PAH
concentrations by the corresponding TRV. The resulting HQs show that the sediment samples
have generally more than one PAH with an HQ greater than 1.0, and that the magnitudes of the
HQs vary among individual PAHs and sampling locations. In addition, Table 8-1 shows that an
HQ for total PAHs may be less than 1.0, while in the same sample several individual PAHs have
HQs greater than 1.0. The PAHs HQ-Qs indicate that, based on chemistry only, location G-1
Comp and C-1 West (in 2018) contributed the most to the potential risks.

8.1.2 Fish and Amphibians

Study-area wide HQs greater than 1.0 for fish and amphibians were obtained for exposure to
PAHSs only (Table 8-1; Study Area wide HQs). These HQs indicates that there is a potential risk
for fish and amphibians exposed to PAHSs in sediment.

8.1.3 Invertebrates Species at risk

As indicated in Section 5.2.3, one SAR mussel species, Lilliput (Toxolasma parvum), has been
observed in Cootes Paradise and Princes Point near the study area. For this reason, potential
risks were conservatively assessed for SAR invertebrates based on lower-level TRVs. The
resulting HQs are provided in Table 5 after the text. HQs above 1.0 were found at all sampling
locations for most individual PAHs, metals and nutrients and indicated that risks to SAR
invertebrates from exposure to sediment were likely.
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8.2 Surface Water HQs

SLR calculated HQs based on the maximum concentration to evaluate the risk to aquatic plants,
invertebrates, amphibians and fish. For invertebrates, HQs were calculated using TRVs protective
of both the community as a whole and individual species, to account for the potential presence of
SAR. HQs were also calculated on an individual sample-basis for COPC for which potential risks
were identified on a study area wide basis. HQs for all final COPCs are provided in Table 6
following the text.

8.2.1 Invertebrates

The HQs for invertebrates (benthic and zooplankton) exposed to COPCs in surface water are
presented in the table below. HQs greater than 1 for invertebrates on a community level were
calculated for aluminum and nitrite (as N). HQs were above 1 for aluminum, nitrite (as N) and
iron when calculated on an individual basis.

Table 8-3: Invertebrate Hazard Quotients (HQ) for Surface Water
TRV HQ
EPC / TRV
S EPC (HglL) ( )
(MglL) Community Individual Community (Non- Individual
(Non-listed) (Listed) listed) (Listed)

Aluminum 598 320 100 1.9 6.0
Iron (total) 1340 1740 300 0.8 4.5
nitrite (as N) 280 60 60 4.7 4.7

Bold HQ >1

On a sample-specific basis, six of seven samples had HQs above 1 for invertebrates exposed to
iron (total) when calculated on an individual (SAR) level. All HQs were below 1 for invertebrates
(community-level). HQs for nitrite (as N) were above 1.0 at all sample locations on both a
community and individual level.

Four of seven samples had HQs above 1 for aluminum (total) for invertebrates (community level),
while all sample locations had HQs > 1 when calculated on an individual (SAR) level. However,
all HQs were below 1 when calculated using dissolved aluminum concentrations.

8.2.2 Agquatic Plants

The HQs for aquatic plants exposed to COPCs in surface water are presented in the table below.
HQs greater than 1 for aquatic plants were calculated for aluminum and nitrite (as N).
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Table 8-4: Aquatic Plant Hazard Quotients (HQ) for Surface Water

EPC TRV HQ

A (uglL) (HglL) (EPC / TRV)
Aluminum 598 460 1.3
Iron (total) 1340 1740 0.8
nitrite (as N) 280 60 4.7

Bold HQ >1

On a sample-specific basis, HQs greater than 1.0 were calculated for nitrite (as N) at all seven
sample locations. HQs greater than 1.0 were also calculated for total aluminum (2 of 7 locations),
however all HQs were below 1.0 when calculated using dissolved aluminum concentrations. HQs
for iron (total) were below 1.0 for aquatic plants at all sample locations.

8.2.3 Fish

The HQs for fish exposed to COPCs in surface water are presented in the table below. HQs
greater than 1 for fish were calculated for aluminum, iron and nitrite (as N).

Table 8-5: Fish Hazard Quotients (HQ) for Surface water

EPC TRV HQ
SlRT (bglL) (MglL) (EPC / TRV)
Aluminum 598 200 3
Iron (total) 1340 300 45
nitrite (as N) 280 60 4.7

Bold HQ >1
On a sample-specific basis, six of seven samples had HQs above 1 for fish exposed to iron (total)
in surface water. HQs > 1 were also calculated at 6 of 7 samples for aluminum (total), however

all HQs were below 1 when calculated using dissolved aluminum concentrations. HQs were also
below 1 for fish exposed to nitrite (as N) for all surface water samples.

8.2.4 Amphibians

The HQs for amphibians exposed to COPCs in surface water are presented in the table below.
HQs greater than 1 for fish were calculated for aluminum and nitrite (as N).
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Table 8-6: Amphibian Hazard Quotients (HQ) for Surface water

EPC TRV HQ

A (uglL) (HglL) (EPC / TRV)
Aluminum 598 320 1.9
Iron (total) 1340 1740 0.8
nitrite (as N) 280 60 4.7

Bold HQ >1

On a sample-specific basis, all seven samples had HQs above 1 for amphibians exposed to nitrite
(as N) in surface water. HQs > 1 were also calculated at 4 of 7 samples for aluminum (total),
however all HQs were below 1 when calculated using dissolved aluminum concentrations. HQs
were also below 1 for amphibians exposed to iron (total) in all surface water samples.

8.2.5 Interpretation of Surface Water Results

Potential risks were identified for invertebrates (non-listed), aquatic plants and amphibians due to
aluminum (total) and nitrite (as N) concentrations in surface water. Potential risks were also
identified for fish and invertebrate SAR (if present) due to exposure to all final COPCs (aluminum,
iron and nitrite (as N)).

HQs for aluminum in surface water were above 1 for total aluminum concentrations only. When
using dissolved aluminum concentrations, calculated HQs were below or equal to 1 for all receptor
groups. It is noted that most of the bio-reactive aluminum is likely to be in the dissolved fraction,
and the dissolved aluminum concentration excludes particulate aluminum which is less likely to
be biologically reactive (BC ENV 2001). Based on the HQs for dissolved aluminum, risks to
aquatic receptors are considered negligible.

Although aluminum, iron (total) and nitrite were identified as final COPCs in surface water, with
the exception of nitrite these parameters were not identified as COPCs in sediment. No final
sediment COPCs were identified as final COPCs in surface water, indicating that sediment is
likely acting as a contaminant sink rather than a source. As noted in Section 5.4.1, most of the
stream flow directly results from storm water input (HC 2008), therefore surface water
concentrations are likely to vary significantly between high and low-flow events. In addition, as
noted in Section 6.1.3, Chow-Fraser (1996) documented historically high nutrient conditions in
the creek (circa 1996) and linked the high nutrients levels in Chedoke Creek to the CSOs prior to
the discharge event.

Although potential risks to select receptors were identified due to exposure to surface water,
based on the COPCs present compared to those in sediment, the historical water quality
conditions in Chedoke Creek and the variability in surface water concentrations, surface water is
unlikely to be the risk-driver for aquatic life within the study area.

HQs were not calculated for phosphorus as no TRVs were available. Although phosphorus
concentrations in surface water within the study area exceed the benchmark for excessive algal
growth of 30 pg/L, surface water phosphorus levels are expected to be highly variable, and no
algae blooms were observed within Chedoke Creek during the site visits.
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8.3 Lines of Evidence (LOEs) for Select 2019 Sediment Samples

As indicated in Section 4.0, SLR collected several lines of evidences (LOESs) including, chemistry,
toxicity and benthic invertebrate community structure data to assess potential risks to benthic
invertebrates from sediment contamination.

Concentrations of contaminants in sediment may exceed the applicable guidelines; however,
contaminant concentrations are not necessarily strongly correlated with bioavailability and
toxicity. Because relationships between concentrations of contaminants in sediment and their
bioavailability are poorly understood, determining effects of contaminants in sediment on aquatic
organisms often requires a combination of approaches, including controlled toxicity tests and
measures of effects on benthic communities inhabiting sediments (Ingersoll et al., 1997).

While individual measurement tools for assessing sediment contamination each have an inherent
level of uncertainty associated with their application, the uncertainty associated with an overall
risk assessment of sediment contamination is reduced by integrating these tools. The use of
sediment chemistry, sediment toxicity, and benthic community data together establishes a weight
of evidence linking contaminants in sediment to adverse biological effects (EC and MOE, 2008).
The integration of multiple LOEs using a weight of evidence approach has the potential to
substantially reduce uncertainty associated with risk assessment of contaminated sediments and
will improve management decisions.

8.3.1 Approach
Additional assessment was conducted on a sub-set of locations in 2019 to obtain information from

multiple LOEs for integration into a WOE analysis. The rationale for sample selection for the
toxicity testing and BICS analysis LOEs is summarized below:

e Samples with a range of COPC concentrations were selected to represent the range
detected across the study area; and

e Sediment samples were collected from areas noted to have the “worst-case” COPC
concentrations based on previous sediment sampling events.

The locations that comprised the multiple LOEs assessment are presented below in Table 8-7.

Table 8-7: Summary of 2019 Sediment Samples with Additional Lines of Evidence

) Lines of Evidence

Location Chemistry Toxicity BICS

C-1 West ~ ~ ~

G1* ; N

G4 \ \ \

C-3 West N N N

C-3 Centre / G5 \ \ \

C-4 West \ \ \

C-5 East / G6 \ \ \

R1 (Red Hill) - \

*substrate at G1 and R1 are comparable and consist of cobble/gravel which did not allow for chemistry or toxicity analysis
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Toxicity tests were used as a line of evidence to evaluate sediment quality at AEC 5, consistent
with the Canada-Ontario Decision-Making Framework for assessment of contaminated sediment
(EC and MOE, 2008) and Federal Contaminated Sites Action Plan (FCSAP) Guidance (EC,
2012). These documents recommend toxicity testing when bulk chemistry indicates that adverse
effects may occur such as when one or more sediment COPCs exceed the applicable guidelines
and/or background concentrations.

BICS analysis considers site-specific information integrating the fact that the potential effects may
be due to elevated chemistry but also to other biological and physical stressors (e.g., particle size,
competition/predation).

The results of each of the LOEs are discussed independently below and integrated in a weight of
evidence (WOE).

8.3.2 Chemistry Line of Evidence

The 2019 sampling program targeted the locations with highest PAHs concentrations. However,
the 2019 results had lower PAHs concentrations than those obtained in 2018. Only two samples,
C-3 West and C-4 West had HQs greater than 1.0 for individual PAHs (Table 4, after the text).
The categories and criteria used to describe the risks potentially associated with the 2019
samples are presented in Table 8-2. The following risk categories were obtained for the 2019
sediment samples using these criteria.

Table 8-8: 2019 Sediment Samples Risk Categories

Location Risk Category

C-1 West Low — HQ-Q for PAHs was 0.6 and no HQs > 2
G1 Low — HQ-Q for PAHs was 0.6 and no HQs > 2
G4 Low — HQ-Q for PAHs was 0.6 and no HQs > 2

C-3 West Moderate — HQ-Q for PAHs was 1.3 and 2 HQs = 2

but <5 (2.1 and 3.0)

C-3 Centre / G5 Low — HQ-Q for PAHs was 0.6 and no HQs > 2
C-4 West Low — HQ-Q for PAHs was 0.6 and no HQs > 2
C-5 East/ G6 Low — HQ-Q for PAHs was 0.6 and no HQs > 2

8.3.3 Toxicity Test Line of Evidence

The toxicity test LOE identifies risk categories based on the survival and growth results for the
freshwater midge (C. dilutus) and the freshwater amphipod (H. azteca), as described in Section
7.2

According to the framework provided by EC and MOE (2008), “sediments with less than a 20%
difference between controls and test/reference sediments are not considered to be toxic, even if
the difference is statistically significant”. For this reason, the toxicity test results were further
assessed using the typical approach in a sediment quality triad to interpret the magnitude of the
response (McDonald 2003, EC and MOE, 2008). The toxicity tests results were categorized into
one of three risk categories based on the adverse effect (toxic response) elicited, as shown below
in Table 8-9.
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Table 8-9: Risk Categories and Criteria for Toxicity LOE

Risk Categories Criteria
A reduction of less than 20% in all of the test endpoints is considered indicative of a negligible
Low biological effect (e.g., more than 80% survival).
A reduction greater than 20% but less than 50% in one or more of the test endpoints is considered
Moderate indicative of a moderate biological effect (e.g., less than 80% survival but greater than 50% survival).
Hi A reduction greater than 50% in one or more of the test endpoints is considered indicative of a severe
igh L 0 .
biological effect (e.g., less than 50% survival).

HQ = hazard quotient

The resulting risk categories and a summary of the results used to assign the categories to each
sample are presented in the table below.

Table 8-10: Risk Categories for the Toxicity Testing LOE

Sample Risk Category (based on the magnitude of toxicity response relative to lab control)
C-1 West Moderate - - no reduction in C. dilutus survival or growth; 8% decrease in H. azteca survival,
29% decrease in H. azteca growth
G1 -
G4 High - no reduction in C. dilutus survival or growth; 35% decrease in H. azteca survival, 64%
decrease in H. azteca growth
C-3 West High - no reduction in C. dilutus survival or growth; 51% decrease in H. azteca survival, 79%
decrease in H. azteca growth
C-3 Centre / G5 Moderate - - no reduction C. dilutus survival or growth; 12% decrease in H. azteca survival,
43% decrease in H. azteca growth
C-4 West High - no reduction in C. dilutus survival or growth; 98% decrease in H. azteca survival, 57%
decrease in H. azteca growth
C-5East/ G6 High - no reduction in C. dilutus survival or growth; 39% decrease in H. azteca survival, 71%
decrease in H. azteca growth

There were no differences (significant or greater than 20%) in C. dilutus survival and growth
between any of the sample locations and the negative laboratory control. A low risk ranking is
obtained for all samples based on the C. dilutus toxicity test. The moderate and high risks
rankings are based on the H. hazteca toxicity test.

A review of the chemistry results was completed to identify the potential risk-drivers. The review
focuses on the H. azteca survival endpoint. The sample with the greatest reduction in mean
percent survival (98%) for H. azteca were C-4 West followed by C-5 East/G6 and C-3 West. A
comparison of the chemistry results to the TRV indicated that 2 PAHs and zinc were above the
TRVs in C4-West and that 6 PAHs were above the TRVs in C-3 West. PAHs and metals in all
other samples were below the TRVs (Table 8-11). BV noted that a strong hydrocarbon odour was
noticed in all replicates of sample C-4 West at the end of the test. The results indicated that PAHs
likely contributed to the adverse effects seen in C-4 West and C-3 West. H. azteca difference in
sensitivity to PAH mixtures in sediment appears to be two-fold compared to chironomids
(Verrhiest et al. 2001). While TKN and phosphorus were below the sediment TRV, the highest
level of TKN and phosphorus were obtained in C-4 West and C-3 West. In addition, the highest
level of total ammonia in sediment and in the overlying water at the test initiation were obtained
in C-4 West and C-5 East. Total ammonia decreased during the 14-day toxicity test, which
indicates that it is linked to the study area and not an artifact of the tests. Total ammonia likely
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contributed to the observed adverse effects as H. azteca is more sensitive to ammonia than C.
dilutus.

C-4 West, C-3 West and C-5 East/G6 also had the highest porewater BOD. The toxicity test
procedure included aeration of the samples and dissolved oxygen, measured every second days,
ranged from 8.2 mg/L to 8.6 mg/L. Environment Canada (2017) indicated that H. azteca can be
exposed to low levels of oxygen for an extended period of time, with reported 96-h and 30-d
LC50s less than 0.3 mg O2/L. For this reason, in controlled laboratory conditions, dissolved
oxygen levels are not considered to have contributed to the observed toxicity.

Table 8-11: COPCs above TRV in Samples Submitted for Toxicity Tests

Sample PAHs Metals Nutrients
C-5 East / G6 <TRV <TRV <TRV
C-4 West 2 PAHs > TRV Zinc >TRV <TRV
C-3 West 6 PAHs > TRV <TRV <TRV
C-3 Centre / G5 <TRV <TRV <TRV
G-4 <TRV <TRV <TRV
C-1 West <TRV <TRV <TRV

8.3.4 BICS Line of Evidence

The sediment samples were submitted for BICS analysis as described in Section 7.3. A reference
location with a comparable substrate was not found during the 2019 field sampling program. For
this reason, an evaluation of potential risks based on comparison to a reference site with soft
sediment could not be completed.

The benthic community in the study area is dominated by taxa that are tolerant to environmental
stress and urbanization. The cluster analysis completed to assess differences in community
structure among the 2019 benthic invertebrate sampling locations indicated that the invertebrate
communities were not statistically distinguishable, except for the community at location G1 which
had a lower number of species and total specimens count. Based on these results, there was little
support for classifying degrees of impairment among locations (except for G1). Therefore, a very
poor impairment rating (based on the HBI) was assigned to all locations based on the presence
of pollution stress-tolerant taxa in 2019.

8.3.5 Weight of Evidence

The final step within the benthic community assessment was to integrate the three LOEs (results
of the chemistry, toxicity and BICS) into an overall weight of evidence (WOE) on a sample by
sample basis. Each location was assigned a final risk ranking based on the integrated risk
category results for the three LOEs.

The final WOE risk rankings were assigned as follows:
¢ Negligible Risk Ranking — risk category of low in the chemistry and toxicity LOEs; BICS
does not show impairment.

o Low Risk Ranking — risk category is low in at least 2 of the 3 LOEs. None of the LOEs
have a risk category of high; BICS shows minimal impairment (HBI very good to good).
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o Moderate Risk Ranking - risk category of low or moderate in at least 2 of 3 LOEs. Only
one LOE with a high LOE risk category if combined with at least one low LOE risk category.

¢ High Risk Ranking - risk category of high in 2 of 3 LOEs, or one high combined with two
moderate LOE risk categories. Shows a severe level of effects (reduction greater than
50% in survival in one or more toxicological endpoints).

BICS data is usually considered as the strongest LOE and can be assigned more weight
compared with the other LOEs; for example, EC and OMOE (2008) recommend that remediation
decisions be based on biology (i.e., BICS results). However, there is a moderate level of
uncertainty related to the results of the BICS analysis as an adequate reference could not be
found for comparison. Therefore, equal weighting was assigned to both the toxicity and BICS
LOEs, rather than weighting one over the other. In addition, the results of the toxicity tests and
BICS were aligned in that there was no toxicity observed in the chironomid toxicity test and
chironomids were observed to be the dominant species in the study area.

The LOE risk classifications assigned to the seven sediment locations are summarized in Table
8-12. Uncertainties related to the LOEs are discussed in Section 9.0.

Table 8-12: WOE Risk Rankings for Sediment Samples

. : WOE Risk
_ Risk Categories Ranking
Location Chemistry Toxicity LOE | Toxicity LOE BICS LOE
LOE C. dilutus H. azteca
C-1 West Low Low Moderate HIBrTszwr;gc;or Moderate
. High (only one
o s, | o
yp uncertainty)
High (growth Impaired - .
G4 Low Low end point only) | HBI very poor High
C-3 West Moderate Low High H'E';T‘\’/z"r;g;or High
C-3 Centre / G5 Low Low Moderate HIBTF\)/ZIrr;S)o_or Moderate
C-4 West Low Low High Hm?rr;?);or High
C-5 East/ G6 Low Low High HET‘Ji"rff)Jor High

9.0 UNCERTAINTY ANALYSIS

There are four broad types of uncertainty which parallel each of the main stages of a risk
assessment, and their inherent assumptions. These types of uncertainty are listed below and
briefly discussed in the context of the ERA in the remainder of this section.

Problem formulation uncertainties
Exposure assessment uncertainties
Toxicity/effects assessment uncertainties
Risk characterization uncertainties
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9.1 Problem Formulation Uncertainties
9.1.1 Data Collection and Evaluation Uncertainties

Quantitative components within risk assessments are only as accurate as the accuracy of
chemical characterization of media in both space and time. Data representative of current
conditions to which receptors may be exposed have been considered in this risk assessment.

Risk assessments rely on the accuracy of the parameter characterization and analysis performed
at a site. The data used in this report was collected by several agencies over the period of 2018
to 2019 and data used to analyze trends dated back to 2003. All of the data considered in the risk
assessment is believed to be of good quality. The chemical analyses for the 2018 and 2019 data
were performed by BV and the City of Hamilton laboratory. Both laboratories are accredited by
the Canadian Association for Laboratory Accreditation. Laboratory Quality Assurance Quality
Control (QA/QC) samples including blanks, duplicates, and matrix spikes are routinely run with
analytical samples, and laboratory data meets all quality objectives prior to being released. SLR
also has a standardized corporate QA/QC program which includes following SLR’s standard
operating procedures and standard industry practices, performing quality checks on historical
data.

No PAHs were detected in surface water during the surface water sampling program, however
the laboratory detection limits were above the PWQOs or CCME WQGs for select PAH
parameters (anthracene, benz(a)anthracene, benzo(g,h,i)perylene, benzo(k)fluoranthene,
chrysene, dibenz(a,h)anthracene, fluoranthene, fluorene, perylene, phenanthrene and pyrene).

With the exception of phenanthrene, all of the PAH parameters with detection limits above criteria
are high molecular weight (HMW) PAHs with low solubility. PAHs released into water bodies will
strongly adsorb to sediments and suspended matter, and HMW PAHSs tend to be less soluble than
LMW PAHSs, therefore HMW PAHSs are unlikely to be present in surface water. Phenanthrene is a
LMW PAH, and therefore has the potential to be in surface water. However, although the detection
limit for phenanthrene is above the PWQO, it is below the CCME WQG, therefore uncertainty
associated with phenanthrene concentrations in surface water is low.

Based on the comprehensive QA/QC protocols performed on the data by the laboratory and by
SLR, the analytical data is considered to be of good quality and suitable for use in the ERA.
Consequently, it is considered unlikely that the uncertainties associated with the laboratory
analytical data may have significantly underestimated media concentrations so as to impact the
identification of COPCs in the study area.

Though every effort was made to include a local sediment reference location in a comparable
urban creek, i.e., Red Hill Creek, due to the nature of the substrate (i.e., cobble) no reference
sediments suitable for chemical or toxicological analyses were identified.

9.1.2 COPC Screening Uncertainties

The COPC screening process is designed to be conservative to avoid inadvertently omitting
substances which may adversely affect ecological receptor populations during the screening
analysis. The conservative nature of the screening process is predicated on using the maximum
concentrations from each dataset and using low level type screening values (e.g., PWGO or
PSQG LELSs).
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9.1.2.1 Depth-Specific COPC Screening

As noted in Section 4.3.1, COPC screening was completed for the shallow sediment (0-0.15 m)
dataset to assess risks where the majority of ecological life may be exposed (MOE 2008).
Following MECP guidance, deeper sediment (i.e., greater than 0.15 m) has also been considered
to determine whether significant depth-specific differences were present, and to evaluate
uncertainties should surficial sediment be removed and deeper sediment exposed. The deep
(>0.15 m) sediment dataset was provided in Appendix D, and the results of the COPC screening
for the deep dataset is provided in Appendix H. A summary of the COPCs for the deep sediment
dataset is provided in the table below. For comparison, the shallow COPC screening results are
also provided.

Table 9-1: Depth-Specific Sediment COPC Summary

Sediment (0-0.15)

COPC Group (See Section 5.4.2.1)

Sediment (>0.15)

Arsenic, cadmium, chromium, copper, Arsenic, cadmium, chromium (I1+V1),

Metals ; .
lead, manganese, mercury and zinc copper, lead and zinc

Acenaphthylene, acenaphthene,
anthracene, benz(a)anthracene,
benzo(g,h,i)perylene
benzo(k)fluoranthene, benzo(a)pyrene,

PAHs chrysene, dibenz(a,h)anthracene,
fluoranthene, fluorene
indeno(1,2,3-cd)pyrene,

2- methylnaphthalene, naphthalene,
phenanthrene, pyrene and total PAHs

Total Kjeldahl nitrogen (TKN) and Total Kjeldahl nitrogen (TKN) and
phosphorus phosphorus

Acenaphthene, anthracene,
benz(a)anthracene, benzo(g,h,i)perylene
benzo(k)fluoranthene, benzo(a)pyrene,
chrysene, dibenz(a,h)anthracene,
fluoranthene, fluorene
indeno(1,2,3-cd)pyrene,

2- methylnaphthalene, naphthalene,
phenanthrene, pyrene and total PAHs

Nutrients

As shown in Table 9-1, all shallow sediment COPCs were also identified as COPCs in the deep
dataset (0.15+) with the exception of manganese, mercury and acenaphthylene. There is
uncertainty associated with the concentrations of manganese and mercury in deep sediment,
since these parameters were not analysed as part of the 2018 program. Acenaphthylene was not
selected as a COPC since it was not detected in the deep sediment. Although the detection limit
exceeded the screening benchmark (ISQG), uncertainty with the selection of this parameter as a
COPC is low, since it is also assessed as part of total PAHSs.

9.1.2.2 Uncertain COPCs

For sediment and surface water, a parameter was retained as a COPC if the maximum
concentration exceeded the applicable screening benchmark described in Section 2.0. If no
benchmark was available for a parameter, it was retained as an uncertain COPC. Uncertain
COPCs retained in sediment and surface water are summarized in the table below.
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Table 9-2

Uncertain COPC Summary

COPC Group

Uncertain
COPC

Receptor Group
(Exposure Pathway)

Uncertainty Level
(Low/Medium/High)

Low; naturally occurring in aluminosilicate silts and

Aluminum clays, which are common in southern Ontario.
Aquatic Life Low; 95%UCLM for antimony of 0.93 mg/kg is below
Metals Antimony (Direct Contact) the Table 1 background concentration for soil of 1
mg/kg (MOE 2011a).
Silver No aquatic TRVs available for sediment
1 Aquatic Life Low; 2-methylnaphthalene assessed. No guidelines
PAHs . or toxicity values specific to 1-methylnaphthalene are
methylnaphthalene (Direct Contact) available
Ammonia and
Nutrients ammonium (as N) Aquatic Life Low; algae blooms not observed during site visits.
ammonia as N (Direct Contact) Nutrients generally elevated in the watershed.
nitrogen (total)
Bacteria Fecal Coliforms Aquatic Life Low; E. coli is the most suitable and specific indicator
(Direct Contact) of fecal contamination (MOE 1994).

Surface Water

Iron (total) Wildlife Low; below available human health drinking water
Metals manaanese (Ingestion of Drinking guidelines®
9 Water)
PAHs None None -
Aquatic Life L
. . . Low; algae blooms not observed during site visits.
Nutrients Kjeldagtglltrogen (Dlrevﬁlt”gﬁgtad) Nutrients generally elevated in the watershed. Other
silicon (Ingestion of Drinkin nutrients considered as COPCs in surface water
9 g based on available screening benchmark.
Water)
, Low; addressed as sediment COPCs, main concern
Bacteria - -

is human health

9.1.3 Receptor Identification Uncertainties

Aquatic plants were assessed at the community level. There are no documented aquatic plants
at risk in the study area. The level of uncertainty associated with considering this receptor at the
community level is considered to be low.

Aquatic invertebrates were assessed at the community level and at the individual level. There are
no documented aquatic invertebrates at risk in the study area; however, one SAR mussel species

'S Ontario human health drinking water values for iron and manganese are based on aesthetic objectives
(, therefore the Health Canada maximum allowable concentration (MAC) was selected for manganese (120
pg/L). No MAC was available for iron, therefore BC Contaminated Sites Regulation drinking water value for
iron (6500 pg/L) was selected.



Appendix "A" to Report PW19008(g)/LS19004(f)

Page 78 of 406
City of Hamilton SLR Project No.: 209.40666.00000
Ecological Risk Assessment — Chedoke Creek February 2020

has been documented in Cootes Paradise near the outlet of Chedoke Creek. Based on the lack
of survey sites within Chedoke itself, this SAR species has been retained for further assessment.
The level of uncertainty associated with considering aquatic invertebrates at the community and
individual levels is low.

Aquatic-dependent wildlife receptors were selected by identifying the bird and mammal species
potentially using the study area for all or parts of their life cycles. Field surveys were not conducted
specifically to determine the occurrence of potential wildlife species thus SLR wildlife observations
were incidental in nature and may have missed seasonal presence of some organisms.
Information on aquatic-dependent wildlife receptors was gathered from specialised databases
and past consultant reports, and a comprehensive list of species potentially present in the study
area was developed. The level of uncertainty associated with the selection of receptors of concern
is considered to be low.

9.1.4 Exposure Pathway Uncertainties

Only pathways considered to be complete and potentially significant were included for
quantification in the ERA. Identification of a complete exposure pathway is based on a rigorous
process. Pathways are considered complete if one or more constituents are present in a medium
under consideration, and if a route of entry (i.e., direct contact) is present. The decision regarding
whether a pathway is significant is based on several factors, including expected magnitude of
exposure (e.g., contaminant concentration, frequency and duration of exposure, etc.), likelihood
of exposure (e.g., based on site physical features, presence or absence of habitat), properties of
a parameter in a given medium, and availability of methods to quantify exposure.

9.2 Exposure Assessment Uncertainties
9.2.1 Estimated Exposure Concentrations

Use of the selected EPCs (95% UCLM for sediment, maximum for surface water) is conservative
and will tend to overestimate exposure. EPCs are not distributed evenly throughout the site.
Therefore, sediment EPCs are expected to overestimate exposure to aquatic ecological receptors
on a study area-wide basis.

Although there is uncertainty associated with a lack of seasonal data for surface water, the use
of maximum concentrations is likely to result in an over estimation of risk within the study area.

9.2.1.1 Depth-Specific EPCs

To assess the differences between sediment EPCs for the shallow and deep dataset, 95 UCLMs
were calculated for both datasets and compared. For PAHs, 13 of the 17 PAH parameters
analysed in both datasets were lower in the deep dataset than the shallow dataset, including total
PAHSs, which was 27% lower in the deep dataset (26.4 mg/kg in shallow, 19.3 mg/kg in deep).
The 95% UCLMs for the deep dataset were above the shallow dataset for acenaphthene,
fluorene, 2-methylnaphthalene and naphthalene. Based on the 95%UCLM concentration for total
PAHSs in the shallow dataset vs. the deep dataset, higher risks to aquatic receptors due to PAH
exposure are expected to result from exposure to shallow sediment, therefore uncertainty is
expected to be low.

95% UCLMs for 7 of the 16 metals parameters analysed in both datasets were higher in the deep
dataset than the shallow dataset (antimony, arsenic, barium, cadmium, chromium (total), lead and
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silver). Of these parameters, arsenic, cadmium, chromium (total) and lead were retained as final
COPCs in shallow sediment, while antimony and silver were identified as uncertain COPCs. There
is some uncertainty with the selection of EPCs for arsenic, cadmium, chromium (total) and lead
as the 95%UCLM concentrations for the deep sediment dataset would have resulted in higher
HQs for these parameters. However, since the shallow dataset represents the area where most
sediment-dwelling organisms live, uncertainty under current conditions is considered low. For
antimony uncertainty is low as the 95%UCLM for antimony is only marginally above the Table 1
Background Concentration for Soil (1.2 mg/kg vs. the Table 1 background concentration of 1
mg/kg). Uncertainty due to depth-specific differences in barium is also considered low as the
95%UCLM concentration for barium of 205 mg/kg in the deep dataset is below the Table 1
background concentration (210 mg/kg). The 95% UCLMs for the deep dataset were below the
shallow dataset for beryllium, boron, copper, molybdenum, nickel, thallium, uranium, vanadium
and zinc.

For nutrients, both the TKN and phosphorus 95% UCLM concentrations were higher in the deep
sediment dataset than the shallow, however the concentrations were comparable to the historical
ranges of TKN (120 to 1250 mg/kg) and TP (1000 to 1140 mg/kg) in sediment described in Section
6.1.3. Depth-specific uncertainty related to nutrients is considered low.

9.3 Effects Assessment Uncertainties

Toxicity information for many parameters is often limited. Consequently, there are varying
degrees of uncertainty associated with the toxicity values used to determine risk estimates. These
uncertainties may result in overestimates or underestimates of risk. PEL-type TRVs were
selected for sediment for non-listed species and lower-level SQGs were selected for SAR
invertebrates (based on the potential presence of the Lilliput mussel).

TRVs for aquatic plants, fish and amphibians in sediment were not available from the sources of
information reviewed.

The PEC and PEL are developed based toxicity tests with benthic invertebrates as it is assumed
that benthic invertebrates are generally the organisms most exposed to the sediment and the
most sensitive of the aquatic life receptors. Based on this assumption, the uncertainty associated
with applying TRVs for benthic invertebrates to evaluate the potential risk to aquatic life is
considered to be low.

A TRV could not be identified for silver in sediment. Silver was retained as a COPC based on the
maximum concentration (3.3. mg/kg) exceeding the ON Sediment Table 1 Background
concentration of 0.5 mg/kg in eight out of the twenty-two sediment samples. The ERA indicated
that metals were not the risk drivers in the study area. The level of uncertainty associated with
the lack of a TRV for silver is expected to be low.

For surface water, LOAELs and NOAELs were selected from reputable agencies for listed and
non-listed species, respectively. The use of PEL- type TRVs for non-listed species and LOAELs
or NOAELSs for listed species was considered a conservative approach since these values have
been based on standardized approaches used by regulatory agencies using carefully scrutinized
toxicity datasets. The use of these values as TRVs is not expected to lead to underestimates of
risk.
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Iron Precipitate

Toxicity values for iron were selected based on reviewed toxicological studies, rather than
physical effects due to precipitation and creation of iron floc. The PWQO derivation document for
iron (MOE 1979) indicated that while there is considerable variation in acceptable concentrations
of iron, there is general agreement that the hydroxide precipitate interferes with respiration
through the chorion in fish eggs and impairs gill function of gill-breathing organisms by occlusion
of the lamellae. The PWQO for total iron was set at 300 ug/L to prevent the formation of ferric
hydroxide precipitate or “floc”. Evidence of significant iron precipitate within the study area was
not observed by SLR during the sit visits, therefore a toxicology based TRV was considered more
appropriate for assessment of iron effects to aquatic life. Should signs of iron precipitate be
observed in the future, further assessment may be required.

9.3.1 Toxicity Testing and BICS Analysis

Additional quantitative assessment was completed to assess risks to benthic invertebrates
exposed to COPCs in sediment. Chronic sediment toxicity tests were completed using 10 and
14-day survival and growth tests for the freshwater midge, C. dilutus and freshwater amphipod,
H. azteca, respectively. Testing evaluated significant differences between laboratory controls and
impacted samples for either survival or growth endpoints. A total of six impacted samples in the
study area were tested. The health histories of the test organisms used in the exposures were
acceptable as organism mortality did not exceed 10% during shipping. The tests met all validity
criteria outlined in the applicable reference methods. The level of uncertainty associated with the
toxicity testing LOE is moderate. A relatively high number of sediment samples were submitted
for toxicity testing based on the size of the study area; however, the sediment samples did not
necessarily capture the elevated chemistry associated with the highest HQs. There is a high level
of ecological relevance associated with this LOE as it assesses potential impacts using
biologically relevant organisms under controlled laboratory conditions.

The level of uncertainty associated with the BICS LOE is high. The data suggest that there is an
altered community structure due to past and ongoing point sources and nonpoint sources of
pollution and urbanization, and an adequate reference location could not be identified. However,
there is a high level of ecological relevance associated with this LOE as it directly measures site-
specific benthic community impacts.

Measurement errors can also influence the results of the BICS analysis, for example,
misidentification of benthic invertebrate species can affect the calculations of the metrics that are
used to classify sediment samples as impaired or not impaired. Since 100% of each sample was
identified (i.e. no sub sampling), measurement errors related to the BICS analyses are unlikely to
influence the results of the risk evaluation.

9.4 Risk Characterization Uncertainties

A combination of tools was used in this risk assessment to qualitatively and quantitatively
characterize risks to aquatic receptors. The derivation of a hazard quotient using a conservative
TRV to assess risk is a quantitative estimate designed to result in overestimation of risks. Risk
estimates attempt to address the variability in exposure point concentrations, or variability in
toxicity amongst individuals, by using conservative estimates for these factors. In doing so, the
deterministic approach generally overestimates risk, due to compounding/magnification of
conservative decisions and assumptions a risk assessor will make in each step or value used in
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the risk assessment. In addition, the uses of multiple LOEs to characterize overall risk to the
benthic invertebrates lowers the uncertainty.

10.0 SUMMARY AND CONCLUSIONS

The purpose of the ERA was to evaluate the potential risks to aquatic plants and invertebrates,
fish, amphibians and aquatic-dependent wildlife associated with exposure to contaminants of
potential concern (COPCs) in sediment and surface water in the study area. The ERA was
conducted in response to the sewage discharge.

Sediment (22 samples) and surface water (8 samples) samples collected in 2018 and 2019
represent the water and sediment quality within the study area. The sediment samples used to
assess risk in the ERA are located within the top 0 to 0.15 metres of sediment, which is most
commonly inhabited by aquatic organisms.

The conceptual site model (CSM) developed in this ERA identified potential pathways by which
aquatic life within the study area may be exposed to contaminants in sediment and surface water
(termed “complete exposure pathways”). Those exposure pathways include the following:

e Agquatic life such as aquatic plants and algae, invertebrates, fish and amphibians may have
direct contact with (i.e. ingest or absorb through skin contact) metals (arsenic, cadmium,
chromium, copper, lead manganese, mercury and zinc), PAHs (acenaphthylene,
acenaphthene, anthracene, benz(a)anthracene, benzo(g,h,i)perylene,
benzo(k)fluoranthene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, fluoranthene,
fluorene indeno(1,2,3-cd)pyrene, 2- methylnaphthalene, naphthalene, phenanthrene,
pyrene and total PAHs) and nutrients (TKN and total phosphorus) in sediment; and

e Aguatic life such as aquatic plants and algae, invertebrates, fish and amphibians may have
direct contact with (i.e. ingest or absorb through skin contact) metals (aluminum and iron)
and nutrients (nitrite and total phosphorus) in surface water.

Mammals and birds are not expected to have significant contact with contaminants in sediment
and surface water within the study area. Species in these groups are unlikely to spend significant
time within the study area due to the lack of food-sources and habitat within the study area and
the presence of more suitable habitat in nearby Cootes Paradise Marsh. In addition, based on the
results of the ERA, contaminants in sediment and surface water within the study area are not
likely to significantly accumulate in the food chain, and are therefore unlikely to pose a risk to
higher trophic level wildlife (i.e. carnivorous birds, mammals and reptiles).

The ERA assessed risks by calculating risk estimates known as hazard quotients, (or “HQs”) and
comparing to MECP recommended risk target levels. Risk estimates were calculated for both
mobile wildlife (i.e. amphibians, reptile and fish) and less mobile communities (i.e. aquatic plants
and invertebrates) by assessing exposure on a study wide, and on individual sample location
basis. Potential risks to aquatic life due to direct contact with contaminants in surface water were
calculated conservatively using the maximum measured concentration within the study area.
Where a potential species at risk (SAR) was identified, more conservative values were used to
calculate the risk estimate.

In summary, the risk estimate (i.e. HQ) evaluation identified the following:

e For the majority of aquatic life (i.e. non-species at risk), risks due to direct contact with
metals in sediment and surface water were low to negligible.
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¢ Risks were also negligible for non-SAR aquatic life and amphibians due to direct contact
with nutrients in sediment, however toxicity information was limited for some species
groups, so there is some uncertainty in the risk estimates for these receptors. Potential
risks were identified for these aquatic life and amphibians for nitrite in surface water.

e Potential risks were identified for aquatic life and amphibians for direct contact with PAHs
in sediment on a study-area basis. HQs greater than the risk target level were calculated
for one or more individual PAHs at several locations including: G-1 Comp, C-1 West, C-2
West, C-3 West and Centre, C-4 West and Centre, and C-5 East. Generally, the
magnitude of HQs and number of individual PAHs with HQs above 1.0 are highest at the
upstream locations.

e One SAR mussel species, Lilliput (Toxolasma parvum), has been observed in Cootes
Paradise Marsh and Princess Point near the study area. For this reason, potential risks
were assessed more conservatively for SAR invertebrates using lower toxicity values
protective of individuals rather than the overall community. HQs above the target level of
1.0 were found at all sampling locations for metals and/or PAHs in sediment and nutrients
in surface water, indicating likely risks to SAR invertebrates from exposure to sediment
and surface water.

The aquatic vegetation in the study area was qualitatively evaluated by SLR biologists during the
2019 field program. The aquatic plant life that was observed was consistent with what would be
expected, considering the context of the study area (i.e., based on the physical features and water
flow patterns of Chedoke Creek) and the surrounding urban landscape.

A weight of evidence (WOE) assessment was completed on a subset of sediment samples (seven
in total) to further evaluate risks to benthic invertebrates. Based on the WOE results, there is a
moderate to high potential for risks to benthic invertebrates inhabiting sediments in the study area.
However, the benthic community observed in the study area is consistent with that observed in
streams in similar urban watersheds (Coles et al, 2012). Urban development is often associated
with a loss of sensitive species and an increasing percentage of pollution tolerant species due to
a high percentage of impervious cover (i.e. concrete, asphalt, roof tops etc.) (Cole et al 2012).

The results of the ERA indicate that the contaminants in the study area sediment, as well as the
sediment oxygen demand resulting from the degradation of natural organic detritus (plants,
organisms etc.) and/or organic waste, likely limits the benthic invertebrate community makeup to
stress tolerant organisms. Review of the contaminant distribution indicates that elevated levels
of PAHSs, certain metals, nutrients and bacteria have been an ongoing issue in Chedoke Creek
sediment and/or surface water prior to and after the 2014-2018 discharge event, including in areas
upstream of the Main/King CSO.
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11.0 RECOMMENDATIONS

As indicated in the Introduction section this ERA was prepared in response to Director’'s Order
Number 1-MRRCX. Item 1 of the Order required a written report to include: ‘an evaluation of the
environmental impact to the creek from sewage discharged by the City between January 28, 2014
and July 18, 2018, an identification and evaluation of sewage remaining in the creek, identification
of any anticipated on-going environmental impacts to the creek as a result of the sewage spill,
and a review of options designed to remediate the creek and monitor the environmental condition
of the creek.’

The findings of this ERA and Wood (2019) indicated that some of the COPCs within the study
area sediment are likely associated with the 2014-2018 Main/King CSO discharge event.
However, both this ERA and the Wood Report (2019) indicated that the COPCs, as well as
sediment depositions within the study area, have many different point and nonpoint sources. In
addition, the various CSO and stormwater outfalls in the Chedoke Creek sub-watershed have
discharged sewage and stormwater prior to, during and subsequent to the 2014-2018 Main/King
CSO discharge. Wood completed an analysis of sediment in the study area to support the design
of remediation options and reported that “the sediment characteristics from the prior discharge
events are likely to be similar to, and indistinguishable from, the 2014-2018 Main/King CSO
discharge event” (Wood 2019). SLR agrees with this statement. In addition, the findings of the
ERA indicate that elevated concentrations of COPCs have been a persistent and ongoing issue
in Chedoke Creek sediment and/or surface water prior to and after the 2014-2018 discharge
event, including in areas upstream of the Main/King CSO.

Remediation options discussed in the Wood Report (2019) targeted solids and TKN loading from
the discharge. Wood (2019) indicated that approximately 90% of the total phosphorus mass load
appeared to have already been solubilized or transported downstream immediately following
taking corrective actions at the Main/King CSO tank overflow gate. Subsequent sediment
sampling has shown that TKN in surface sediment was below the PSQG LEL in all sediment
samples obtained in 2019. For the above reasons, it is not possible to target remediation to
COPCs and sediments solely associated with the 2014-2018 Main/King CSO discharge.

Although effects may be related in part to storm water and urban runoff and sewage, based on
the degraded conditions generally observed in the study area, and the fact that fecal bacteria are
still found in sediment, remediation may be beneficial, nonetheless. The proposed remediation
action plan (RAP) provided by Wood (2019) evaluated the following options:

e Physical Capping

e Chemical Inactivation
Direct Removal

e No-Action Alternative

The above proposed remediation options and no-action alternative are described in Wood (2019)
and briefly summarized and evaluated below using additional information not yet available when
Wood (2019) was prepared.

Physical Capping

“Physical capping is accomplished by applying a cover of clean material on top of the
contaminated sediment to effectively eliminate or reduce biogeochemical and physical interaction
with the overlying water column” (Wood 2019).
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Physical capping was not recommended by Wood (2019) based on the minimal water depth and
high flows within the study area, which would limit the effectiveness of this method. In addition,
the surface water sampling program completed in 2019 indicated that the metals and PAHs
present in elevated concentrations in the sediment were not COPCs in surface water. Based on
the findings of the ERA, physical capping is not recommended.

Chemical Inactivation

“Chemical inactivation of sediment is utilized worldwide to reduce the release of phosphorus from
sediments to the water column via processes such as diffusion and resuspension” (Wood 2019).

Chemical inactivation only addresses phosphorus and 90 percent of the phosphorus load is no
longer in the study area. The ERA indicates other sediment COPCs such as PAHs and certain
metals likely are primary contributors to the degraded sediment quality observed within the study
area. Chemical inactivation would not address these COPCs. Therefore, chemical inactivation
is not recommended.

Direct Removal

Wood (2019) recommended physical removal of the organic sediment within the study area as it
would “directly address the three primary sources of potential impairment including nutrient
contamination, bacteriological contamination, and habitat loss”. Hydraulic dredging was the
recommended method as it provides “an efficient means to remove the target sediments down to
a specific elevation without the need to disturb areas outside of the necessary dredge footprint”.
A conceptual dredge design is provided in Wood (2019).

While Wood (2019) identified the three primary sources of potential impairment as ‘nutrient
contamination, bacteriological contamination, and habitat loss’, SLR would identify additional
persistent COPCs such as PAHSs, and certain metals. Hydraulic dredging would likely address the
fecal coliform remaining in the surface sediment (<0.15 m). Except for one location (C3-West),
fecal coliforms were not detected in deeper sediment in 2018. However, hydraulic dredging may
not address nutrient contamination. Sediment results in 2019 indicated that TKN was below the
LEL. In addition, most of the total phosphorus load is no longer in the study area and total
phosphorus concentrations in sediment in Chedoke Bay were comparable to historical
concentrations. Thus, removal of key parameters associated with sewage discharge by dredging
may not be warranted as these parameters have not persisted subsequent to the Main/King CSO
discharge event. However, hydraulic dredging may address other COPC such as PAHs and
certain metals (e.g., copper) that are likely contributing to the adverse effects. In addition, dredged
areas would be subject to re-contamination resulting in temporary benefits of sediment removal.
For these reasons, advantages and disadvantages associated with dredging are shown
in Table 11-1.
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Table 11-1: Some Effects Associated with Sediment Removal
by Dredge in Chedoke Creek.

Advantages Disadvantages

o Improved sediment quality after o Disruption of aquatic habitat in dredged areas
removal of COPCs including removal of benthic organisms and aquatic

e The ongoing presence of fecal plants
bacteria that are still found in e Sediment removal may cause potential harm to a
sediment species at risk mussel

e Opportunity to enhance riparian e Short-term benefit given likelihood of re-
and aquatic habitat in dredged contamination of sediments given persistent presence
areas (although habitat of COPCs in Chedoke Creek sediments, unless
enhancement could occur even management of input water quality occurs
without dredging) e Temporary benefit may be shortened further if natural

re-colonization of dredged area is delayed given the
likely paucity of benthic invertebrate populations in
the upstream concrete channel reaches to provide
individuals to drift and re-populate lower reaches of
the Creek

e Low dissolved oxygen and continued inputs from
upstream urban runoff may limit re-colonization by
sensitive species

¢ Nutrient contamination typically associated with
sewage discharge have reduced to the extent that
TKN concentration is below LEL and most of the total
phosphorus load is no longer in the study area.
Furthermore, total phosphorus concentrations in
sediment in Chedoke Bay were comparable to
historical concentrations, thus the rationale to
address potential effects of the CSO discharge are
largely abated.

Given the strength of the disadvantages associated with direct sediment removal (dredging), and
that nutrients appear comparable to historical concentrations, this remedial activity is not
recommended at this time.

No-Action Alternative

The ERA has shown that PAHs, certain metals, nutrients and bacteria in surface water and/or
sediment have been an ongoing concern (above PSQG LELs or PWQOs) in Chedoke Creek
and/or Chedoke Bay and that the benthic invertebrate community makeup is limited to stress
tolerant organisms. In addition, toxicity tests completed in controlled laboratory conditions
indicated that the sediment elicited adverse effects in the amphipod H. azteca. Finally, while fecal
coliform concentrations have decreased since 2018, fecal coliforms are still detectable in surface
sediment. Fecal bacteria in sediment can form a reservoir of viable organism that can enter the
water column when the sediment is stirred (Mallin et al. 2007). However, these observed effects
are associated with numerous upstream sources other than the Main/King CSO discharge.

As reported above, most of the total phosphorus load is no longer in the study area and total
phosphorus concentrations in sediment in Chedoke Bay were comparable to historical
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concentrations in 2019. In addition, sediment samples show fecal coliform levels had decreased
in October 2019 compared to September 2018 and TKN in surface sediment was below the PSQG
LEL in all sediment samples obtained in 2019. These findings suggest no persistent, elevated
levels of nutrients in Chedoke Creek downstream from the King/Main CSO.

The Director’s Order required “an identification and evaluation of sewage remaining in the creek,
anticipation of any ongoing environmental impacts to the creek as a result of the sewage spill,
and a review of options designed to remediate the creek and monitor the environmental condition
of the creek.”

Options to remediate and monitor the creek were contingent on the assessment of impact. Given
that post-discharge levels of contaminants appear consistent with pre-discharge levels, no
ongoing impacts to the creek as a result of the sewage spill persist. Monitoring the environmental
condition of the creek as it relates to ongoing operations for the Main/King CSO is occurring.
Thus, remediation would appear unnecessary to address effects from the sewage discharge that
occurred from 2014 to 2018, and the ‘no action’ alternative is recommended.
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12.0 STATEMENT OF LIMITATIONS

This report has been prepared and the work referred to in this report has been undertaken by
SLR Consulting (Canada) Ltd. (SLR) for the City of Hamilton referred to as the “Client”. It is
intended for the sole and exclusive use of the Client. Other than by the Client and as set out
herein, copying or distribution of this report or use of or reliance on the information contained
herein, in whole or in part, is not permitted unless payment for the work has been made in full and
express written permission has been obtained from SLR.

This report has been prepared for specific application to this site and conditions existing at the
time work for the report was completed. Any conclusions or recommendations made in this report
reflect SLR’s professional opinion based on limited investigations including visual observation of
the study area, environmental investigation at discrete locations and depths, and laboratory
analysis of specific parameters. The results cannot be extended to previous or future site
conditions, portions of the site that were unavailable for direct investigation, subsurface locations
which were not investigated directly, or parameters and materials that were not addressed.
Substances other than those addressed by the investigation may exist within the study area; and
substances addressed by the investigation may exist in areas of the creek not investigated in
concentrations that differ from those reported. SLR does not warranty information from third party
sources used in the development of investigations and subsequent reporting.

Nothing in this report is intended to constitute or provide a legal opinion. SLR expresses no
warranty to the accuracy of laboratory methodologies and analytical results. SLR expresses no
warranty with respect to the toxicity data presented in various references or the validity of toxicity
studies on which it was based. Scientific models employed in the evaluations were selected
based on accepted scientific methodologies and practices in common use at the time and are
subject to the uncertainties on which they are based.

SLR makes no representation as to the requirements of compliance with environmental laws,
rules, regulations or policies established by federal, provincial or local government bodies.
Revisions to the regulatory standards referred to in this report may be expected over time. As a
result, modifications to the findings, conclusions and recommendations in this report may be
necessary.

The Client may submit this report to the Ministry of Environment Conservation and Parks and/or
related Ontario environmental regulatory authorities or persons for review and comment
purposes. These agencies may rely on the information contained in this report regarding the study
area, as described in this report. These agencies may copy the report as required to fulfil
regulatory obligations.

Report Author’s: Reviewed by:
&/W\ V‘?&mem
Kathryn Matheson Sam Reimer
Risk Assessor Technical Director — Risk Assessment
Qm(— (ichect
Celine Totman Gord Wichert
Senior Environmental Scientist Technical Director - Ecology
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DRAWINGS

Ecological Risk Assessment
Chedoke Creek

Hamilton, Ontario

SLR Project No.: 209.40666.00000
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Cadfile name: S_209-40666-00000-A3.dwg
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STUDY AREA REFERENCED FROM CITY OF HAMILTON WEB MAPPING SERVICE
ON PSQG LEL = ONTARIO PROVINCIAL SEDIMENT QUALITY

STORM SEWER GUIDELINE LOWEST EFFECT LEVEL ECOLOGICAL RISK ASSESSMENT
CSO OUTLET ON PSQG SEL = ONTARIO PROVINCIAL SEDIMENT QUALITY

GUIDELINE SEVERE EFFECT LEVEL FOR CHEDOKE CREEK

ON PSQG BACKGROUND = ONTARIO PROVINCIAL SEDIMENT

QUALITY GUIDELINE BACKGROUND

SAMPLE LOCATION

0 50 100 200 300m

SCALE 1:5,000
WHEN PLOTTED CORRECTLY ON A 11 x 17 PAGE LAYOUT
NAD 1983 UTM Zone 17 T

THIS DRAWING IS FOR CONCEPTUAL PURPOSES ONLY. ACTUAL
LOCATIONS MAY VARY AND NOT ALL STRUCTURES ARE SHOWN.
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APPENDIX A
Previous Environmental Investigations Sampling Locations

Ecological Risk Assessment
Chedoke Creek

Hamilton, Ontario

SLR Project No.: 209.40666.00000
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APPENDIX B
Laboratory Analytical Report

Ecological Risk Assessment
Chedoke Creek

Hamilton, Ontario

SLR Project No.: 209.40666.00000
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Attention: Celine Totman

SLR CONSULTING (CANADA) LTD
#200 - 1620 WEST 8TH AVENUE

VANCOUVER, BC
Canada Vel 1v4

BV LABS JOB #: B985653
Received: 2019/10/03, 16:09

Sample Matrix: Sediment
# Samples Received: 9
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Your P.O. #: PENDING
Your Project #: 209.40666.00000
Your C.O.C. #: g141143

CERTIFICATE OF ANALYSIS

Report Date: 2019/11/15
Report #: R2811669
Version: 2 - Final

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Total Coliforms (MTF) in Soil (4) 9 N/A 2019/10/17 COR1 SOP-00019 Health Can MFHPB-19
Ecotox Report Attachment 7 2019/11/15 2019/11/15
Escherichia Coli (MTF) in Soil (4) 9 N/A 2019/10/17 COR1 SOP-00019 Health Can MFHPB-19
Fecal Coliforms (MTF) in Solid (4) 9 N/A 2019/10/17 COR1 SOP-00019 Health Can MFHPB-19
Elements by ICPMS (total) 6 2019/10/09 2019/10/09 BBY7SOP-00004 / EPA 6020b R2 m
BBY7SOP-00001
Elements by ICPMS (total) 2 2019/10/09 2019/10/10 BBY7SOP-00004 / EPA 6020b R2 m
BBY7SOP-00001
Elements by ICPMS (total) 1 2019/10/10 2019/10/10 BBY7SOP-00004 / EPA 6020b R2 m
BBY7SOP-00001
Moisture 9 2019/10/08 2019/10/09 BBY8SOP-00017 BCMOE BCLM Dec2000 m
Ammonia-N (Available) (1) 9 2019/10/11 2019/10/11 AB SOP-00027 / AB SM 234500 NH3AGm
SOP-00007
PAH in Soil by GC/MS Lowlevel 9 2019/10/08 2019/10/10 BBY8SOP-00022 BCMOE BCLM Jul2017m
Total PAH and B(a)P Calculation (5) 9 N/A 2019/10/11 BBY WI-00033 Auto Calc
Phosphorus (Available by ICP) (1) 9 2019/10/12 2019/10/12 CAL SOP-00152 / AB SOP- EPA 6010d R5 m
00042
pH (2:1 DI Water Extract) 9 2019/10/09 2019/10/09 BBY6SOP-00028 BCMOE BCLM Mar2005 m
Total Carbon, Nitrogen & Sulphur in Soil (1) 9 N/A 2019/10/17 CAL SOP-00243 LECO 203-821-498 m
Texture by Hydrometer, incl Gravel (Wet) 9 N/A 2019/10/10 BBY6SOP-00051 Carter 2nd ed 55.3
Total Kjeldahl Nitrogen (Available) (2) 9 2019/10/11 2019/10/17 AB SOP-00027 / AB SOP- EPA 351.1R 1978 m
00008
Total Organic Carbon Soil Subcontract (3) 9 2019/10/15 2019/10/15

Sample Matrix: Water
# Samples Received: 9

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 9 2019/10/10 2019/10/15 BBY6SOP-00045 SM 23 5210B m
Sulphide (as H2S) 9 N/A 2019/10/16 BBY WI-00033 Auto Calc
Total Sulphide (1) 9 N/A 2019/10/15 AB SOP-00080 SM 23 4500 S2-A D Fm

Remarks:

Bureau Veritas Laboratories are accredited to ISO/IEC 17025 for specific parameters on scopes of accreditation. Unless otherwise noted, procedures used

Page 1 of 29

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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BUREAU
VERITAS

Your P.O. #: PENDING
Your Project #: 209.40666.00000
Your C.O.C. #: g141143

Attention: Celine Totman

SLR CONSULTING (CANADA) LTD
#200 - 1620 WEST 8TH AVENUE
VANCOUVER, BC

Canada Vel 1v4

Report Date: 2019/11/15
Report #: R2811669
Version: 2 - Final

CERTIFICATE OF ANALYSIS

BV LABS JOB #: B985653
Received: 2019/10/03, 16:09
by BV Labs are based upon recognized Provincial, Federal or US method compendia such as CCME, MELCC, EPA, APHA.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in BV Labs profession using
accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and BV Labs in writing). All
data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are reported; unless
indicated otherwise, associated sample data are not blank corrected. Where applicable, unless otherwise noted, Measurement Uncertainty has not been
accounted for when stating conformity to the referenced standard.

BV Labs liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed or implied.
BV Labs has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report. Interpretation and
use of test results are the sole responsibility of the Client and are not within the scope of services provided by BV Labs, unless otherwise agreed in writing.
BV Labs is not responsible for the accuracy or any data impacts, that result from the information provided by the customer or their agent.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods.

Results relate to samples tested. When sampling is not conducted by BV Labs, results relate to the supplied samples tested.

This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

“ n
m

Reference Method suffix indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

(1) This test was performed by BV Labs Calgary Environmental

(2) This test was performed by BV Labs Edmonton Environmental

(3) This test was performed by BV Labs Ontario (from Winnipeg)

(4) The matrix is non-food and is outside of the scope of the method. Sample(s) analyzed have not been subjected to Bureau Veritas Laboratories' standard validation process for
the submitted matrix and is not an accredited method.

(5) Total PAHs in Soil include: Quinoline, Naphthalene, 1-Methylnaphthalene, 2-Methylnaphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene, Anthracene,
Acridine, Fluoranthene, Pyrene, Benzo(a)anthracene, Chrysene, Benzo(b&j)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Indeno(1,2,3-cd)pyrene, Dibenz(a,h)anthracene,
and Benzo(g,h,i)perylene.

Total PAHs in Sediment include (B.C. Reg. 116/2018, Schedule 3.4): Naphthalene, 2-Methylnaphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene, Anthracene,
Fluoranthene, Pyrene, Benzo(a)anthracene, Chrysene, Benzo(a)pyrene, and Dibenz(a,h)anthracene.

Bureau Veritas Laboratories

. T .49:
Encryptlon Key AUTHORIZED REPDRT 15 Nov 2019 17:49:29

RAPFORT AUTORISE

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Safiann Maiter, Key Account Specialist

Email: Safiann.Maiter@bvlabs.com

Phone# (604)639-2616

BV Labs has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per ISO/IEC 17025, signing the reports. For
Service Group specific validation please refer to the Validation Signature Page.

Total Cover Pages : 2
Page 2 of 29

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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SLR CONSULTING (CANADA) LTD

Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

RESULTS OF CHEMICAL ANALYSES OF SEDIMENT

BV Labs ID WQ6244 WQ6245 WQ6246
sampling Date 20131;:1200/01 201%:1505/01 2013;21305/01
COC Number g141143 g141143 g141143

UNITS| BOAT LAUNCH |RDL| c Batch| € EG'L;ST/ rRoL| © EG‘:,)ST/ RDL| QC Batch
Misc. Inorganics
Available (KCI) Total Kjeldahl Nitrogen [mg/kg]  55(1) [ 12 [ 9630371 ] 120 [s0] 180(1) | 109630371
Ecotox
No Parameter | n/A | [ | | ATTACHED [N/A| ATTACHED |N/A| 9673836
Nutrients
Available (KClI) Ammonia (N) mg/kg 23 2.0 | 9623846 100 2.0 130 2.0 | 9623846
Available (NH4F) Phosphorus (P) mg/kg 1.6 1.0 | 9625759 1.8 1.0 1.7 1.0 | 9625759
Physical Properties
% sand by hydrometer % 22 2.0 | 9620237 36 2.0 28 2.0 | 9620237
% silt by hydrometer % 66 2.0 | 9620237 57 2.0 56 2.0 | 9620237
Clay Content % 12 2.0 | 9620237 7.3 2.0 16 2.0 | 9620237
Gravel % <2.0 2.0 | 9620237 <2.0 2.0 <2.0 2.0 | 9620237
Internal Sublet Analysis
Subcontract Parameter | N/A | ATTACHED |N/A| 9627061 | ATTACHED [N/A[  ATTACHED |N/A| 9627061

RDL = Reportable Detection Limit
N/A = Not Applicable

(1) Detection limits raised due to high moisture content, samples contain => 50% moisture.

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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SLR CONSULTING (CANADA) LTD

Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

RESULTS OF CHEMICAL ANALYSES OF SEDIMENT

BV Labs ID WQ6247 WQ6248 WQ6249
sampling Date 201191/:1405/01 2013;1300/01 2013{:1405/02
COC Number g141143 g141143 g141143

UNITS| C4WEST  |RDL|QC Batch| BLIND DUPLICATE [ RDL| QCBatch| C3WEST  |RDL|QC Batch
Misc. Inorganics
Available (KCI) Total Kjeldahl Nitrogen [mg/kg] ~ 330(1) [ 11 [ 9630371 ] 55(1) | 12 [ 9630371 | 95 | 5.0] 9630371
Ecotox
No Parameter | N/A | ATTACHED |N/A| 9673836 | || | ATTACHED |N/A[ 9673836
Nutrients
Available (KCI) Ammonia (N) meg/kg 190 2.0 | 9623846 32 2.0 | 9623846 26 2.0 | 9623846
Available (NH4F) Phosphorus (P) meg/kg 4.6 1.0 | 9625759 1.8 1.0 | 9625759 3.1 1.0 | 9625759
Physical Properties
% sand by hydrometer % 32 2.0 | 9620237 32 2.0 | 9620237 39 2.0 [ 9620237
% silt by hydrometer % 61 2.0 | 9620237 59 2.0 | 9620237 53 2.0 | 9620237
Clay Content % 7.3 2.0 | 9620237 9.4 2.0 | 9620237 8.0 2.0 | 9620237
Gravel % <2.0 2.0 | 9620237 <2.0 2.0 | 9620237 <2.0 2.0 | 9620237
Internal Sublet Analysis
Subcontract Parameter | N/A | ATTACHED |N/A| 9627061|  ATTACHED  |N/A| 9627061 ATTACHED [ N/A[ 9627061

RDL = Reportable Detection Limit
N/A = Not Applicable

(1) Detection limits raised due to high moisture content, samples contain => 50% moisture.
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SLR CONSULTING (CANADA) LTD
Client Project #: 209.40666.00000
Your P.O. #: PENDING

Sampler Initials: KAT

RESULTS OF CHEMICAL ANALYSES OF SEDIMENT

BV Labs ID WQ6250 WQ6251 WQ6252
Sampling Date 201362[108/02 201;92/:1500/02 201;)2:1200/02
COC Number g141143 g141143 g141143

UNITS G CEGNSTRE / G4 C1 WEST RDL| QC Batch
Misc. Inorganics
Available (KCI) Total Kjeldahl Nitrogen [mg/ke] 35 | 47 | 5.8 | 5.0] 9630371
Ecotox
No Parameter | N/A | ATTACHED | ATTACHED | ATTACHED |[N/A| 9673836
Nutrients
Available (KCl) Ammonia (N) mg/kg 13 27 3.6 2.0 | 9623846
Available (NH4F) Phosphorus (P) mg/kg 1.1 2.4 <1.0 1.0 | 9625759
Physical Properties
% sand by hydrometer % 83 49 69 2.0 [ 9620237
% silt by hydrometer % 11 45 27 2.0 [ 9620237
Clay Content % 4.3 5.9 4.0 2.0 | 9620237
Gravel % <2.0 <2.0 <2.0 2.0 [ 9620237
Internal Sublet Analysis
Subcontract Parameter | N/A | ATTACHED ATTACHED | ATTACHED |N/A| 9627061
RDL = Reportable Detection Limit
N/A = Not Applicable
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SLR CONSULTING (CANADA) LTD

Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

PHYSICAL TESTING (SEDIMENT)

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

BV Labs ID WQ6244 WQ6245 WQ6246 | WQ6247 WQ6248 WQ6249
Sampling Date 2019/10/01 | 2019/10/01 | 2019/10/01 |2019/10/01| 2019/10/01 |2019/10/02
piing 09:20 10:55 13:35 11:45 09:30 11:45
COC Number g141143 g141143 gl41143 | g141143 g141143 g141143
UNITs| BOAT LAUNCH| ©® E’;ST/ e 'ZZST/ C4 WEST | BLIND DUPLICATE| €3 WEST | RDL|QC Batch
Physical Properties
Moisture | % | 58 50 | s2 53 58 47 |o.30] 9619855
RDL = Reportable Detection Limit
BV Labs ID WQ6250 WQ6251 | WaQ6252
‘ 2019/10/02 |2019/10/02 | 2019/10/02
Sampling Date 10:18 12:50 16:20
COC Number g141143 gl41143 | g141143
units| © CZNSTRE/ G4 C1 WEST |RDL|QC Batch
Physical Properties
Moisture [ % | 23 | @ |0.30] 9619855
RDL = Reportable Detection Limit
Page 6 of 29
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SLR CONSULTING (CANADA) LTD
Client Project #: 209.40666.00000

Your P.O. #: PENDING
Sampler Initials: KAT

MICROBIOLOGY (SEDIMENT)

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

BV Labs ID wWQ6244 WQ6245 WQ6246 WQ6247 WQ6248 WQ6249
Sampling Date 2019/10/01 2019/10/01 | 2019/10/01 |2019/10/01 2019/10/01 2019/10/02
ping 09:20 10:55 13:35 11:45 09:30 11:45
COC Number g141143 g141143 g141143 g141143 g141143 g141143
UNITS BOAT LAUNCH ce EGA7$T/ e EGAGST / C4 WEST | BLIND DUPLICATE| C3 WEST |RDL|QC Batch
Microbiological Param.
E. coli MPN/100g 790 170 5400 2800 130 5400 20 [ 9632009
Fecal Coliforms MPN/100g 790 170 5400 2800 130 5400 20 | 9632015
Total Coliforms MPN/100g 9500 7900 13000 92000 230 92000 20 | 9632007
RDL = Reportable Detection Limit
BV Labs ID WQ6250 WQ6251 WQ6252
. 2019/10/02 2019/10/02 | 2019/10/02
Sampling Date 10:18 12:50 16:20
COC Number g141143 g141143 g141143
UNITS G CEGNSTRE / G4 C1 WEST |RDL|QC Batch
Microbiological Param.
E. coli MPN/100g 5400 2400 3500 20 | 9632009
Fecal Coliforms MPN/100g 5400 2400 3500 20 | 9632015
Total Coliforms MPN/100g 92000 160000 160000 20 | 9632007
RDL = Reportable Detection Limit
Page 7 of 29
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SLR CONSULTING (CANADA) LTD

Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

MISCELLANEOUS (SEDIMENT)

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

BV Labs ID WQ6244 WQ6245 WQ6246 | WQ6247 WQ6248 WQ6249
Sampling Date 2019/10/01 | 2019/10/01 | 2019/10/01 |2019/10/01| 2019/10/01 |2019/10/02
piing 09:20 10:55 13:35 11:45 09:30 11:45
COC Number g141143 g141143 g141143 | g141143 g141143 g141143
UNITs| BOAT LAUNCH| ©® ?75” e Z’:SST/ C4 WEST | BLIND DUPLICATE| €3 WEST |RDL|QC Batch
Misc. Inorganics
Total Nitrogen | % | o3 03 | 03 | o4 0.4 03 |o02]9631184
RDL = Reportable Detection Limit
BV Labs ID WQ6250 waQ6251 | wae252
‘ 2019/10/02 |2019/10/02 | 2019/10/02
Sampling Date 10:18 12:50 16:20
COC Number g141143 g141143 | g141143
units| © CZNSTRE/ G4 C1 WEST |RDL|QC Batch
Misc. Inorganics
Total Nitrogen | » | <02 | <02 <02 |0.2] 9631184
RDL = Reportable Detection Limit
Page 8 of 29
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SLR CONSULTING (CANADA) LTD
Client Project #: 209.40666.00000
Your P.O. #: PENDING

Sampler Initials: KAT

RESULTS OF CHEMICAL ANALYSES OF WATER

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

BV Labs ID WR1662 WR1663 WR1664 WR1665
. 2019/10/01 2019/10/01 2019/10/01 | 2019/10/01
D
Sampling Date 09:20 09:20 09:20 09:20
COC Number g141143 g141143 g141143 g141143
C6 EAST / C5 EAST /
UNITS | BOAT LAUNCH-PW gy Py C4 WEST-PW | RDL |QCBatch
Calculated Parameters
Sulphide (as H2S) [ mg/L | 0.043 0.11 | 0.10 | 022 [0.0019] 9621785
Demand Parameters
Biochemical Oxygen Demand | mg/L | <2.0 6.4 | 17 | 31 | 2.0 | 9622914
Anions
Total Sulphide [ mg/L | 0.040 0.10 | 0094 | 021 [0.0018] 9626992
RDL = Reportable Detection Limit
BV Labs ID WR1666 WR1667 WR1668 WR1669 | WR1670
. 2019/10/01 2019/10/01 | 2019/10/01  |2019/10/01| 2019/10/01
Sampling Date 09:20 09:20 09:20 09:20 09:20
COC Number §141143 g141143 g141143 g141143 | g141143
UNITS | BLIND DUPLICATE-PW | C3 WEST-PW caégﬂsel G4-PW | C1WEST-PW| RDL |QCBatch
Calculated Parameters
Sulphide (as H2S) [ mg/L | 0.029 | 0069 | 0.027 0089 | 0028 [0.0019] 9621785
Demand Parameters
Biochemical Oxygen Demand | mg/L | <2.0 HEE 6.4 14 | 85 | 2.0 |9622914
Anions
Total Sulphide | mg/L | 0.027 | 0065 | 0.025 0084 | 0027 |0.0018] 9626992
RDL = Reportable Detection Limit
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SLR CONSULTING (CANADA) LTD
Client Project #: 209.40666.00000
Your P.O. #: PENDING

Sampler Initials: KAT

CSR/CCME METALS IN SOIL WITH HG (SEDIMENT)

BV Labs ID wQ6244 WQ6245 WQ6246 WQ6247
. 2019/10/01 | 2019/10/01 2019/10/01 | 2019/10/01

Sampling Date 0;;20/ 1(4:55/ 1?{:35/ 11/:45/
COC Number g141143 gl41143 g141143 g141143

UNITS | BOAT LAUNCH ce EGA7$T/ QC Batch e EGAGST / C4 WEST | RDL | QC Batch
Physical Properties
Soluble (2:1) pH | pH | 784 793 |9620788] 810 | 814 | N/A[9620516
Total Metals by ICPMS
Total Aluminum (Al) mg/kg 14400 12300 9622706 9030 13200 100 | 9620498
Total Antimony (Sb) mg/kg 0.95 1.13 9622706 0.92 1.54 0.10 | 9620498
Total Arsenic (As) mg/kg 5.25 4.72 9622706 4.29 5.76 0.20 | 9620498
Total Barium (Ba) mg/kg 125 121 9622706 77.8 123 0.10 | 9620498
Total Beryllium (Be) mg/kg 0.65 0.60 9622706 0.44 0.67 0.20 | 9620498
Total Bismuth (Bi) mg/kg 1.10 1.29 9622706 0.75 2.16 0.10 | 9620498
Total Boron (B) mg/kg 19.9 24.7 9622706 14.9 234 1.0 | 9620498
Total Cadmium (Cd) mg/kg 3.69 0.959 9622706 0.609 0.914 0.050( 9620498
Total Calcium (Ca) mg/kg 84800 64500 9622706 41500 61800 100 | 9620498
Total Chromium (Cr) mg/kg 42.2 34.0 9622706 22.6 35.9 0.50 | 9620498
Total Cobalt (Co) mg/kg 11.7 9.60 9622706 6.91 10.1 0.10 | 9620498
Total Copper (Cu) mg/kg 116 99.8 9622706 64.1 125 0.50 | 9620498
Total Iron (Fe) mg/kg 27500 24600 9622706 18800 25600 100 | 9620498
Total Lead (Pb) mg/kg 73.9 50.9 9622706 46.1 51.3 0.10 | 9620498
Total Lithium (Li) mg/kg 27.7 235 9622706 19.4 28.1 0.50 [ 9620498
Total Magnesium (Mg) mg/kg 16500 20500 9622706 13500 24000 100 | 9620498
Total Manganese (Mn) mg/kg 589 537 9622706 390 594 0.20 | 9620498
Total Mercury (Hg) mg/kg 0.278 0.174 9622706 0.104 0.197 0.050| 9620498
Total Molybdenum (Mo) mg/kg 1.87 1.67 9622706 1.05 2.34 0.10 | 9620498
Total Nickel (Ni) mg/kg 294 24.7 9622706 18.0 26.6 0.50 [ 9620498
Total Phosphorus (P) mg/kg 1030 1140 9622706 904 1560 10 | 9620498
Total Potassium (K) mg/kg 2490 2610 9622706 1620 2430 100 | 9620498
Total Selenium (Se) mg/kg 0.57 <0.50 9622706 <0.50 0.74 0.50 | 9620498
Total Silver (Ag) mg/kg 1.21 0.715 9622706 0.342 1.18 0.050| 9620498
Total Sodium (Na) mg/kg 334 319 9622706 321 447 100 | 9620498
Total Strontium (Sr) mg/kg 311 175 9622706 108 151 0.10 | 9620498
Total Thallium (TI) mg/kg 0.297 0.242 9622706 0.180 0.263 0.050( 9620498
Total Tin (Sn) mg/kg 7.11 4.25 9622706 2.96 5.05 0.10 | 9620498

N/A = Not Applicable

RDL = Reportable Detection Limit
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BV Labs Job #: B985653 SLR CONSULTING (CANADA) LTD
Report Date: 2019/11/15 Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

CSR/CCME METALS IN SOIL WITH HG (SEDIMENT)

BV Labs ID WQ6244 WQ6245 WQ6246 | WQ6247
. 2019/10/01 | 2019/10/01 2019/10/01 | 2019/10/01
Sampling Date 09:20 10:55 13:35 11:45
COC Number g141143 gl41143 g141143 g141143
UNITS | BOAT LAUNCH| €© EG'L;ST/ acBatch| © ZE‘T/ C4 WEST | RDL | QC Batch
Total Titanium (Ti) me/kg 148 143 9622706 101 150 1.0 | 9620498
Total Tungsten (W) me/kg|  <0.50 <050 | 9622706| <050 <050 | 0.50 | 9620498
Total Uranium (U) me/ka|  0.923 0862 | 9622706| 0483 0.886 | 0.050| 9620498
Total Vanadium (V) me/ke 278 268 | 9622706| 201 28.7 1.0 | 9620498
Total Zinc (zn) ma/ka 571 451 9622706 339 532 1.0 | 9620498
Total Zirconium (21) ma/ke 5.19 108 | 9622706|  0.60 059 | 0.50 | 9620498

RDL = Reportable Detection Limit
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SLR CONSULTING (CANADA) LTD

Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

CSR/CCME METALS IN SOIL WITH HG (SEDIMENT)

BV Labs ID WQ6248 WQ6249 WQ6250 WQ6251
Sampling Date 2019/10/01 2019/10/02 2019/10/02 |2019/10/02
09:30 11:45 10:18 12:50

COC Number g141143 g141143 g141143 g141143

UNITS | BLIND DUPLICATE | QC Batch| €3 WEST |acBatch| ©3 CEGNSTRE/ Ga RDL | QC Batch
Physical Properties
Soluble (2:1) pH | pH | 8.17 9620788 822 | 9620516 8.18 831 | N/A [ 9620528
Total Metals by ICPMS
Total Aluminum (Al) me/kg 13800 9622706 | 12200 | 9620498 9420 10700 | 100 | 9620518
Total Antimony (Sb) mg/kg 0.98 9622706 | 111 | 9620498 0.66 092 | 0.10 | 9620518
Total Arsenic (As) mg/kg 4.98 9622706 | 4.97 | 9620498 3.71 413 | 0.20 | 9620518
Total Barium (Ba) me/kg 120 9622706 106 9620498 75.5 102 0.10 | 9620518
Total Beryllium (Be) mg/kg 0.67 9622706 | 0.60 | 9620498 0.53 0.55 | 0.20 | 9620518
Total Bismuth (Bi) me/kg 1.03 9622706 | 1.03 | 9620498 0.40 055 | 0.10 | 9620518
Total Boron (B) mg/kg 21.1 9622706 | 217 | 9620498 20.1 22.6 1.0 | 9620518
Total Cadmium (Cd) mg/kg 3.57 9622706 | 0.753 | 9620498 0.601 0.623 | 0.050| 9620518
Total Calcium (Ca) mg/kg 73900 9622706 | 69600 | 9620498 78400 67400 | 100 | 9620518
Total Chromium (Cr) mg/kg 40.1 9622706 | 315 | 9620498 19.8 257 | 0.50 | 9620518
Total Cobalt (Co) mg/kg 11.2 9622706 | 103 | 9620498 9.07 8.77 | 0.10 | 9620518
Total Copper (Cu) mg/kg 109 9622706 | 857 | 9620498 38.1 649 | 0.50 | 9620518
Total Iron (Fe) mg/kg 25900 9622706 | 24800 | 9620498 21100 22600 | 100 | 9620518
Total Lead (Pb) mg/kg 67.6 9622706 | 449 | 9620498 29.6 39.6 | 0.10 | 9620518
Total Lithium (Li) mg/kg 25.3 9622706 | 269 | 9620498 21.7 246 | 0.50 | 9620518
Total Magnesium (Mg) mg/kg 15100 9622706 | 23600 | 9620498 23700 24400 | 100 | 9620518
Total Manganese (Mn) me/kg 563 9622706 588 9620498 623 550 0.20 | 9620518
Total Mercury (Hg) mg/kg 0.257 9622706 | 0.255 | 9620498 0.100 0.104 |0.050| 9620518
Total Molybdenum (Mo) | mg/kg 1.67 9622706 | 1.49 | 9620498 0.87 1.15 | 0.10 | 9620518
Total Nickel (Ni) mg/kg 28.1 9622706 | 25.6 | 9620498 20.6 223 | 0.50 | 9620518
Total Phosphorus (P) mg/kg 908 9622706 | 1170 | 9620498 871 993 10 | 9620518
Total Potassium (K) mg/kg 2570 9622706 | 2330 | 9620498 2030 2280 100 | 9620518
Total Selenium (Se) mg/kg <0.50 9622706 | <0.50 | 9620498 <0.50 <050 | 0.50 | 9620518
Total Silver (Ag) mg/kg 1.10 9622706 | 0.607 | 9620498 0.263 0.387 | 0.050| 9620518
Total Sodium (Na) mg/kg 320 9622706 215 9620498 209 245 100 | 9620518
Total Strontium (Sr) me/kg 293 9622706 142 9620498 137 129 0.10 | 9620518
Total Thallium (1) mg/kg 0.287 9622706 | 0.255 | 9620498 0.214 0.204 | 0.050| 9620518
Total Tin (Sn) mg/kg 6.84 9622706 | 432 | 9620498 1.63 631 | 0.10 | 9620518

RDL = Reportable Detection Limit

N/A = Not Applicable
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SLR CONSULTING (CANADA) LTD

Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

CSR/CCME METALS IN SOIL WITH HG (SEDIMENT)

BV Labs ID WQ6248 WQ6249 WQ6250 WQ6251
. 2019/10/01 2019/10/02 2019/10/02 | 2019/10/02

sampling Date 09:30 11:45 10:18 12:50
COC Number g141143 g141143 g141143 g141143

UNITS | BLIND DUPLICATE | QC Batch| €3 WEST |acBatch| ©3 CEGNSTRE/ G4 RDL | QC Batch
Total Titanium (Ti) ma/ke 158 9622706| 139 | 9620498 124 126 10 | 9620518
Total Tungsten (W) me/kg <0.50 9622706| <0.50 | 9620498 <0.50 <050 | 0.50 | 9620518
Total Uranium (U) me/ke 0.840 9622706| 0.766 | 9620498 0.798 0.680 |0.050] 9620518
Total Vanadium (V) me/ke 26.7 9622706 | 249 | 9620498 204 228 10 | 9620518
Total Zinc (Zn) me/ka 545 9622706 | 427 | 9620498 272 332 1.0 | 9620518
Total Zirconium (Zr) me/ke 5.18 9622706| 078 | 9620498 1.70 0.81 | 0.50 | 9620518

RDL = Reportable Detection Limit
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SLR CONSULTING (CANADA) LTD
Client Project #: 209.40666.00000
Your P.O. #: PENDING

Sampler Initials: KAT

CSR/CCME METALS IN SOIL WITH HG (SEDIMENT)

BV Labs ID WQ6252
Sampling Date 20119(2:1200/02
COC Number g141143

UNITS| C1 WEST RDL | QC Batch
Physical Properties
Soluble (2:1) pH | pH | 845 [ N/A[9620516
Total Metals by ICPMS
Total Aluminum (Al) mg/kg 10500 100 | 9620498
Total Antimony (Sb) mg/kg 0.53 0.10 | 9620498
Total Arsenic (As) mg/kg 3.56 0.20 | 9620498
Total Barium (Ba) mg/kg 100 0.10 | 9620498
Total Beryllium (Be) mg/kg 0.55 0.20 | 9620498
Total Bismuth (Bi) mg/kg 0.22 0.10 | 9620498
Total Boron (B) mg/kg 23.5 1.0 | 9620498
Total Cadmium (Cd) mg/kg 1.32 0.050( 9620498
Total Calcium (Ca) mg/kg 75600 100 | 9620498
Total Chromium (Cr) mg/kg 21.8 0.50 | 9620498
Total Cobalt (Co) mg/kg|  8.41 0.10 | 9620498
Total Copper (Cu) mg/kg 44.6 0.50 | 9620498
Total Iron (Fe) mg/kg 23000 100 | 9620498
Total Lead (Pb) mg/kg 24.5 0.10 | 9620498
Total Lithium (Li) mg/kg 25.3 0.50 | 9620498
Total Magnesium (Mg) mg/kg| 30100 100 | 9620498
Total Manganese (Mn) mg/kg 566 0.20 | 9620498
Total Mercury (Hg) mg/kg 0.057 0.050| 9620498
Total Molybdenum (Mo) mg/kg 1.05 0.10 | 9620498
Total Nickel (Ni) mg/kg 22.0 0.50 | 9620498
Total Phosphorus (P) mg/kg 715 10 | 9620498
Total Potassium (K) mg/kg 2390 100 | 9620498
Total Selenium (Se) mg/kg <0.50 0.50 [ 9620498
Total Silver (Ag) mg/kg 0.083 0.050| 9620498
Total Sodium (Na) mg/kg 363 100 | 9620498
Total Strontium (Sr) mg/kg 109 0.10 | 9620498
Total Thallium (TI) mg/kg 0.120 0.050] 9620498
Total Tin (Sn) mg/kg 1.36 0.10 | 9620498

RDL = Reportable Detection Limit

N/A = Not Applicable
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SLR CONSULTING (CANADA) LTD
Client Project #: 209.40666.00000
Your P.O. #: PENDING

Sampler Initials: KAT

CSR/CCME METALS IN SOIL WITH HG (SEDIMENT)

BV Labs ID WQ6252
. 2019/10/02

Sampling Date 16:20
COC Number g141143

UNITS| C1 WEST RDL | QC Batch
Total Titanium (Ti) mg/kg 121 1.0 | 9620498
Total Tungsten (W) mg/kg <0.50 0.50 | 9620498
Total Uranium (U) mg/kg 0.659 0.050| 9620498
Total Vanadium (V) mg/kg 22.1 1.0 | 9620498
Total Zinc (Zn) mg/kg 214 1.0 | 9620498
Total Zirconium (Zr) mg/kg 2.82 0.50 | 9620498

RDL = Reportable Detection Limit
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CSR PAH IN SEDIMENTS BY GC-MS (SEDIMENT)

Appendix "A" to Report PW19008(g)/LS19004(f)
Page 130 of 406

SLR CONSULTING (CANADA) LTD

Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

BV Labs ID wQ6244 WQ6245 WQ6246 WQ6247
. 2019/10/01 2019/10/01 2019/10/01 2019/10/01

Sampling Date 0;;20/ 16:55/ 13{:35/ 11/:45/
COC Number gl41143 g141143 g141143 g141143

UNITS | BOAT LAUNCH| RDL ce EGA7$T / RDL e EGAGST/ RDL C4 WEST RDL |QC Batch
Calculated Parameters
Low Molecular Weight PAH's [ mg/kg 0.54 0.0022 1.1 0.0010 1.3 0.0020 1.1 0.0018 | 9618184
High Molecular Weight PAH's | mg/kg 4.2 0.0022 6.9 0.0010 6.1 0.0020 6.6 0.0018 | 9618184
Total PAH mg/kg 4.7 0.0022 8.0 0.0010 7.3 0.0020 7.8 0.0018 | 9618184
Polycyclic Aromatics
Naphthalene mg/kg 0.017 (1) |0.0022 0.028 0.0010 0.029 (1) |0.0020| 0.023 (1) | 0.0018 | 9621452
2-Methylnaphthalene mg/kg 0.022 (1) 0.0022 0.025 0.0010 0.027 (1) [0.0020| 0.034 (1) | 0.0018 | 9621452
Acenaphthylene mg/kg 0.023 (1) 0.0011 0.022 0.00050 0.020 (1) (0.0010| 0.021 (1) |0.00090( 9621452
Acenaphthene mg/kg 0.030 (1) 0.0011 0.048 0.00050 0.084 (1) (0.0010| 0.045 (1) |0.00090( 9621452
Fluorene mg/kg 0.040 (1) |0.0022 0.069 0.0010 0.087 (1) |0.0020| 0.074 (1) | 0.0018 | 9621452
Phenanthrene mg/kg 0.33(1) 0.0022 0.79 0.0010 0.89(1) |0.0020| 0.83(1) | 0.0018 | 9621452
Anthracene mg/kg 0.078 (1) |0.0022 0.12 0.0010 0.12(1) |0.0020| 0.10(1) | 0.0018 | 9621452
Fluoranthene mg/kg 1.3(1) 0.0022 2.3 0.0010 2.0(1) 0.0020 2.2 (1) 0.0018 | 9621452
Pyrene mg/kg 0.99 (1) 0.0022 1.7 0.0010 1.5(1) 0.0020 1.6(1) 0.0018 | 9621452
Benzo(a)anthracene mg/kg 0.47 (1) 0.0022 0.74 0.0010 0.61 (1) 0.0020 0.71 (1) 0.0018 | 9621452
Chrysene mg/kg 0.70 (1) 0.0022 1.3 0.0010 1.1(1) 0.0020 1.3(1) 0.0018 | 9621452
Benzo(b&j)fluoranthene mg/kg 1.1 (1) 0.0022 1.5 0.0010 1.3(1) 0.0020 1.3(1) 0.0018 | 9621452
Benzo(b)fluoranthene mg/kg 0.74 (1) 0.0022 1.1 0.0010 0.93 (1) |0.0020 1.0(1) 0.0018 | 9621452
Benzo(k)fluoranthene mg/kg 0.34 (1) 0.0022 0.39 0.0010 0.34 (1) |0.0020| 0.47(1) | 0.0018 | 9621452
Benzo(a)pyrene mg/kg 0.60 (1) 0.0022 0.88 0.0010 0.75(1) 0.0020 0.69 (1) 0.0018 | 9621452
Indeno(1,2,3-cd)pyrene mg/kg 0.41(1) 0.0044 0.55 0.0020 0.54 (1) 0.0040 0.63 (1) 0.0036 | 9621452
Dibenz(a,h)anthracene mg/kg 0.12 (1) 0.0011 0.17 0.00050 0.13 (1) 0.0010 0.17 (1) |[0.00090| 9621452
Benzo(g,h,i)perylene mg/kg 0.52 (1) 0.0044 0.72 0.0020 0.63 (1) |0.0040| 0.74(1) | 0.0036 | 9621452
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 83 81 83 83 9621452
D8-ACENAPHTHYLENE (sur.) % 80 78 80 80 9621452
D8-NAPHTHALENE (sur.) % 80 70 70 69 9621452
TERPHENYL-D14 (sur.) % 76 73 78 76 9621452

RDL = Reportable Detection Limit
(1) Detection limits raised due to high moisture content, sample contains => 50% moisture.
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SLR CONSULTING (CANADA) LTD
Client Project #: 209.40666.00000

Your P.O. #: PENDING
Sampler Initials: KAT

CSR PAH IN SEDIMENTS BY GC-MS (SEDIMENT)

BV Labs ID WQ6248 WQ6249 WQ6250 WQ6251 WQ6252
sampling Date 2013;:1300/01 20119{:1405/02 201196:1108/02 201;3;1500/02 201%:1200/02
COC Number g141143 g141143 g141143 g141143 | g141143

UNITS | BLIND DUPLICATE| RDL C3 WEST G CEGNSTRE / G4 C1 WEST RDL |QC Batch
Calculated Parameters
Low Molecular Weight PAH's | mg/kg 0.46 0.0021 3.7 0.91 0.79 1.1 0.0010 | 9618184
High Molecular Weight PAH's | mg/kg 3.8 0.0021 9.1 4.8 4.5 5.5 0.0010 | 9618184
Total PAH mg/kg 4.3 0.0021 13 5.7 5.3 6.7 0.0010 | 9618184
Polycyclic Aromatics
Naphthalene mg/kg 0.015 (1) 0.0021 0.13 0.0089 0.014 0.014 0.0010 | 9621452
2-Methylnaphthalene mg/kg 0.022 (1) 0.0021 0.067 0.0096 0.014 0.012 0.0010 | 9621452
Acenaphthylene mg/kg 0.022 (1) 0.0011 0.016 0.012 0.013 0.011 0.00050| 9621452
Acenaphthene mg/kg 0.024 (1) 0.0011 0.27 0.038 0.030 0.049 0.00050| 9621452
Fluorene mg/kg 0.037 (1) 0.0021 0.31 0.048 0.047 0.063 0.0010 | 9621452
Phenanthrene mg/kg 0.27 (1) 0.0021 2.5 0.68 0.60 0.86 0.0010 | 9621452
Anthracene mg/kg 0.067 (1) 0.0021 0.43 0.12 0.080 0.13 0.0010 | 9621452
Fluoranthene mg/kg 1.1(1) 0.0021 3.2 1.6 15 1.9 0.0010 | 9621452
Pyrene mg/kg 0.88 (1) 0.0021 2.3 1.2 11 1.4 0.0010 | 9621452
Benzo(a)anthracene mg/kg 0.43 (1) 0.0021 1.1 0.54 0.45 0.60 0.0010 | 9621452
Chrysene mg/kg 0.65 (1) 0.0021 1.5 0.75 0.79 0.86 0.0010 | 9621452
Benzo(b&j)fluoranthene mg/kg 0.99 (1) 0.0021 1.4 0.90 0.98 1.1 0.0010 | 9621452
Benzo(b)fluoranthene mg/kg 0.70 (1) 0.0021 1.0 0.63 0.69 0.74 0.0010 | 9621452
Benzo(k)fluoranthene mg/kg 0.27 (1) 0.0021 0.41 0.23 0.25 0.31 0.0010 | 9621452
Benzo(a)pyrene mg/kg 0.57 (1) 0.0021 0.94 0.58 0.57 0.69 0.0010 | 9621452
Indeno(1,2,3-cd)pyrene mg/kg 0.38 (1) 0.0042 0.54 0.36 0.39 0.45 0.0020 | 9621452
Dibenz(a,h)anthracene mg/kg 0.11 (1) 0.0011 0.16 0.10 0.11 0.12 0.00050| 9621452
Benzo(g,h,i)perylene mg/kg 0.48 (1) 0.0042 0.57 0.38 0.43 0.46 0.0020 | 9621452
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 84 82 83 81 84 9621452
D8-ACENAPHTHYLENE (sur.) % 80 79 80 78 81 9621452
D8-NAPHTHALENE (sur.) % 69 66 68 67 71 9621452
TERPHENYL-D14 (sur.) % 74 76 81 77 81 9621452

RDL = Reportable Detection Limit
(1) Detection limits raised due to high moisture content, sample contains => 50% moisture.
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BV Labs Job #: B985653 SLR CONSULTING (CANADA) LTD
Report Date: 2019/11/15 Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

Package 1 8.0°C
Package 2 6.0°C
Package 3 6.0°C
Package 4 7.3°C
Package 5 6.0°C
Package 6 5.7°C
Package 7 6.0°C
Package 8 4.3°C
Package 9 5.3°C

Version #2: Report reissued to include results for Fecal Coliforms, Total Coliforms, and E. Coli on samples the following samples:
BOAT LAUNCH

C6 EAST / G7

C5 EAST / G6

C4 WEST

BLIND DUPLICATE

C3 WEST

C3 CENTRE / G5

G4

C1 WEST

As per client request received 2019/10/17.

Sample WR1662 [BOAT LAUNCH-PW] : Sample was analyzed past method specified hold time for Biochemical Oxygen Demand. Sample was analyzed
past method specified hold time for Total Sulphide. Exceedance of hold time increases the uncertainty of test results but does not necessarily imply
that results are compromised.

Sample WR1663 [C6 EAST / G7-PW] : Sample was analyzed past method specified hold time for Biochemical Oxygen Demand. Sample was analyzed
past method specified hold time for Total Sulphide. Exceedance of hold time increases the uncertainty of test results but does not necessarily imply
that results are compromised.

Sample WR1664 [C5 EAST / G6-PW] : Sample was analyzed past method specified hold time for Biochemical Oxygen Demand. Sample was analyzed
past method specified hold time for Total Sulphide. Exceedance of hold time increases the uncertainty of test results but does not necessarily imply
that results are compromised.

Sample WR1665 [C4 WEST-PW] : Sample was analyzed past method specified hold time for Biochemical Oxygen Demand. Sample was analyzed past
method specified hold time for Total Sulphide. Exceedance of hold time increases the uncertainty of test results but does not necessarily imply that
results are compromised.

Sample WR1666 [BLIND DUPLICATE-PW] : Sample was analyzed past method specified hold time for Biochemical Oxygen Demand. Sample was
analyzed past method specified hold time for Total Sulphide. Exceedance of hold time increases the uncertainty of test results but does not necessarily
imply that results are compromised.

Sample WR1667 [C3 WEST-PW] : Sample was analyzed past method specified hold time for Biochemical Oxygen Demand. Sample was analyzed past
method specified hold time for Total Sulphide. Exceedance of hold time increases the uncertainty of test results but does not necessarily imply that
results are compromised.

Sample WR1668 [C3 CENTRE / G5-PW] : Sample was analyzed past method specified hold time for Biochemical Oxygen Demand. Sample was analyzed
past method specified hold time for Total Sulphide. Exceedance of hold time increases the uncertainty of test results but does not necessarily imply
that results are compromised.
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BV Labs Job #: B985653 SLR CONSULTING (CANADA) LTD
Report Date: 2019/11/15 Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

Sample WR1669 [G4-PW] : Sample was analyzed past method specified hold time for Biochemical Oxygen Demand. Sample was analyzed past method
specified hold time for Total Sulphide. Exceedance of hold time increases the uncertainty of test results but does not necessarily imply that results are
compromised.

Sample WR1670 [C1 WEST-PW] : Sample was analyzed past method specified hold time for Biochemical Oxygen Demand. Sample was analyzed past
method specified hold time for Total Sulphide. Exceedance of hold time increases the uncertainty of test results but does not necessarily imply that
results are compromised.

Results relate only to the items tested.
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BUREAU
VERITAS

BV Labs Job #: B985653 SLR CONSULTING (CANADA) LTD
Report Date: 2019/11/15 Client Project #: 209.40666.00000
Your P.O. #: PENDING
Sampler Initials: KAT

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

L
Andy Lu, Ph.D., P.Chem., Scientific Specialist

S

Donald Lai, Lab Coordinator

%y/ﬂ/{?

Kenneth Goldie, Sample Reception

oy b
Loy ey

//,

Harry (Peng) Liang, Senior Analyst

Suwan Fock, B.Sc., QP, Inorganics Senior Analyst

BV Labs has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per ISO/IEC 17025, sighing the reports.
For Service Group specific validation please refer to the Validation Signature Page.

Page 25 of 29
Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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BUREAU
VERITAS

Your Project #: 209.40666.00000 [B985653]
Your C.O.C. #: B985653-ONTV-01-01

Attention: Safiann Maiter

Bureau Veritas Laboratories
4606 Canada Way

Burnaby, BC

CANADA V5G 1K5

Report Date: 2019/10/10
Report #: R5916219
Version: 1 - Final

CERTIFICATE OF ANALYSIS

BV LABS JOB #: B953356
Received: 2019/10/09, 09:20

Sample Matrix: Soil
# Samples Received: 9

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Reference
Total Organic Carbon in Soil 9 N/A 2019/10/10 CAM SOP-00468 BCMOE TOC Aug 2014

Remarks:

Bureau Veritas Laboratories are accredited to ISO/IEC 17025 for specific parameters on scopes of accreditation. Unless otherwise noted, procedures used
by BV Labs are based upon recognized Provincial, Federal or US method compendia such as CCME, MELCC, EPA, APHA.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in BV Labs profession using
accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and BV Labs in writing). All
data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are reported; unless
indicated otherwise, associated sample data are not blank corrected. Where applicable, unless otherwise noted, Measurement Uncertainty has not been
accounted for when stating conformity to the referenced standard.

BV Labs liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed or implied.
BV Labs has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report. Interpretation and
use of test results are the sole responsibility of the Client and are not within the scope of services provided by BV Labs, unless otherwise agreed in writing.
BV Labs is not responsible for the accuracy or any data impacts, that result from the information provided by the customer or their agent.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods.

Results relate to samples tested. When sampling is not conducted by BV Labs, results relate to the supplied samples tested.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.
* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

Page 1 of 8

Bureau Veritas Laboratories 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.bvlabs.com

Microbiology testing is conducted at 6660 Campobello Rd. Chemistry testing is conducted at 6740 Campobello Rd.
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BUREAU
VERITAS

Your Project #: 209.40666.00000 [B985653]
Your C.O.C. #: B985653-ONTV-01-01

Attention: Safiann Maiter

Bureau Veritas Laboratories
4606 Canada Way

Burnaby, BC

CANADA V5G 1K5

Report Date: 2019/10/10
Report #: R5916219
Version: 1 - Final

CERTIFICATE OF ANALYSIS

BV LABS JOB #: B953356
Received: 2019/10/09, 09:20

Bureau Veritas Laboratories

AUTHORIZED REPORT
RAPPORT AUTORISE

10 Oct 2019 15:15:07

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Ronklin Gracian, Project Manager

Email: Ronklin.Gracian@bvlabs.com

Phonet# (905)817-5752

This report has been generated and distributed using a secure automated process.
BV Labs has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per ISO/IEC 17025, signing the reports. For
Service Group specific validation please refer to the Validation Signature Page.

Total Cover Pages : 2
Page 2 of 8

Bureau Veritas Laboratories 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.bvlabs.com

Microbiology testing is conducted at 6660 Campobello Rd. Chemistry testing is conducted at 6740 Campobello Rd.
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Bureau Veritas Laboratories
Client Project #: 209.40666.00000 [B985653]
Sampler Initials: KAT

RESULTS OF ANALYSES OF SOIL

Bureau Veritas Laboratories 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.bvlabs.com

Microbiology testing is conducted at 6660 Campobello Rd. Chemistry testing is conducted at 6740 Campobello Rd.

BV Labs ID KzMm471 KZM472 KZM473 KzZM474
. 2019/10/01 2019/10/01 2019/10/01 2019/10/01
Sampling Date 09:20 10:55 13:35 11:45
COC Number B985653-ONTV-01-01 [ B985653-ONTV-01-01 | B985653-ONTV-01-01 | B985653-ONTV-01-01
UNITS [ WQ6244-BOAT LAUNCH | WQ6245-C6 EAST/G7 | WQ6246-C5 EAST/G6 | WQ6247-C4 WEST |RDL| QC Batch
Inorganics
Total Organic Carbon [ me/ke] 35000 41000 | 39000 | 47000 | 500] 6379999
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
BV Labs ID KzM4a74 KzZM475 KZM476 KzM4a77
. 2019/10/01 2019/10/01 2019/10/02 2019/10/02
Sampling Date 11:45 09:30 11:45 10:18
COC Number B985653-ONTV-01-01 | B985653-ONTV-01-01 | B985653-ONTV-01-01| B985653-ONTV-01-01
WQ6247-C4 WEST WQ6248-BLIND
UNITS Lab-Dup DUPLICATE WQ6249-C3 WEST | WQ6250-C3 CENTRE/G5 | RDL| QC Batch
Inorganics
Total Organic Carbon [ me/ke] 49000 37000 39000 20000 | 500] 6379999
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
Lab-Dup = Laboratory Initiated Duplicate
BV Labs ID KzZM478 KzM479
. 2019/10/02 2019/10/02
SRl 12:50 16:20
COC Number B985653-ONTV-01-01 | B985653-ONTV-01-01
UNITS WQ6251-G4 WQ6252-C1 WEST |RDL|QC Batch
Inorganics
Total Organic Carbon | mg/kg] 31000 26000 | 500] 6379999
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
Page 3 of 8
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Bureau Veritas Laboratories
Client Project #: 209.40666.00000 [B985653]
Sampler Initials: KAT

TEST SUMMARY
BV Labs ID: KzZM471 Collected: 2019/10/01
Sample ID: WQ6244-BOAT LAUNCH Shipped:
Matrix:  Soil Received: 2019/10/09
Test Description Instrumentation Batch Extracted Date Analyzed Analyst
Total Organic Carbon in Soil COMB 6379999 N/A 2019/10/10 Dhruvik Modh
BV Labs ID: KZMA472 Collected: 2019/10/01
Sample ID: WQ6245-C6 EAST/G7 Shipped:
Matrix: Soil Received: 2019/10/09
Test Description Instrumentation Batch Extracted Date Analyzed Analyst
Total Organic Carbon in Soil COMB 6379999 N/A 2019/10/10 Dhruvik Modh
BV Labs ID: KZM473 Collected: 2019/10/01
Sample ID: WQ6246-C5 EAST/G6 Shipped:
Matrix:  Soil Received: 2019/10/09
Test Description Instrumentation Batch Extracted Date Analyzed Analyst
Total Organic Carbon in Soil COMB 6379999 N/A 2019/10/10 Dhruvik Modh
BV Labs ID: KZM474 Collected: 2019/10/01
Sample ID: 'WQ6247-C4 WEST Shipped:
Matrix:  Soil Received: 2019/10/09
Test Description Instrumentation Batch Extracted Date Analyzed Analyst
Total Organic Carbon in Soil COMB 6379999 N/A 2019/10/10 Dhruvik Modh
BV Labs ID: KZM474 Dup Collected: 2019/10/01
Sample ID: 'WQ6247-C4 WEST Shipped:
Matrix: Soil Received: 2019/10/09
Test Description Instrumentation Batch Extracted Date Analyzed Analyst
Total Organic Carbon in Soil COoMB 6379999 N/A 2019/10/10 Dhruvik Modh
BV Labs ID: KZM475 Collected: 2019/10/01
Sample ID: WQ6248-BLIND DUPLICATE Shipped:
Matrix:  Soil Received: 2019/10/09
Test Description Instrumentation Batch Extracted Date Analyzed Analyst
Total Organic Carbon in Soil COMB 6379999 N/A 2019/10/10 Dhruvik Modh
BV Labs ID: KZM476 Collected: 2019/10/02
Sample ID: WQ6249-C3 WEST Shipped:
Matrix:  Soil Received: 2019/10/09
Test Description Instrumentation Batch Extracted Date Analyzed Analyst
Total Organic Carbon in Soil COMB 6379999 N/A 2019/10/10 Dhruvik Modh
Page 4 of 8

Bureau Veritas Laboratories 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.bvlabs.com

Microbiology testing is conducted at 6660 Campobello Rd. Chemistry testing is conducted at 6740 Campobello Rd.
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Bureau Veritas Laboratories
Client Project #: 209.40666.00000 [B985653]
Sampler Initials: KAT

TEST SUMMARY
BV Labs ID: KzZM477 Collected: 2019/10/02
Sample ID: WQ6250-C3 CENTRE/G5 Shipped:
Matrix:  Soil Received: 2019/10/09
Test Description Instrumentation Batch Extracted Date Analyzed Analyst
Total Organic Carbon in Soil COMB 6379999 N/A 2019/10/10 Dhruvik Modh
BV Labs ID: KZMA478 Collected: 2019/10/02
Sample ID: WQ6251-G4 Shipped:
Matrix: Soil Received: 2019/10/09
Test Description Instrumentation Batch Extracted Date Analyzed Analyst
Total Organic Carbon in Soil COMB 6379999 N/A 2019/10/10 Dhruvik Modh
BV Labs ID: KZM479 Collected: 2019/10/02
Sample ID: WQ6252-C1 WEST Shipped:
Matrix:  Soil Received: 2019/10/09
Test Description Instrumentation Batch Extracted Date Analyzed Analyst
Total Organic Carbon in Soil COMB 6379999 N/A 2019/10/10 Dhruvik Modh
Page 5 of 8

Bureau Veritas Laboratories 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.bvlabs.com

Microbiology testing is conducted at 6660 Campobello Rd. Chemistry testing is conducted at 6740 Campobello Rd.
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VERITAS

BV Labs Job #: B9S3356 Bureau Veritas Laboratories
Report Date: 2019/10/10 Client Project #: 209.40666.00000 [B985653]
Sampler Initials: KAT

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

Package 1 7.3°C

Results relate only to the items tested.

Page 6 of 8

Bureau Veritas Laboratories 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.bvlabs.com

Microbiology testing is conducted at 6660 Campobello Rd. Chemistry testing is conducted at 6740 Campobello Rd.
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BUREAU
VERITAS

BV Labs Job #: B9S3356 Bureau Veritas Laboratories

Report Date: 2019/10/10 Client Project #: 209.40666.00000 [B985653]
Sampler Initials: KAT

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

G A
G il
5 EvaPrfjic %

Ewa Pranijic, M.Scjm/m, Scientific Specialist

BV Labs has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per ISO/IEC 17025, signing the reports.
For Service Group specific validation please refer to the Validation Signature Page.

Page 8 of 8
Bureau Veritas Laboratories 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.bvlabs.com

Microbiology testing is conducted at 6660 Campobello Rd. Chemistry testing is conducted at 6740 Campobello Rd.



L Certificate of Analysis
(il
Hamilton

CLIENT INFORMATION

Client Name: HAMILTON WATER
Attention: MANI SERADJ
Address: 77 JAMES STREET NORTH
HAMILTON
L8R 2K3

Samples in this work order were analyzed using the following methods:

cBOD/BOD/DO DO-Meter TSS/VSS Gravimetric

Mercury Cold Vapour AA Anions IC
TOC/DOC Colourimetric LIMS Calculation

Metals ICP/MS o-Phosphate Colourimetric

NOTES:

Appendix "A" to Report PW19008(g)/LS19004(f)
Page 152 of 406

City of Hamilton
Environmental Laboratory

700 Woodward Avenue, Hamilton, ON L8H 6P4
P. (905) 546-2424 F. (905)545-0234

LABORATORY INFORMATION

2019-09-30
2019-10-01

Sample Date:
Date Submitted:

Laboratory Work Order Number: 330748

Alk/pH/Cond/Temp PC Titrate Bacteria Membrane Filtration

mFC-BCIG agar

Ammonia Skalar TKN Skalar

Subcontract Field Parameters - Client

'<' = less than the Method Detection Limit (MDL), 'IS' = Insufficient Sample, '>' = greater than the reported result.

Methods used by the City of Hamilton's Environmental Laboratory (CHEL) are based upon or modified from those found in published reference methods. Specific information on the

methods used and equations used for calculated analytes are available upon request.

All analytical work performed at the CHEL is done according to accepted quality assurance and quality control procedures. Quality and other related data as well as uncertainty values

are available upon request.

The results on this Certificate of Analysis relate only to the sample as received and analyzed.

Field data provided by the customer is identified as such and can affect the validity of CHEL's results.

The Certificate of Analysis shall not be reproduced except in full without approval of CHEL.

Final Report Approval by:

Digitally signed by
Shannon Overholster
Date: 2019.10.22
16:43:42 -04'00'

Shannon Overholster
Supervisor, Quality Assurance

Page 1 of 25
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Laboratory Work OrdSr Nio: ©' “Po748
Analyte Result Units MDL
Water and Waste Water Systems Planning
Chedoke Creek Surface Water Analysis
C-1 West 2019-09-30 16:50:00 Record 604014
Ammonia + Ammonium as N 0.05 mg/L 0.01
Conductivity - Field 0.733 mS/cm
Dissolved Organic Carbon 2.5 mg/L 0.4
Dissolved Oxygen-Field 10.23 mg/L
Escherichia coli 4100 CFU/100mL 0
Hardness (Calculation) 253 mg/L 0.7
Nitrate as N 1.95 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 217 mg/L 0.02
Nitrite as N 0.22 mg/L 0.01
o-Phosphate as P 0.44 mg/L 0.05
pH 8.32 pH 0.01
pH - Field 8.25 pH
Phosphorus Dissolved Total 0.401 mg/L 0.010
Phosphorus Total 0.415 mg/L 0.010
Temperature - Field 15.7 C
Total Biochem. Oxygen Demand <2 mg/L 1
Total Kjeldahl Nitrogen as N 0.6 mg/L 0.2
Total Organic Carbon 26 mg/L 0.4
Total Suspended Solids 4.5 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 3.0 ug/L 0.1
Aluminum 0.145 mg/L 0.002
Antimony 0.0002 mg/L 0.0001
Arsenic 0.0013 mg/L 0.0001
Barium 0.0394 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth ~ <0.0001 mg/L 0.0001
Boron 0.149 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 72.3 mg/L 0.05
Chromium 0.0002 mg/L 0.0001
Cobalt 0.0001 mg/L 0.0001
Copper 0.0029 mg/L 0.0001
Dissolved Aluminum 0.013 mg/L 0.002
Dissolved Antimony 0.0002 mg/L 0.0001
Dissolved Arsenic 0.0012 mg/L 0.0001
Dissolved Barium 0.0429 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.143 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 69.4 mg/L 0.05
Dissolved Chromium  <0.0001 mg/L 0.0001
Dissolved Cobalt  <0.0001 mg/L 0.0001
Dissolved Copper 0.0019 mg/L 0.0001
Dissolved Iron 0.009 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 17.4 mg/L 0.05
Dissolved Manganese 0.0152 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0021 mg/L 0.0001
Dissolved Nickel 0.0010 mg/L 0.0001
Dissolved Potassium 3.35 mg/L 0.05

Page 2 of 25
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P

Laboratory Work Or:

dér

154 of 4
ot O 4980748

Analyte Result Units MDL
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 2,77 mg/L 0.01
Dissolved Silver ~ <0.0001 mg/L 0.0001
Dissolved Sodium 81.7 mg/L 0.05
Dissolved Strontium 1.07 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin ~ <0.0001 mg/L 0.0001
Dissolved Titanium 0.0003 mg/L 0.0001
Dissolved Uranium 0.748 ug/L 0.002
Dissolved Vanadium 0.0007 mg/L 0.0001
Dissolved Zinc 0.012 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 0.202 mg/L 0.003
Lead 0.0004 mg/L 0.0001
Magnesium 17.5 mg/L 0.05
Manganese 0.0203 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0020 mg/L 0.0001
Nickel 0.0011 mg/L 0.0001
Potassium 3.40 mg/L 0.05
Selenium 0.0002 mg/L 0.0001
Silicon 3.05 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 80.8 mg/L 0.05
Strontium 1.09 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0031 mg/L 0.0001
Uranium 0.734 ug/L 0.002
Vanadium 0.0010 mg/L 0.0001
Zinc 0.017 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzol[g,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHSs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
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Appendix "A" to Report PW19008(g)/LS19004(f)

Laboratory Work OrdSr Nio: ' “Po748
Analyte Result Units MDL
C-1 West Duplicate 2019-09-30 16:52:00 Record 604015
Ammonia + Ammonium as N 0.07 mg/L 0.01
Dissolved Organic Carbon 26 mg/L 0.4
Escherichia coli 3100 CFU/100mL 0
Hardness (Calculation) 252 mg/L 0.7
Nitrate as N 1.91 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 213 mg/L 0.02
Nitrite as N 0.22 mg/L 0.01
o-Phosphate as P 0.44 mg/L 0.05
pH 8.32 pH 0.01
pH - Field 8.25 pH
Phosphorus Dissolved Total 0.410 mg/L 0.010
Phosphorus Total 0.450 mg/L 0.010
Temperature - Field 15.7 C
Total Biochem. Oxygen Demand <2 mg/L 1
Total Kjeldahl Nitrogen as N 0.6 mg/L 0.2
Total Organic Carbon 3.0 mg/L 0.4
Total Suspended Solids 13.8 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 41 ug/L 0.1
Aluminum 0.299 mg/L 0.002
Antimony 0.0002 mg/L 0.0001
Arsenic 0.0013 mg/L 0.0001
Barium 0.0404 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth ~ <0.0001 mg/L 0.0001
Boron 0.143 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 70.6 mg/L 0.05
Chromium 0.0004 mg/L 0.0001
Cobalt 0.0003 mg/L 0.0001
Copper 0.0037 mg/L 0.0001
Dissolved Aluminum 0.014 mg/L 0.002
Dissolved Antimony 0.0002 mg/L 0.0001
Dissolved Arsenic 0.0013 mg/L 0.0001
Dissolved Barium 0.0416 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.150 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 70.9 mg/L 0.05
Dissolved Chromium  <0.0001 mg/L 0.0001
Dissolved Cobalt  <0.0001 mg/L 0.0001
Dissolved Copper 0.0021 mg/L 0.0001
Dissolved Iron 0.008 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 18.3 mg/L 0.05
Dissolved Manganese 0.0158 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0021 mg/L 0.0001
Dissolved Nickel 0.0010 mg/L 0.0001
Dissolved Potassium 3.55 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 2.75 mg/L 0.01
Dissolved Silver ~ <0.0001 mg/L 0.0001
Dissolved Sodium 82.3 mg/L 0.05
Dissolved Strontium 1.13 mg/L 0.0005
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Appendix "A" to Report PW19008(g)/LS19004(f)

Laboratory Work OrdSr Nio: ' “Po748
Analyte Result Units MDL
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin ~ <0.0001 mg/L 0.0001
Dissolved Titanium 0.0003 mg/L 0.0001
Dissolved Uranium 0.777 ug/L 0.002
Dissolved Vanadium 0.0008 mg/L 0.0001
Dissolved Zinc 0.011 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 0.426 mg/L 0.003
Lead 0.0010 mg/L 0.0001
Magnesium 17.8 mg/L 0.05
Manganese 0.0300 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0020 mg/L 0.0001
Nickel 0.0014 mg/L 0.0001
Potassium 3.47 mg/L 0.05
Selenium 0.0002 mg/L 0.0001
Silicon 3.16 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 80.8 mg/L 0.05
Strontium 1.07 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0058 mg/L 0.0001
Uranium 0.730 ug/L 0.002
Vanadium 0.0012 mg/L 0.0001
Zinc 0.022 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHSs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
C-3 Centre - G5 2019-09-30 16:35:00 Record 604016
Ammonia + Ammonium as N 0.62 mg/L 0.01
Conductivity - Field 0.760 mS/cm
Dissolved Organic Carbon 3.4 mg/L 0.4
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Appendix "A" to Report PW19008(g)/LS19004(f)

Laboratory Work OrdSr No: ' “Po748
Analyte Result Units MDL
Dissolved Oxygen-Field 5.99 mg/L
Escherichia coli 1700 CFU/100mL 0
Hardness (Calculation) 244 mg/L 0.7
Nitrate as N 1.77 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 1.88 mg/L 0.02
Nitrite as N 0.11 mg/L 0.01
o-Phosphate as P 0.37 mg/L 0.05
pH 7.99 pH 0.01
pH - Field 7.61 pH
Phosphorus Dissolved Total 0.260 mg/L 0.010
Phosphorus Total 0.371 mg/L 0.010
Temperature - Field 16.1 C
Total Biochem. Oxygen Demand 2 mg/L 1
Total Kjeldahl Nitrogen as N 1.1 mg/L 0.2
Total Organic Carbon 4.0 mg/L 0.4
Total Suspended Solids 19.8 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 9.0 ug/L 0.1
Aluminum 0.467 mg/L 0.002
Antimony 0.0003 mg/L 0.0001
Arsenic 0.0015 mg/L 0.0001
Barium 0.0484 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth ~ <0.0001 mg/L 0.0001
Boron 0.197 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 67.0 mg/L 0.05
Chromium 0.0007 mg/L 0.0001
Cobalt 0.0004 mg/L 0.0001
Copper 0.0035 mg/L 0.0001
Dissolved Aluminum 0.003 mg/L 0.002
Dissolved Antimony 0.0003 mg/L 0.0001
Dissolved Arsenic 0.0012 mg/L 0.0001
Dissolved Barium 0.0459 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.211 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 68.9 mg/L 0.05
Dissolved Chromium  <0.0001 mg/L 0.0001
Dissolved Cobalt 0.0002 mg/L 0.0001
Dissolved Copper 0.0011 mg/L 0.0001
Dissolved Iron 0.007 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 17.5 mg/L 0.05
Dissolved Manganese 0.0563 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0022 mg/L 0.0001
Dissolved Nickel 0.0012 mg/L 0.0001
Dissolved Potassium 3.77 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 2.78 mg/L 0.01
Dissolved Silver ~ <0.0001 mg/L 0.0001
Dissolved Sodium 88.3 mg/L 0.05
Dissolved Strontium 0.940 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin ~ <0.0001 mg/L 0.0001
Dissolved Titanium 0.0002 mg/L 0.0001
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Appendix "A" to Report PW19008(g)/LS19004(f)

Laboratory Work Ordr Nio: ' “Po748
Analyte Result Units MDL
Dissolved Uranium 0.675 ug/L 0.002
Dissolved Vanadium 0.0011 mg/L 0.0001
Dissolved Zinc 0.006 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 0.883 mg/L 0.003
Lead 0.0019 mg/L 0.0001
Magnesium 17.5 mg/L 0.05
Manganese 0.0730 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0021 mg/L 0.0001
Nickel 0.0019 mg/L 0.0001
Potassium 3.88 mg/L 0.05
Selenium 0.0003 mg/L 0.0001
Silicon 3.52 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 82.1 mg/L 0.05
Strontium 0.947 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0086 mg/L 0.0001
Uranium 0.666 ug/L 0.002
Vanadium 0.0019 mg/L 0.0001
Zinc 0.020 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHSs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
C-3 West 2019-09-30 16:25:00 Record 604017
Ammonia + Ammonium as N 0.59 mg/L 0.01
Conductivity - Field 0.771 mS/cm
Dissolved Organic Carbon 2.9 mg/L 0.4
Dissolved Oxygen-Field 6.38 mg/L
Escherichia coli 1200 CFU/100mL 0
Hardness (Calculation) 248 mg/L 0.7
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Appendix "A" to Report PW19008(g)/LS19004(f)

P

Laboratory Work Or:

dér

159 of 4
N2 O 4980748

Analyte Result Units MDL
Nitrate as N 1.80 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 1.93 mg/L 0.02
Nitrite as N 0.13 mg/L 0.01
o-Phosphate as P 0.38 mg/L 0.05
pH 8.03 pH 0.01
pH - Field 7.65 pH
Phosphorus Dissolved Total 0.271 mg/L 0.010
Phosphorus Total 0.388 mg/L 0.010
Temperature - Field 15.9 C
Total Biochem. Oxygen Demand <2 mg/L 1
Total Kjeldahl Nitrogen as N 1.1 mg/L 0.2
Total Organic Carbon 3.7 mg/L 0.4
Total Suspended Solids 20.8 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 9.2 ug/L 0.1
Aluminum 0.468 mg/L 0.002
Antimony 0.0003 mg/L 0.0001
Arsenic 0.0015 mg/L 0.0001
Barium 0.0480 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth ~ <0.0001 mg/L 0.0001
Boron 0.193 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 68.9 mg/L 0.05
Chromium 0.0007 mg/L 0.0001
Cobalt 0.0004 mg/L 0.0001
Copper 0.0036 mg/L 0.0001
Dissolved Aluminum 0.004 mg/L 0.002
Dissolved Antimony 0.0003 mg/L 0.0001
Dissolved Arsenic 0.0012 mg/L 0.0001
Dissolved Barium 0.0466 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.204 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 69.8 mg/L 0.05
Dissolved Chromium 0.0001 mg/L 0.0001
Dissolved Cobalt 0.0002 mg/L 0.0001
Dissolved Copper 0.0010 mg/L 0.0001
Dissolved Iron 0.015 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 17.6 mg/L 0.05
Dissolved Manganese 0.0542 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0021 mg/L 0.0001
Dissolved Nickel 0.0013 mg/L 0.0001
Dissolved Potassium 3.74 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 2.80 mg/L 0.01
Dissolved Silver ~ <0.0001 mg/L 0.0001
Dissolved Sodium 89.8 mg/L 0.05
Dissolved Strontium 0.952 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin ~ <0.0001 mg/L 0.0001
Dissolved Titanium 0.0002 mg/L 0.0001
Dissolved Uranium 0.702 ug/L 0.002
Dissolved Vanadium 0.0011 mg/L 0.0001
Dissolved Zinc 0.005 mg/L 0.001
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Appendix "A" to Report PW19008(g)/LS19004(f)

Laboratory Work Order Ko: ' “Po748
Analyte Result Units MDL
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 0.890 mg/L 0.003
Lead 0.0021 mg/L 0.0001
Magnesium 17.9 mg/L 0.05
Manganese 0.0713 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0021 mg/L 0.0001
Nickel 0.0018 mg/L 0.0001
Potassium 3.87 mg/L 0.05
Selenium 0.0002 mg/L 0.0001
Silicon 3.62 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 84.2 mg/L 0.05
Strontium 0.976 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0089 mg/L 0.0001
Uranium 0.690 ug/L 0.002
Vanadium 0.0019 mg/L 0.0001
Zinc 0.021 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHSs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
C-4 West 2019-09-30 16:15:00 Record 604018
Ammonia + Ammonium as N 0.84 mg/L 0.01
Conductivity - Field 0.739 mS/cm
Dissolved Organic Carbon 3.9 mg/L 0.4
Dissolved Oxygen-Field 4.85 mg/L
Escherichia coli 800 CFU/100mL 0
Hardness (Calculation) 233 mg/L 0.7
Nitrate as N 1.64 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 1.73 mg/L 0.02
Nitrite as N 0.09 mg/L 0.01
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Appendix "A" to Report PW19008(g)/LS19004(f)

P

Laboratory Work Or:

dér

161 of 4
NS Of 4980748

Analyte Result Units MDL
o-Phosphate as P 0.33 mg/L 0.05
pH 7.94 pH 0.01
pH - Field 7.52 pH
Phosphorus Dissolved Total 0.217 mg/L 0.010
Phosphorus Total 0.363 mg/L 0.010
Temperature - Field 16.3 C
Total Biochem. Oxygen Demand 2 mg/L 1
Total Kjeldahl Nitrogen as N 1.4 mg/L 0.2
Total Organic Carbon 4.4 mg/L 0.4
Total Suspended Solids 21.2 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 10.1 ug/L 0.1
Aluminum 0.489 mg/L 0.002
Antimony 0.0003 mg/L 0.0001
Arsenic 0.0016 mg/L 0.0001
Barium 0.0492 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth ~ <0.0001 mg/L 0.0001
Boron 0.206 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 63.4 mg/L 0.05
Chromium 0.0008 mg/L 0.0001
Cobalt 0.0004 mg/L 0.0001
Copper 0.0036 mg/L 0.0001
Dissolved Aluminum 0.002 mg/L 0.002
Dissolved Antimony 0.0003 mg/L 0.0001
Dissolved Arsenic 0.0012 mg/L 0.0001
Dissolved Barium 0.0486 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.209 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 65.4 mg/L 0.05
Dissolved Chromium  <0.0001 mg/L 0.0001
Dissolved Cobalt 0.0002 mg/L 0.0001
Dissolved Copper 0.0011 mg/L 0.0001
Dissolved Iron 0.006 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 16.7 mg/L 0.05
Dissolved Manganese 0.0630 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0020 mg/L 0.0001
Dissolved Nickel 0.0018 mg/L 0.0001
Dissolved Potassium 3.75 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 2.75 mg/L 0.01
Dissolved Silver ~ <0.0001 mg/L 0.0001
Dissolved Sodium 82.1 mg/L 0.05
Dissolved Strontium 0.869 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin ~ <0.0001 mg/L 0.0001
Dissolved Titanium 0.0001 mg/L 0.0001
Dissolved Uranium 0.601 ug/L 0.002
Dissolved Vanadium 0.0012 mg/L 0.0001
Dissolved Zinc 0.004 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 0.990 mg/L 0.003
Lead 0.0021 mg/L 0.0001
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Appendix "A" to Report PW19008(g)/LS19004(f)

Page 162 of 406
Laboratory Work Order’ No: 330748

Analyte Result Units MDL
Magnesium 17.0 mg/L 0.05
Manganese 0.0882 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0020 mg/L 0.0001
Nickel 0.0019 mg/L 0.0001
Potassium 3.89 mg/L 0.05
Selenium 0.0003 mg/L 0.0001
Silicon 3.55 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 79.8 mg/L 0.05
Strontium 0.881 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0092 mg/L 0.0001
Uranium 0.602 ug/L 0.002
Vanadium 0.0021 mg/L 0.0001
Zinc 0.020 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHSs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
C-5 East - G6 2019-09-30 16:05:00 Record 604019
Ammonia + Ammonium as N 1.05 mg/L 0.01
Conductivity - Field 0.700 mS/cm
Dissolved Organic Carbon 4.1 mg/L 0.4
Dissolved Oxygen-Field 2.96 mg/L
Escherichia coli 390 CFU/100mL 0
Hardness (Calculation) 223 mg/L 0.7
Nitrate as N 1.44 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 1.51 mg/L 0.02
Nitrite as N 0.07 mg/L 0.01
o-Phosphate as P 0.30 mg/L 0.05
pH 7.87 pH 0.01
pH - Field 7.43 pH
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Appendix "A" to Report PW19008(g)/LS19004(f)

P

Laboratory Work Or:

dér

163 of 4
NS2 Of 4980748

Analyte Result Units MDL
Phosphorus Dissolved Total 0.166 mg/L 0.010
Phosphorus Total 0.314 mg/L 0.010
Temperature - Field 16.3 C
Total Biochem. Oxygen Demand 3 mg/L 1
Total Kjeldahl Nitrogen as N 1.5 mg/L 0.2
Total Organic Carbon 4.5 mg/L 0.4
Total Suspended Solids 26.8 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 10.3 ug/L 0.1
Aluminum 0.598 mg/L 0.002
Antimony 0.0004 mg/L 0.0001
Arsenic 0.0015 mg/L 0.0001
Barium 0.0495 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth ~ <0.0001 mg/L 0.0001
Boron 0.177 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 61.4 mg/L 0.05
Chromium 0.0010 mg/L 0.0001
Cobalt 0.0005 mg/L 0.0001
Copper 0.0041 mg/L 0.0001
Dissolved Aluminum <0.002 mg/L 0.002
Dissolved Antimony 0.0004 mg/L 0.0001
Dissolved Arsenic 0.0012 mg/L 0.0001
Dissolved Barium 0.0472 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.183 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 61.7 mg/L 0.05
Dissolved Chromium  <0.0001 mg/L 0.0001
Dissolved Cobalt 0.0002 mg/L 0.0001
Dissolved Copper 0.0007 mg/L 0.0001
Dissolved Iron 0.011 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 16.7 mg/L 0.05
Dissolved Manganese 0.0762 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0020 mg/L 0.0001
Dissolved Nickel 0.0012 mg/L 0.0001
Dissolved Potassium 3.95 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 2.69 mg/L 0.01
Dissolved Silver ~ <0.0001 mg/L 0.0001
Dissolved Sodium 77.6 mg/L 0.05
Dissolved Strontium 0.869 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin ~ <0.0001 mg/L 0.0001
Dissolved Titanium  <0.0001 mg/L 0.0001
Dissolved Uranium 0.577 ug/L 0.002
Dissolved Vanadium 0.0012 mg/L 0.0001
Dissolved Zinc 0.004 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 1.18 mg/L 0.003
Lead 0.0023 mg/L 0.0001
Magnesium 16.5 mg/L 0.05
Manganese 0.0989 mg/L 0.0001
Mercury <0.05 ug/L 0.05
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Appendix "A" to Report PW19008(g)/LS19004(f)

Laboratory Work OrdSr No! O “Po74s
Analyte Result Units MDL
Molybdenum 0.0020 mg/L 0.0001
Nickel 0.0020 mg/L 0.0001
Potassium 3.92 mg/L 0.05
Selenium 0.0003 mg/L 0.0001
Silicon 3.71 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 72.8 mg/L 0.05
Strontium 0.850 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0112 mg/L 0.0001
Uranium 0.556 ug/L 0.002
Vanadium 0.0023 mg/L 0.0001
Zinc 0.021 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHSs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
C-6 East - G7 2019-09-30 13:40:00 Record 604020
Ammonia + Ammonium as N 0.28 mg/L 0.01
Conductivity - Field 0.711 mS/cm
Dissolved Organic Carbon 4.6 mg/L 0.4
Dissolved Oxygen-Field 9.06 mg/L
Escherichia coli 60 CFU/100mL 0
Hardness (Calculation) 257 mg/L 0.7
Nitrate as N 0.35 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 0.35 mg/L 0.02
Nitrite as N <0.05 mg/L 0.05
o-Phosphate as P <0.05 mg/L 0.05
pH 8.27 pH 0.01
pH - Field 8.20 pH
Phosphorus Dissolved Total <0.010 mg/L 0.010
Phosphorus Total 0.169 mg/L 0.010
Temperature - Field 171 C
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Appendix "A" to Report PW19008(g)/LS19004(f)

P

Laboratory Work Or:

dér

165 of 4
NG2 O 4980748

Analyte Result Units MDL
Total Biochem. Oxygen Demand 7 mg/L 1
Total Kjeldahl Nitrogen as N 1.3 mg/L 0.2
Total Organic Carbon 5.2 mg/L 0.4
Total Suspended Solids 37.6 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 16.4 ug/L 0.1
Aluminum 0.585 mg/L 0.002
Antimony 0.0003 mg/L 0.0001
Arsenic 0.0016 mg/L 0.0001
Barium 0.0640 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth ~ <0.0001 mg/L 0.0001
Boron 0.104 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 67.0 mg/L 0.05
Chromium 0.0010 mg/L 0.0001
Cobalt 0.0005 mg/L 0.0001
Copper 0.0043 mg/L 0.0001
Dissolved Aluminum <0.002 mg/L 0.002
Dissolved Antimony 0.0003 mg/L 0.0001
Dissolved Arsenic 0.0009 mg/L 0.0001
Dissolved Barium 0.0521 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.109 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 67.2 mg/L 0.05
Dissolved Chromium  <0.0001 mg/L 0.0001
Dissolved Cobalt 0.0001 mg/L 0.0001
Dissolved Copper 0.0004 mg/L 0.0001
Dissolved Iron 0.007 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 20.5 mg/L 0.05
Dissolved Manganese 0.0228 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0068 mg/L 0.0001
Dissolved Nickel 0.0012 mg/L 0.0001
Dissolved Potassium 5.00 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 243 mg/L 0.01
Dissolved Silver ~ <0.0001 mg/L 0.0001
Dissolved Sodium 70.2 mg/L 0.05
Dissolved Strontium 0.954 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin  <0.0001 mg/L 0.0001
Dissolved Titanium  <0.0001 mg/L 0.0001
Dissolved Uranium 0.966 ug/L 0.002
Dissolved Vanadium 0.0003 mg/L 0.0001
Dissolved Zinc 0.002 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 1.34 mg/L 0.003
Lead 0.0030 mg/L 0.0001
Magnesium 21.7 mg/L 0.05
Manganese 0.160 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0067 mg/L 0.0001
Nickel 0.0023 mg/L 0.0001
Potassium 5.54 mg/L 0.05
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Appendix "A" to Report PW19008(g)/LS19004(f)

Laboratory Work Order No: ' “Po748
Analyte Result Units MDL
Selenium 0.0002 mg/L 0.0001
Silicon 3.62 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 65.3 mg/L 0.05
Strontium 1.05 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0121 mg/L 0.0001
Uranium 1.02 ug/L 0.002
Vanadium 0.0020 mg/L 0.0001
Zinc 0.020 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) 0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHSs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
G-12019-09-30 17:00:00 Record 604021
Ammonia + Ammonium as N 0.07 mg/L 0.01
Conductivity - Field 0.729 mS/cm
Dissolved Organic Carbon 25 mg/L 0.4
Dissolved Oxygen-Field 10.4 mg/L
Escherichia coli 2800 CFU/100mL 0
Hardness (Calculation) 249 mg/L 0.7
Nitrate as N 1.94 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 2.14 mg/L 0.02
Nitrite as N 0.20 mg/L 0.01
o-Phosphate as P 0.44 mg/L 0.05
pH 8.42 pH 0.01
pH - Field 8.36 pH
Phosphorus Dissolved Total 0.420 mg/L 0.010
Phosphorus Total 0.428 mg/L 0.010
Temperature - Field 15.7 C
Total Biochem. Oxygen Demand <2 mg/L 1
Total Kjeldahl Nitrogen as N 0.5 mg/L 0.2
Total Organic Carbon 24 mg/L 0.4
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Appendix "A" to Report PW19008(g)/LS19004(f)
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Laboratory Work Or:

dér

167 of 4
NS! O 4980748

Analyte Result Units MDL
Total Suspended Solids 5.3 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 5.3 ug/L 0.1
Aluminum 0.160 mg/L 0.002
Antimony 0.0002 mg/L 0.0001
Arsenic 0.0013 mg/L 0.0001
Barium 0.0386 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth ~ <0.0001 mg/L 0.0001
Boron 0.143 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 69.9 mg/L 0.05
Chromium 0.0002 mg/L 0.0001
Cobalt 0.0002 mg/L 0.0001
Copper 0.0030 mg/L 0.0001
Dissolved Aluminum 0.013 mg/L 0.002
Dissolved Antimony 0.0002 mg/L 0.0001
Dissolved Arsenic 0.0012 mg/L 0.0001
Dissolved Barium 0.0385 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.147 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 71.0 mg/L 0.05
Dissolved Chromium 0.0001 mg/L 0.0001
Dissolved Cobalt  <0.0001 mg/L 0.0001
Dissolved Copper 0.0019 mg/L 0.0001
Dissolved Iron 0.019 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 17.5 mg/L 0.05
Dissolved Manganese 0.0118 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0021 mg/L 0.0001
Dissolved Nickel 0.0010 mg/L 0.0001
Dissolved Potassium 3.32 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 2.68 mg/L 0.01
Dissolved Silver ~ <0.0001 mg/L 0.0001
Dissolved Sodium 81.9 mg/L 0.05
Dissolved Strontium 1.09 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin  <0.0001 mg/L 0.0001
Dissolved Titanium 0.0002 mg/L 0.0001
Dissolved Uranium 0.750 ug/L 0.002
Dissolved Vanadium 0.0007 mg/L 0.0001
Dissolved Zinc 0.009 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 0.227 mg/L 0.003
Lead 0.0005 mg/L 0.0001
Magnesium 17.5 mg/L 0.05
Manganese 0.0181 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0020 mg/L 0.0001
Nickel 0.0012 mg/L 0.0001
Potassium 3.35 mg/L 0.05
Selenium 0.0002 mg/L 0.0001
Silicon 3.04 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
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Appendix "A" to Report PW19008(g)/LS19004(f)

Laboratory Work OrdSr No: " D748
Analyte Result Units MDL
Sodium 78.0 mg/L 0.05
Strontium 1.10 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0037 mg/L 0.0001
Uranium 0.741 ug/L 0.002
Vanadium 0.0010 mg/L 0.0001
Zinc 0.017 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHSs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
G-4 2019-09-30 16:40:00 Record 604022
Ammonia + Ammonium as N 0.40 mg/L 0.01
Conductivity - Field 0.780 mS/cm
Dissolved Organic Carbon 2.6 mg/L 0.4
Dissolved Oxygen-Field 7.01 mg/L
Escherichia coli 1900 CFU/100mL 0
Hardness (Calculation) 257 mg/L 0.7
Nitrate as N 2.07 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 2.35 mg/L 0.02
Nitrite as N 0.28 mg/L 0.01
o-Phosphate as P 0.43 mg/L 0.05
pH 8.06 pH 0.01
pH - Field 7.67 pH
Phosphorus Dissolved Total 0.343 mg/L 0.010
Phosphorus Total 0.425 mg/L 0.010
Temperature - Field 15.7 C
Total Biochem. Oxygen Demand <2 mg/L 1
Total Kjeldahl Nitrogen as N 1.2 mg/L 0.2
Total Organic Carbon 2.8 mg/L 0.4
Total Suspended Solids 10.3 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 6.5 ug/L 0.1
Aluminum 0.307 mg/L 0.002
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169 of 4
NS? O 4980748

Analyte Result Units MDL
Antimony 0.0002 mg/L 0.0001
Arsenic 0.0014 mg/L 0.0001
Barium 0.0460 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth ~ <0.0001 mg/L 0.0001
Boron 0.169 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 71.6 mg/L 0.05
Chromium 0.0004 mg/L 0.0001
Cobalt 0.0003 mg/L 0.0001
Copper 0.0035 mg/L 0.0001
Dissolved Aluminum 0.004 mg/L 0.002
Dissolved Antimony 0.0002 mg/L 0.0001
Dissolved Arsenic 0.0013 mg/L 0.0001
Dissolved Barium 0.0434 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.175 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 72.4 mg/L 0.05
Dissolved Chromium  <0.0001 mg/L 0.0001
Dissolved Cobalt 0.0001 mg/L 0.0001
Dissolved Copper 0.0012 mg/L 0.0001
Dissolved Iron 0.009 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 18.1 mg/L 0.05
Dissolved Manganese 0.0398 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0022 mg/L 0.0001
Dissolved Nickel 0.0012 mg/L 0.0001
Dissolved Potassium 3.75 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 2.79 mg/L 0.01
Dissolved Silver  <0.0001 mg/L 0.0001
Dissolved Sodium 93.4 mg/L 0.05
Dissolved Strontium 1.02 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin ~ <0.0001 mg/L 0.0001
Dissolved Titanium 0.0002 mg/L 0.0001
Dissolved Uranium 0.741 ug/L 0.002
Dissolved Vanadium 0.0009 mg/L 0.0001
Dissolved Zinc 0.009 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 0.628 mg/L 0.003
Lead 0.0012 mg/L 0.0001
Magnesium 18.4 mg/L 0.05
Manganese 0.0504 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0021 mg/L 0.0001
Nickel 0.0017 mg/L 0.0001
Potassium 3.84 mg/L 0.05
Selenium 0.0003 mg/L 0.0001
Silicon 3.26 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 87.9 mg/L 0.05
Strontium 1.02 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
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Appendix "A" to Report PW19008(g)/LS19004(f)

Laboratory Work OrdSr No: O “Po74s
Analyte Result Units MDL
Tin  <0.0001 mg/L 0.0001
Titanium 0.0060 mg/L 0.0001
Uranium 0.730 ug/L 0.002
Vanadium 0.0014 mg/L 0.0001
Zinc 0.021 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHSs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
R-12019-09-30 13:20:00 Record 604023
Ammonia + Ammonium as N 0.03 mg/L 0.01
Conductivity - Field 1.200 mS/cm
Dissolved Organic Carbon 24 mg/L 0.4
Dissolved Oxygen-Field 8.67 mg/L
Escherichia coli 10 CFU/100mL 0
Hardness (Calculation) 414 mg/L 0.7
Nitrate as N 0.33 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 0.33 mg/L 0.02
Nitrite as N <0.05 mg/L 0.05
o-Phosphate as P <0.05 mg/L 0.05
pH 8.1 pH 0.01
pH - Field 7.76 pH
Phosphorus Dissolved Total <0.010 mg/L 0.010
Phosphorus Total <0.010 mg/L 0.010
Temperature - Field 18.1 C
Total Biochem. Oxygen Demand <2 mg/L 1
Total Kjeldahl Nitrogen as N 0.3 mg/L 0.2
Total Organic Carbon 2.9 mg/L 0.4
Total Suspended Solids 3.4 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 0.7 ug/L 0.1
Aluminum 0.024 mg/L 0.002
Antimony 0.0002 mg/L 0.0001
Arsenic 0.0006 mg/L 0.0001
Barium 0.0626 mg/L 0.0001
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Analyte Result Units MDL
Beryllium  <0.0001 mg/L 0.0001
Bismuth ~ <0.0001 mg/L 0.0001
Boron 0.131 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 117 mg/L 0.05
Chromium  <0.0001 mg/L 0.0001
Cobalt  <0.0001 mg/L 0.0001
Copper 0.0012 mg/L 0.0001
Dissolved Aluminum <0.002 mg/L 0.002
Dissolved Antimony 0.0002 mg/L 0.0001
Dissolved Arsenic 0.0005 mg/L 0.0001
Dissolved Barium 0.0611 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.141 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 118 mg/L 0.05
Dissolved Chromium  <0.0001 mg/L 0.0001
Dissolved Cobalt  <0.0001 mg/L 0.0001
Dissolved Copper 0.0010 mg/L 0.0001
Dissolved Iron 0.004 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 28.9 mg/L 0.05
Dissolved Manganese 0.101 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0021 mg/L 0.0001
Dissolved Nickel 0.0007 mg/L 0.0001
Dissolved Potassium 4.87 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 3.80 mg/L 0.01
Dissolved Silver  <0.0001 mg/L 0.0001
Dissolved Sodium 124 mg/L 0.05
Dissolved Strontium 2.58 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin ~ <0.0001 mg/L 0.0001
Dissolved Titanium 0.0001 mg/L 0.0001
Dissolved Uranium 1.47 ug/L 0.002
Dissolved Vanadium 0.0001 mg/L 0.0001
Dissolved Zinc 0.004 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 0.140 mg/L 0.003
Lead 0.0001 mg/L 0.0001
Magnesium 28.9 mg/L 0.05
Manganese 0.136 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0020 mg/L 0.0001
Nickel 0.0007 mg/L 0.0001
Potassium 5.01 mg/L 0.05
Selenium 0.0002 mg/L 0.0001
Silicon 3.97 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 121 mg/L 0.05
Strontium 2.61 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0006 mg/L 0.0001
Uranium 1.46 ug/L 0.002
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Analyte Result Units MDL
Vanadium 0.0002 mg/L 0.0001
Zinc 0.005 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
R-2 2019-09-30 13:00:00 Record 604024
Ammonia + Ammonium as N <0.01 mg/L 0.01
Conductivity - Field 1.205 mS/cm
Dissolved Organic Carbon 24 mg/L 0.4
Dissolved Oxygen-Field 9.75 mg/L
Escherichia coli 30 CFU/100mL 0
Hardness (Calculation) 457 mg/L 0.7
Nitrate as N 0.31 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 0.31 mg/L 0.02
Nitrite as N <0.05 mg/L 0.05
o-Phosphate as P <0.05 mg/L 0.05
pH 8.14 pH 0.01
pH - Field 8.02 pH
Phosphorus Dissolved Total <0.010 mg/L 0.010
Phosphorus Total <0.010 mg/L 0.010
Temperature - Field 18.4 C
Total Biochem. Oxygen Demand <2 mg/L 1
Total Kjeldahl Nitrogen as N <0.2 mg/L 0.2
Total Organic Carbon 3.4 mg/L 0.4
Total Suspended Solids <2 mg/L 2
Unionized Ammonia as NH3 at Field Temperature (Calculation) <0.4 ug/L 0.4
Aluminum 0.012 mg/L 0.002
Antimony 0.0002 mg/L 0.0001
Arsenic 0.0005 mg/L 0.0001
Barium 0.0592 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth  <0.0001 mg/L 0.0001
Boron 0.129 mg/L 0.010
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Analyte Result Units MDL
Cadmium  <0.0001 mg/L 0.0001
Calcium 115 mg/L 0.05
Chromium  <0.0001 mg/L 0.0001
Cobalt  <0.0001 mg/L 0.0001
Copper 0.0011 mg/L 0.0001
Dissolved Aluminum <0.002 mg/L 0.002
Dissolved Antimony 0.0002 mg/L 0.0001
Dissolved Arsenic 0.0005 mg/L 0.0001
Dissolved Barium 0.0624 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.137 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 136 mg/L 0.05
Dissolved Chromium  <0.0001 mg/L 0.0001
Dissolved Cobalt  <0.0001 mg/L 0.0001
Dissolved Copper 0.0010 mg/L 0.0001
Dissolved Iron 0.004 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 28.6 mg/L 0.05
Dissolved Manganese 0.106 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0020 mg/L 0.0001
Dissolved Nickel 0.0007 mg/L 0.0001
Dissolved Potassium 4.96 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 4.41 mg/L 0.01
Dissolved Silver ~ <0.0001 mg/L 0.0001
Dissolved Sodium 123 mg/L 0.05
Dissolved Strontium 2.57 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin  <0.0001 mg/L 0.0001
Dissolved Titanium  <0.0001 mg/L 0.0001
Dissolved Uranium 1.45 ug/L 0.002
Dissolved Vanadium 0.0001 mg/L 0.0001
Dissolved Zinc 0.003 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 0.119 mg/L 0.003
Lead <0.0001 mg/L 0.0001
Magnesium 27.9 mg/L 0.05
Manganese 0.125 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0020 mg/L 0.0001
Nickel 0.0007 mg/L 0.0001
Potassium 4.78 mg/L 0.05
Selenium 0.0002 mg/L 0.0001
Silicon 3.79 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 118 mg/L 0.05
Strontium 2.52 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0003 mg/L 0.0001
Uranium 1.45 ug/L 0.002
Vanadium 0.0002 mg/L 0.0001
Zinc 0.004 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
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Analyte Result Units MDL
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1
PAHSs Total (Subcontract) <2 ug/L 2
Naphthalene (Subcontract) <0.5 ug/L 0.5
Boat Launch 2019-09-30 13:50:00 Record 604025
Ammonia + Ammonium as N 0.18 mg/L 0.01
Conductivity - Field 0.710 mS/cm
Dissolved Organic Carbon 44 mg/L 0.4
Dissolved Oxygen-Field 10.46 mg/L
Escherichia coli 30 CFU/100mL 0
Hardness (Calculation) 259 mg/L 0.7
Nitrate as N 0.34 mg/L 0.01
Nitrate+Nitrite as N (Calculation) 0.34 mg/L 0.02
Nitrite as N <0.05 mg/L 0.05
o-Phosphate as P <0.05 mg/L 0.05
pH 8.32 pH 0.01
pH - Field 8.41 pH
Phosphorus Dissolved Total <0.010 mg/L 0.010
Phosphorus Total 0.173 mg/L 0.010
Temperature - Field 171 C
Total Biochem. Oxygen Demand 9 mg/L 1
Total Kjeldahl Nitrogen as N 1.3 mg/L 0.2
Total Organic Carbon 5.3 mg/L 0.4
Total Suspended Solids 35.4 mg/L 0.8
Unionized Ammonia as NH3 at Field Temperature (Calculation) 16.6 ug/L 0.1
Aluminum 0.496 mg/L 0.002
Antimony 0.0003 mg/L 0.0001
Arsenic 0.0015 mg/L 0.0001
Barium 0.0622 mg/L 0.0001
Beryllium  <0.0001 mg/L 0.0001
Bismuth  <0.0001 mg/L 0.0001
Boron 0.100 mg/L 0.010
Cadmium  <0.0001 mg/L 0.0001
Calcium 68.7 mg/L 0.05
Chromium 0.0011 mg/L 0.0001
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Analyte Result Units MDL
Cobalt 0.0004 mg/L 0.0001
Copper 0.0034 mg/L 0.0001
Dissolved Aluminum <0.002 mg/L 0.002
Dissolved Antimony 0.0003 mg/L 0.0001
Dissolved Arsenic 0.0009 mg/L 0.0001
Dissolved Barium 0.0581 mg/L 0.0001
Dissolved Beryllium  <0.0001 mg/L 0.0001
Dissolved Bismuth ~ <0.0001 mg/L 0.0001
Dissolved Boron 0.103 mg/L 0.010
Dissolved Cadmium  <0.0001 mg/L 0.0001
Dissolved Calcium 66.7 mg/L 0.05
Dissolved Chromium  <0.0001 mg/L 0.0001
Dissolved Cobalt 0.0001 mg/L 0.0001
Dissolved Copper 0.0005 mg/L 0.0001
Dissolved Iron 0.008 mg/L 0.003
Dissolved Lead  <0.0001 mg/L 0.0001
Dissolved Magnesium 20.4 mg/L 0.05
Dissolved Manganese 0.0076 mg/L 0.0001
Dissolved Mercury <0.05 ug/L 0.05
Dissolved Molybdenum 0.0068 mg/L 0.0001
Dissolved Nickel 0.0013 mg/L 0.0001
Dissolved Potassium 5.05 mg/L 0.05
Dissolved Selenium 0.0002 mg/L 0.0001
Dissolved Silicon 2.45 mg/L 0.01
Dissolved Silver ~ <0.0001 mg/L 0.0001
Dissolved Sodium 67.4 mg/L 0.05
Dissolved Strontium 0.983 mg/L 0.0005
Dissolved Thallium  <0.0003 mg/L 0.0003
Dissolved Tin  <0.0001 mg/L 0.0001
Dissolved Titanium  <0.0001 mg/L 0.0001
Dissolved Uranium 0.983 ug/L 0.002
Dissolved Vanadium 0.0004 mg/L 0.0001
Dissolved Zinc 0.001 mg/L 0.001
Dissolved Zirconium  <0.0004 mg/L 0.0004
Iron 1.12 mg/L 0.003
Lead 0.0026 mg/L 0.0001
Magnesium 21.2 mg/L 0.05
Manganese 0.148 mg/L 0.0001
Mercury <0.05 ug/L 0.05
Molybdenum 0.0068 mg/L 0.0001
Nickel 0.0020 mg/L 0.0001
Potassium 5.27 mg/L 0.05
Selenium 0.0002 mg/L 0.0001
Silicon 3.51 mg/L 0.01
Silver  <0.0001 mg/L 0.0001
Sodium 64.4 mg/L 0.05
Strontium 1.04 mg/L 0.0005
Thallium  <0.0003 mg/L 0.0003
Tin  <0.0001 mg/L 0.0001
Titanium 0.0102 mg/L 0.0001
Uranium 0.987 ug/L 0.002
Vanadium 0.0018 mg/L 0.0001
Zinc 0.015 mg/L 0.001
Zirconium  <0.0004 mg/L 0.0004
1-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
2-methylnaphthalene (Subcontract) <0.5 ug/L 0.5
7H-dibenzo(c,g)carbazole (Subcontract) <0.1 ug/L 0.1
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Analyte Result Units MDL
Acenaphthene (Subcontract) <0.1 ug/L 0.1
Acenaphthylene (Subcontract) <0.1 ug/L 0.1
Anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]anthracene (Subcontract) <0.1 ug/L 0.1
Benzo[a]pyrene (Subcontract) <0.01 ug/L 0.01
Benzolb/jlfluoranthene (Subcontract) <0.1 ug/L 0.1
Benzo[e]pyrene (Subcontract) <0.1 ug/L 0.1
Benzolg,h,i]perylene (Subcontract) <0.2 ug/L 0.2
Benzolk]fluoranthene (Subcontract) <0.1 ug/L 0.1
Chrysene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,i)pyrene (Subcontract) <0.1 ug/L 0.1
Dibenzo(a,j)acridine (Subcontract) <0.1 ug/L 0.1
Dibenzo[a,h]anthracene (Subcontract) <0.1 ug/L 0.1
Fluoranthene (Subcontract) <0.1 ug/L 0.1
Fluorene (Subcontract) <0.1 ug/L 0.1
indeno[1,2,3-cd]pyrene (Subcontract) <0.2 ug/L 0.2
Perylene (Subcontract) <0.5 ug/L 0.5
Phenanthrene (Subcontract) <0.1 ug/L 0.1
Pyrene (Subcontract) <0.1 ug/L 0.1

PAHSs Total (Subcontract) <2 ug/L 2

Naphthalene (Subcontract) <0.5 ug/L 0.5

Report Comment: Total PAHs is the sum of the individual PAH compounds reported.
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APPENDIX C
Ecological Receptors Supporting Information

Ecological Risk Assessment
Chedoke Creek

Hamilton, Ontario

SLR Project No.: 209.40666.00000
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Photograph 2. Riparian bank edged with armour stone along Chedoke Creek.

Ecological Risk Assessment

~
S LR@ Chedoke Creek
Hamilton, Ontario

SITE PHOTOGRAPHS SLR Project No.: 209.40666.00001
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Photograph 4.

October 01, 2019

Treed vegetation found along the Chedoke Creek.

SLR®

Ecological Risk Assessment
Chedoke Creek
Hamilton, Ontario

SITE PHOTOGRAPHS

SLR Project No.: 209.40666.00001
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October 0252089

Photograph 5. Band of Cultural Meadow found along eastern banks of Chedoke Creek.

Octoberr0252

Photograph 6. Evidence of previous restoration efforts along shoreline.

Ecological Risk Assessment

P
S LRa Chedoke Creek
Hamilton, Ontario

SITE PHOTOGRAPHS SLR Project No.: 209.40666.00001
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Photograph 8. Another example of Mixed Shallow Aquatic (SA) areas along the creek.

Ecological Risk Assessment

S LR@ Chedoke Creek
Hamilton, Ontario

SITE PHOTOGRAPHS SLR Project No.: 209.40666.00001
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October 01, 2019

Photograph 9. Example of shallow vegetation that provide opportunities for fish and wildlife.
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Photograph 10. Great Egret sitting within the shallow vegetation at Chedoke Creek.

Ecological Risk Assessment

S LR@ Chedoke Creek
Hamilton, Ontario

SITE PHOTOGRAPHS SLR Project No.: 209.40666.00001




209.40666

Hamilton Fish List

Recorded fish community observed in seining and
electrofishing fish surveys since 1970. Data from the watersheds were obtained from over 600
unpublished studies and were compiled into databases by the Hamilton Conservation Authority and
Conservation Halton. Data from Cootes Paradise and Hamilton Harbour were from electrofishing, and

entrapment surveys by DFO, RBG, and OMNR. Abundance Levels are based on quartiles with “1” as the lowest, and “4” as

the highest relative abundance.
Bowlby et Al, 2009

Cootes Paradise / Chedoke Creek

* Strikeouts - Listed in SNC report but not listed in Bowlby 2009. Bowlby Considered more relevant to Study Area

Scientific Name

Notropis atherinoides

N. hudsonius
Castostomus commersoni
Ameiurus nebulosus
Ictalurus punctatus
Lepomis gibbosus
Micropterus salmoides
Perca flavescens
Aplodinotus grunniens
Amia calva

Esox lucius

Pimephales notatus

P. promelas

Ambloplites rupestris
Lepomis cyanellus
Pomoxis nigromaculatus
Etheostoma nigrum
Labidesthes sicculus
Lepisosteus osseus
Luxilus cornutus
Notemigonus crysoleucas
Ameiurus melas

Noturus gyrinus
Micropterus dolomieu
Sander vitreus

Ictiobus cyprinellus
Moxostoma macrolepidotum
Lepisosteus osseus

N. micropogon

N. ludibundus

R. cataractae

Semotilus atromaculatus
Morone chrysops
Pomoxis annularis
Moxostoma anisurum
Moxostoma valenciennesi
Moxostoma erythrurum

Lampeireaposndh:
Salvelinus fontinali
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** Invaders and Cold Water Species are Excluded

Species

Emerald shiner
Spottail shiner
Common white sucker
Brown bullhead
Channel Catfish
Pumpkinseed
Largemouth bass
Yellow perch
Fresh Water Drum
Bowfin

Northern pike
Bluntnose minnow
Fathead minnow
Rock bass

Green sunfish
Black crappie
Johny Darter
Brook Silverside
Longnose gar
Common shiner
Golden shiner
Black Bullhead
Tadpole Madtom
Smallmouth bass
Walleye

Bigmouth Bufflo
Shorthead Redhorse
Spotted gar

River chub

Sand shiner
Longnose dace
Creek chub

White bass

White crappie
Silver Redhorse
Greater Redhorse
Goldern Redhorse

Abundance
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Brook-trout



Appendix "A" to Report PW19008(g)/LS19004(f)
Page 185 of 406

Umbretma-Ceantral ravdminnew
Chresermussos Meortheraredbally does
Cneegesus Einescaledace
Chnestormuselenceies Pedsidedoes
=begnathve-hanldnsonl Brecsyminnow
blecomic bigubiatus merheadehub
Mlefranis heterslasis Bleclknesa shiner
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Matresis uolusallng Simais shinar
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Losdles chosocephalus Sirioed-shiner
Sapaetilns marcardia Pearldace

SSI : S B Ilgl |
L. macrochirus Bluegill

4 | Rainl |

E flabell £ i

Cootes Paradise Heritage Lands Management Plan , Inventory, Issues and Opportunities, May 2018 (CPHLI, 2018),
DFO SAR MAPS , 2019

Northern Brook Lamprey (SC) Ichthyomyzon fossor (CPHLI, 2018) - 1997 (historic), DFO
Eastern Pondmussel (SC) Ligumia nasuta (CPHLI, 2018), DFO
Mapleleaf Mussel (SC) Quadrula quadrula (CPHLI, 2018), DFO
Lilliput (THR) Toxolasma parvum (CPHLI, 2018), DFO
DO NOT INCLUDE - HABITATS NOT RELANT SOURCES (DATES) CANNOT SOURCE
NOT OBSERVED - Hendrie Valley Report (2018) or by LISTED BY DFO - EXCLUDE
LaleShrgeontTHR) Acipenserfulvescens -CPHLL, 2018 Historie-
Spotted-Gar{THR) Lepisosteus-oculatus- -CPHLI-2048
American-Eel{END) Anguillarostrata- -CPHLE-2018
Redside-Dace(END) Clinostomus-elongatus- -CPHLI-2018-1950(historic)
Black-Redhorse {END) Moxostoma-duguesnei -CPRHLE-2018

S . CPHLL 2018
s”sﬁ THR ! g9 y - CPHLL 2018
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209.40666.000 Flora
Chedoke Creek - Flora Screening

The following represents a selection of dominate vegetation known to occur and or observed within the
Chedoke Creek Study Area

Source: SLR Consulting Canada, 2019 Field Inventories, Hamilton Conservation (Various Resources),
Royal Botanical Garden (Various Resources).

RBG - Princes Point / TPO1 - FOD
Cootes Paradise Sanctuary 15 Dry Tall
Coronation Park Grass

Cootes Paradise Sanctuary 1 Prarie

Species Botantial
Emergent Species
American Bulrush
Blueflag Iris

Broad-leaved Cattail
Broad-leaved Arrowhead
Common Reed
Narrow-leaved Cattail
Narrow-leaved Arrowhead
Pickerel Weed

Reed Canary Grass
Water Plantain

Water Smartweed

Submerent Species

Brittle Naiad

Canada Waterweed
Coontail

Curly-leaved Pondweed
Eurasian Milfoil
Floating-leaved Pondweed
Sago Pondweed

Floating Leaf
Duckweed Sp.
White Water lily
Yellow Water Lily

Source:
Cootes Paradise Heritage Lands Management Plan , Inventory, Issues and Opportunities, May 2018

Hamilton Conservation Authority (HCA) 2008. Chedoke Creek Subwatershed Stewardship Action Plan
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APPENDIX D
ERA Analytical Chemistry Dataset

Ecological Risk Assessment
Chedoke Creek

Hamilton, Ontario

SLR Project No.: 209.40666.00000
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City of Hamilton SLR Project No.: 209.40666.00000
Ecological Risk Assessment January 2020
Carbon Particle Size
g g s
= | € 1]
S €| 2| E
TABLE D-1: SOIL -PHYSICAL PARAMETERS 2 E 2 £ F
(S| 52)3
(o] g k-] ) b
= e 5| =2 | B
-'6 bo w (7] [*]
[ XXX
ug/g % | % % | %
|ON PSQG LEL 10000
Sample
Sample Depth Sample
Site Area Location (mbg) Date Sample ID Matrix Description
c-1 C-1 West 0-0.15 2019-Oct-2 |C1 WEST Grab 26,000 | <2 | 69 | 27 | 4
c-3 C-3 West 0-0.15 2019-Oct-2 |C3 WEST Grab 39,000 | <2 | 39 | 53| 8
C-4 C-4 West 0-0.15 2019-Oct-1 |C4 WEST Grab 47,000 @ <2 | 32 | 61 | 7.3
G-4 G-4 Comp 0-0.15 2019-Oct-2 |G4 Grab 31,000 | <2 | 49 | 45 | 5.9
G-5 G-5 Comp 0-0.15 2019-Oct-2 |C3 CENTRE /G5 |Grab 20,000 | <2 | 83 | 11 | 43
G-6 G-6 Comp 0-0.15 2019-Oct-1 |C5EAST/G6 Grab 39,000 | <2 | 28 | 56 | 16

Standards / Guidelines Descriptions:
e ON PSQG LEL:Ontario Provincial Sediment Quality Guideline - Lowest Effect Level
e ON PSQG SEL:Ontario Provincial Sediment Quality Guideline - Severe Effect Level

Notes:

m - metres

ug/g - micrograms per gram

'-'- sample not analyzed for parameter indicated

o formatting of cells indicates exceedances of like-formatted standards

e where many exceedance formats are used, highlighted results reflect the least stringent
standard/guideline exceeded

um - micrometres

e laboratory reports detail detection limits, testing protocols and QA/QC procedures.

% - percent

'-'- sample not analyzed for parameter indicated

> - denotes particle size greater than 75 micrometres

SLR 10of1
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City of Hamilton SLR Project No.: 209.40666.00000
Ecological Risk Assessment January 2020
Inorganics Ecological
=
@
&
£
=
] ®
£ g g
2
TABLE D-4: SEDIMENT -NUTRIENTS & BACTERIA £ g = | £ E " "
=z ¥ % % 2 g E
sl 8| | 8| 8= £ 2
s | 8| £ 1 S | o = =
§ §| 5| & | ¢ = = o S
EE| 3 £ 8% El T 3
= by
E|E | 2| € | 8| ¢ w 2 2
ug/g | ve/s | we/s | ue/s | pe/g | we/g | MPN/100g | MPN/100g | MPN/100g
Reported Detection Limit 2 5 2000 1 10 20 20 20
ON PSQG LEL 550 600
Sample
Sample Depth Matrix
Site Area Location (mbg) Sample Date Sample ID Description
c1 €1 West 0015 |2018-Sep-18 |C-1<15 (10:40) Core <100| - | 500 - - | 598 - 12,000 -
2019-Oct-2  |C1 WEST Grab - 3.6 | 5.8 | <2000 <1 | 715 3500 3500 160000
C-2 C-2 West 0-0.15 2018-Sep-18 |C-2<15(11:10) Core 200 - 1000 - - 837 - 21,000 -
c-3 C-3 East 0-0.15 |2018-Sep-18 |C-3A<15 (16:50) Core <100| - 800 - - 642 - 19,000 -
C-3 Centre 0-0.15 2018-Sep-18 |C-3B<15 (16:35) Core <100 - 600 - - 660 - 43,000 -
-3 West 0-0.15 2018-Sep-18 |C-3C<15 (16:20) Core 400 - | 1900 - - | 1622 - 45,000 -
2019-Oct-2 C3 WEST Grab - 26 95 3000 | 3.1 | 1170 5400 5400 92000
c-4 C-4 East 0-0.15 |2018-Sep-19 |C-4A<15 14:35 Core 100 - | 1000 - - 861 - 10,000 -
C-4 Centre 0-0.15 2018-Sep-19 |C-4B<15 15:15 Core <100 - 600 - - 718 - 17,000 -
C-4 West 0-0.15 2018-Sep-19 | C-4C<15 15:35 Core 300 - | 1600 - - | 1260 - 11,000 -
2019-Oct-1 C4 WEST Grab - 190 | 330 | 4000 | 4.6 | 1560 2800 2800 92000
C-5 C-5 East 0-0.15 |2018-Sep-19 |C-5A<15 14:10 Core 200 - 900 - - 978 - 3000 -
C-5 Centre 0-0.15 2018-Sep-19 |C-5B<15 13:15 Core <100 - 500 - - 781 - 10,000 -
C-5 West 0-0.15 |2018-Sep-19 |C-5C<15 14:20 Core 200 - | 1200 - - | 1120 - <1000 -
G-1 G-1 Comp 0-0.1 |2018-Sep-18 |G-1 Comp (10:30) Grab <100, - | 900 - - | 690 - 8000 -
G-2 G-2 Comp 0-0.1 |2018-Sep-18 |G2-Comp (12:00) Grab <100| - 400 - - 628 - 16,000 -
G-3 G-3 Comp 0-0.1 2018-Sep-18 |G3-Comp (13:40) Grab <100 - 600 - - 795 - 37,000 -
G-4 G-4 Comp 0-0.1 2018-Sep-18 |G4-Comp (15:20) Grab <100 - 400 - - 737 - 38,000 -
0-0.15 2019-Oct-2 G4 - 27 47 | <2000 | 2.4 | 993 2400 2400 160000
G-5 0-0.1 2018-Sep-18 |G-5 Comp (17:10) Grab - - - - - - - 24,000 -
G-5 Comp ’ 2018-Sep-19 |G-5 Comp 15:55 <100 - 800 - - 756 - 30,000 -
0-0.15 |2019-Oct-2  |C3 CENTRE / G5 Grab - 13 35 | <2000 1.1 | 871 5400 5400 92000
G-6 G-6 Comp 0-0.15 2019-Oct-1 C5 EAST / G6 Grab - 130 | 180 | 3000 1.7 | 904 5400 5400 13000

Standards / Guidelines Descriptions:
* ON PSQG LEL:Ontario Provincial Sediment Quality Guideline - Lowest Effect Level
* ON PSQG SEL:Ontario Provincial Sediment Quality Guideline - Severe Effect Level

Notes:

m - metres

ug/g - micrograms per gram

MPN - most probable number

< - less than reported detection limit

'-' - sample not analyzed for parameter indicated

« formatting of cells indicates exceedances of like-formatted standards

* where many exceedance formats are used, highlighted results reflect the least stringent standard/guideline exceeded
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City of Hamilton
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SLR Project No.: 209.40666.00000

Ecological Risk Assessment January 2020
Inorganics Ecological Physical
Parameters
=
"
Lﬂ_
£
3
s | 2
2
TABLE D-7: DEEP SEDIMENT -NUTRIENTS & BACTERIA E s "
k-] X £
& | = 3 S
2|l =] 8 S g
s | § | 5 o 2
E| 3| ¢ g 8
E £ £ & £
He/g | He/g | we/g| MPN/100g %
ON PSQG LEL 550 | 600
Sample Sample
Site Area Location Depth (mbg) Sample Date Sample ID Matrix Description
C-1 C-1 West 0.15-0.3 2018-Sep-18 |C-1>15 (10:40) Core 200 | 600 | 934 <1000 37.8
C-2 C-2 West 0.15-0.3 2018-Sep-18 |C-2>15 (11:10) Core 200 | 800 | 937 <1000 28
C-3 -3 East >0.3 2018-Sep-18 C-3A>30 (16:50) Core <100 | <100 | 563 <1000 55.5
0.15-0.3 C-3A>15 (16:50) <100 | 300 | 637 <1000 25.7
C-3 West 0.15-0.3 2018-Sep-18 |C-3C>15 (16:20) |Core 200 | 600 | 929 9000 35.4
C-4 C-4 East 0.15-0.3 2018-Sep-19 |C-4A>15 14:35 Core <100 | 200 | 636 <1000 20.8
C-4 Centre 0.15-0.3 2018-Sep-19 C-4B>15 15:15 Core 100 | 700 | 1140 <1000 36
>0.3 C-4B>30 15:15 100 | 600 A 909 <1000 35.8
C-4 West 0.15-0.3 2018-Sep-19 C-4C>15 15:35 Core 200 | 900 | 1090 <1000 33
>0.3 C-4C>30 15:35 100 | 800 & 881 <1000 32.4
C-5 C-5 East 0.15-0.3 2018-Sep-19 |C-5A>15 14:10 Core 100 | 1400 | 1021 1000 51.1
-5 Centre 0.15-0.3 2018-Sep-19 C-5B>15 13:15 Core <100 | 200 | 882 <1000 213
>0.3 C-5B>30 13:15 100 | 600 | 995 <1000 26.6
C-5 West 0.15-0.3 2018-Sep-19 C-5C>15 14:20 Core 200 | 1200 | 1760 <1000 35.3
>0.3 C-5C>30 14:20 200 | 1500 | 1820 1000 44.7
C-6 C-6 East 0.15-0.3 2018-Sep-19 C-6A>15 10:15 Core 100 | 700 A 827 <1000 26.1
>0.3 C-6A>30 10:15 200 | 1000 | 1084 <1000 28.4
C-6 Centre 0.15-0.3 2018-Sep-19 C-6B>15 10:35 Core <100 | 500 | 768 <1000 26
0.3 C-6B>30 10:35 100 | 1300 | 1444 <1000 28.3
C-6 West 0.15-0.3 2018-Sep-19 C-6C>15 11:20 Core 100 | 800 | 1059 <1000 24.4
>0.3 C-6C>3011:20 200 | 1200 1370 <1000 29.7

Standards / Guidelines Descriptions:
e ON PSQG LEL:Ontario Provincial Sediment Quality Guideline - Lowest Effect Level
* ON PSQG SEL:Ontario Provincial Sediment Quality Guideline - Severe Effect Level

Notes:
m - metres

Ug/g - micrograms per gram
MPN - most probable number
< - less than reported detection limit

'-'- sample not analyzed for parameter indicated

* formatting of cells indicates exceedances of like-formatted standards

¢ where many exceedance formats are used, highlighted results reflect the least stringent standard/guideline exceeded

SLR
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City of Hamilton SLR Project No.: 209.40666.00000
Ecological Risk Assessment January 2020

Field

TABLE D-8: SURFACE WATER -
FIELD MEASUREMENTS

temp (field)
pH (field)
EC (field)
DO (field)

H Units

o)
o
c
L
(@]
3
3
~
[

Sample
Site Area Location Sample Date Sample ID

C-1 C-1 West 2019-Sep-30 C-1 West ' 15.7 8.25 733 10.23
C-1 West Duplicate 15.7 8.25 733 10.23
C-3 C-3 Centre 2019-Sep-30 [C-3 Centre - G5 16.1 7.61 760 5.99

C-3 West 2019-Sep-30 [C-3 West 15.9 7.65 771

C-4 C-4 West 2019-Sep-30 [C-4 West 16.3 7.52 739

C-5 C-5 East 2019-Sep-30 |C-5 East - G6 16.3 7.43 700
G-1 G-1 Comp 2019-Sep-30 |G-1 Comp 15.7 8.36 729 10.4
G-4 G-4 Comp 2019-Sep-30 |G-4 Comp 15.7 7.67 780 7.01
Reference R-1 2019-Sep-30 |R-1 18.1 7.76 1200 8.67
R-2 2019-Sep-30 |R-2 18.4 8.02 1205 9.75

mg/L - milligram per litre
uS/cm -microseimens per centimeter
oC - degrees centigrade

Standard/Guideline Descriptions
e ON PWQO:Ontario Provincial Water Quality Objectives, July 1994 (and updates)

Standard/Guideline Comments
#1:Dependent upon temperature, cold water biota, and warm water biota. Objective represents minimum

DO concentration for warm water biota at 15 degrees.

SLR 10of1



City of Hamilton

Ecological Risk Assessment
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SLR Project No.: 209.40666.00000

January 2020

Physical Parameters | Miscellanous
7
)
= | 7
|
o 0
= ©
o c
@
TABLE D-9: SURFACE WATER - " _§ £
© r= [a]
PHYSICAL PARAMETERS S _§ S < °
re 9 7] (=
b S & 3 5
2 L @ | O S
a S| 2|8 =
2 ¥ | 8| E s
wn (@) =2 [ N
— — [«) = c
(0] © n [%] [
° ° o 2 2
[ = [a] 2] [a]
mg/L | mg/L| mg/L| mg/L| mg/L
Sample
Site Area Location Sample Date Sample ID
C-1 C-1 West 2019-Sep-30 C-1 West . 4.5 2.6 2.5 <2 | <0.0001
C-1 West Duplicate 13.8 3 2.6 <2 | <0.0001
C-3 C-3 Centre 2019-Sep-30 |C-3 Centre - G5 19.8 4 3.4 2 <0.0001
C-3 West 2019-Sep-30 [C-3 West 20.8 3.7 2.9 <2 <0.0001
C-4 C-4 West 2019-Sep-30 |C-4 West 21.2 4.4 3.9 2 <0.0001
C-5 C-5 East 2019-Sep-30 |C-5 East - G6 26.8 45 | 4.1 3 <0.0001
G-1 G-1 Comp 2019-Sep-30 |G-1 Comp 5.3 2.4 2.5 <2 <0.0001
G-4 G-4 Comp 2019-Sep-30 |G-4 Comp 10.3 2.8 2.6 <2 <0.0001
Reference R-1 2019-Sep-30 |R-1 3.4 2.9 2.4 <2 <0.0001
R-2 2019-Sep-30 |R-2 <2 3.4 2.4 <2 | <0.0001
mg/L - milligram per litre
SLR 1 of 1
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City of Hamilton SLR Project No.: 209.40666.00000

Ecological Risk Assessment January 2020
Inorganics
5
TABLE D-13: POREWATER - "—é
INORGANICS g o
s § | %
2| 2 2
mg/L| mg/L | mg/L
Reported Detection Limit 2 0.0019 | 0.0018
Sample Well Screen
Site Area Location Depth (mbg) Sample Date Sample ID
C-1 C-1 West 2019-Oct-1 |C1 WEST-PW
C-3 C-3 West 2019-Oct-1 |C3 WEST-PW
C-4 C-4 West 2019-Oct-1 |C4 WEST-PW
G-4 G-4 Comp 2019-Oct-1 |G4-PW
G-5 G-5 Comp 2019-Oct-1 |C3 CENTRE / G5-PW

Statistical Summary

Number of Results 9 9 9
Number of Detects 7 9 9
Minimum Concentration <2 0.027 0.025
Minimum Detect 6.4 0.027 0.025
Maximum Concentration 31 0.22 0.21
Maximum Detect 31 0.22 0.21
Average Concentration 11 0.079 0.075
Median Concentration 8.5 0.069 0.065
Standard Deviation 9.3 0.062 0.059
Number of Guideline Exceedances 0 9 0
Number of Guideline Exceedances(Detects Only) 0 9 0

Standard/Guideline Descriptions

e ON PWQO:Ontario Provincial Water Quality Objectives, July 1994

SLR

10of1
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APPENDIX E
BV Toxicity Report

Ecological Risk Assessment
Chedoke Creek

Hamilton, Ontario

SLR Project No.: 209.40666.00000
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SLR Consulting (Canada) Ltd.

Statistical Analysis
Benthic ID Contract 2019

Prepared by:

é’ntomoogen

« 140 Welland Avenue, Unit 9 * tel 905-641-3468

St. Catharines, ON Canada fax 905-641-5413

L2R 2N6 www.entomogen.ca

info@entomogen.ca
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INTRODUCTION

DEFINITIONS

Morisita Horn Similarity Index: A measure of how similar two communities are. The index

ranges from 0 (no similarity) to 1 (perfect similarity). The index is calculated as follows:

22;9_1 TiYi

Cr —
P (D, + D,)XY

where, xi is the number of times a taxa is represented in the total X of sample 1, yi is the number
of times a taxa is represented in the total Y of sample 2, Dx and Dy are the Simpson’s Diversity

index for samples 1 and 2 respectively, and S is the number of unique taxa.

Principal Components Analysis (PCA): A method to summarize the variance in a data set.
PCA provides an overview of linear relationships between the sites, taxa, and explanatory

variables (Buttigieg and Ramette 2014).

Rarefaction Curve: A plot of the number of taxa as a function of the number of individual

samples.

Redundancy Analysis (RDA): A statistical method to extract and summarise variation in a data
set of variables that can be explained by another set of explanatory variables (Gotelli and

Colwell, Ch. 4). In this report, the explanatory variables are the data from the sediment analysis.
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RDA first involves multiple linear regression on the response variables on multiple variables and
the fitted values are then subjected to a principal components analysis (PCA) (Buttigieg and

Ramette 2014).

OBJECTIVES

Entomogen Inc. was contracted by SLR Consulting (Canada) Ltd. to analyze benthic
identification data. The objectives of this analysis are to (1) calculate the species richness,
Shannon diversity, and Simpson diversity, (2) calculate the similarity between all possible pair-
wise combinations of sites, and (3) identify whether data from the sediment sampling have a

strong influence on the explained variance in the data set.

MATERIALS AND METHODS

SOFTWARE

Data were recorded and input into Microsoft Excel 2010 and imported into the statistical
computing program R version 6.1 (R Core Team 2019). Various analyses were performed with
the following packages all downloaded directly form R: iINEXT, vegan, stats, and SpadeR.

Microsoft PowerPoint was utilized to prepare the figures.

DATA ANALYSIS

We calculated the Hilsenhoff biotic index (HBI), Simpons Diversity Index (1-D), Shannon-
Weiner Diversity Index (H), Pielou’s eveness (J°), % Chironomidae, and % Ephemeroptera,

Plecoptera, Trichoptera (EPT). These equations are found in the Appendix.
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We plotted the number of taxa as a function of the number of individuals for each site using the
INEXT package (Chao et al. 2016, Hsieh and Chao 2019). We calculated the abundance-based
Hill numbers according to Chao et al. (2016) using the combined raw abundance data for all

samples (A, B, C).

We calculated the Morisita-Horn indices using the SpadeR package using Hellinger-transformed
abundance data (Chao et al. 2016). Hellinger transformation was computed with the vegan
package (Oksanen et al. 2019). We further classified similarity indices as either very low (0.00 -
0.24), low (0.25 - 0.49), moderate (0.50 — 0.74), and high (0.75 — 1.00). These classifications

determined the colour of the heat map.

Entomogen Inc. was provided sediment data from SLR Consulting (Canada) Ltd. A summary of

these data are observed in Table 1.

Table 1. Summary of sediment grain size data.

Explanatory Variables Units | Code
Misc. Inorganics

Available (KCI) Total Kjeldahl Nitrogen
Nitrogen mg/kg

Nutrients

Available (KCI) Ammonia (N) mg/kg | Ammonia
Available (NH4F) Phosphorus (P) mg/kg | Phosphorus
Physical Properties

% sand by hydrometer % Sand

% silt by hydrometer % Silt

Clay Content % Clay
Gravel % Gravel
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We set out to test the hypothesis that the explanatory variables had a significant effect on the
variance of the data set. We performed a redundancy analyses with the explanatory variables
serving as the constrained variables. Raw abundance data were first Hellinger-transformed using
the vegan package in R (Oksanen et al. 2019). Sites G1 and R1 were omitted from this analysis
because sediment data was not recorded. Gravel was removed from the analysis since it was less
than 2% for each site. Available (NH4F) Phosphorus (P) for site C1 West was reported as less

than 1%. For the statistical analysis we set this value to zero.
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RESULTS AND INTERPRETATIONS

We summarize the abundance-based hill numbers species richness (g = 0), Shannon diversity (q
= 1) and Simpson diversity (q = 2) in Table 2. Site G4 was observed to have the highest species
richness and site C5 the lowest (Table 2). Additional diversity measures and indices are

presented in Table 3 (attached excel file).

Table 2. Summary of Abundance-Based Hill Numbers calculated using the INEXT package.

Site Species Richness | Shannon Diversity | Simpson Diversity
(@=0) (@=1) (@=2)
Gl 8 4.832 +1.802 3.206 + 1.237
C6 East/G7 14 5.058 + 0.545 3.437+£0.372
C3 West 11 3.859 + 0.612 2.668 + 0.323
C4 West 13 3.410 £ 0.352 2.327 £0.186
G4 22 5.526 + 0.821 3.093 £ 0.349
C5 East/G6 6 2.522 +£0.193 1.990 +0.134
C1 West 12 2.600 + 0.104 2.183 £ 0.043
R1 10 3.718 £ 0.393 2.601 + 0.225
C3 Centre/G5 12 4.828 + 0.594 3.294 + 0.364

Table 3. Classical diversity measures, indices, % Chironomidae, and % EPT for each sample.
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The sample-based rarefaction curves are observed below in Figure 1. The iINEXT package
interpolates the estimated species diversity given the number of sampled individuals. For
example, if we sampled 250 taxa we would expect to identify ~ 20 taxa from site G4 but only 10
taxa from site C1 West. Site C1 West and C5 East/G6 are approaching their asymptote (Figure
1). Therefore, we would not expect to identify more than 6 taxa at site C5 East/G6 and 12 for C1
West. The other sites require more sampling to fully describe the diversity of the aquatic

communities. This is noted by the upward trend in the extrapolation curves.
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Figure 1. Sample based rarefaction curve. The shade regions represent the 95% CI.
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The Morisita Horn similarity indices and number of shared taxa for each pair of sites is presented
in Figure 2. The top 3 similar site-pairs were (1) R1 & C6 East/G7, (2) R1 & C4 West, and (3)
C4 West & C3 West. The top 3 dis-similar site-pairs were (1) C5 East/G6 & G1, (2) C4 West &
G1, (3) and C6 East/G7 & G1 (Figure 2). G1 & C6 East/G7 and G1 and C5 East/G6 shared the

least number of taxa (n=2) while C4 West & G4 shared the greatest (n=11) (Figure 2).

Morisita Horn Similarity Indices

Number of Shared Taxa

Number of Shared Taxa Morisita Horn Similarity Index
10+ | 0.75 - 1.00 High
7-9 [ 0.50 - 0.74 Moderate
3-6 0.25 - 0.49 Low
2 0.00 - 0.24 Very Low

Figure 2. Morisita Horn Similarity Indices and number of shared taxa among the sites.
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We performed a redundancy analysis in R using the following model:

Model: rda(formula = Hellinger_abundance_data ~ Nitrogen + Ammonia + Phosphorus + Sand

+ Silt + Clay, data = data.slr)

We performed a permutation test with 999 permutations. We observed that a significant
proportion of the variance was explained by the model (F(6, 14) = 2.657, p < 0.001). We
performed additional permutation tests on the explanatory variables and axes. A summary of all
permutational tests conducted is observed in Table 4. 53.2% of the variance was described by the

explanatory variables and 46.8% of the variance was not explained.



entomogen

Table 4. Summary of permutational tests.
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Variable Variance F statistic P value
Model 0.136 2.657 <0.001*
Nitrogen 0.041 4.850 0.004*
Ammonia 0.032 3.776 0.009*
Phosphorus 0.011 1.304 0.223
Sand 0.028 3.270 0.017
Silt 0.012 1.501 0.171
Clay 0.011 1.241 0.244
RDAl 0.081 9.6026 0.002*
RDAZ2 0.018 2.098 0.560
RDA3 0.014 1.623 0.694
RDA4 0.011 1.363 0.704

* Indicates significant results at the p = 0.05 level.

Trends in the variance of the data set are visualized in an ordination plot (Figure 3). The x-axis

(RDAZ1) explained 60.2% of the total explained variance and the y-axis (RDA2) explained 13.2%

of the total explained variance. The large cluster of taxa in the center of the plot means that these

taxa are evenly dispersed among the sites. Caecidotae are strongly associated with sites G4, C4

West, and C3 Centre/G5. Limnodrilus are strongly associated with sites C5 East/G6 and C4

West. Chironomus are strongly associated with sites C3 West and C1 West. Cryptochironomus

and Naididae: Tubificinae (immature without hairs) are associated with sites C6 East/G7 and C1

West.
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Overall the model did not perform well. No single explanatory variable explained more than 5%
of the variance (Table 4). Nitrogen, Ammonia, and the first axis were found to contribute to a
significant proportion of the variance whereas all other variables were not significant (Table 4).
We did not observe strong clustering among the sampling replicates (the A, B and C of each
site). This indicates variation in the replicates (A, B, C) regarding both species diversity and
abundance. We also observed a high proportion of variation not explained by the explanatory
variables in our model (46.8%). These data together suggest that the sediment grain size data are
not sufficient to describe variation in taxa at the sites and that other variables may be driving the

system.

We performed an additional set of analyses where the A, B, C replicates were combined to yield
the total abundance of each taxa. However, this data set did not yield a significant overall global

permutation test result (p > 0.05).
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APPENDIX

Equations and Formulas

HBI= 3 (ni*ai)/N

n= number of specimens in taxa i

a= tolerance value of taxa i

N= total number of specimens in sample

Simpson's 1-D= 1- [> n(n-1)/N(N-1)]
n= total number of individuals in each taxa
N= total number of individuals in all taxa

Shannon's H= - [(pi)*In(pi)]
pi= number of individuals of taxon i/ total # of
organisms

J'= H'/H'max

H'= Shannon's index value

H'max= the maximum value for H' if species
were perfectly distributed across the population
=1In(S)

S=total richness
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WOOD: Chedoke Creek, Aquatic Invertebrate Identifications 2018: Raw Data

Waterbody

Station

DATE

% Subsampled

G1

19.10.
100

19.10.
100

19.10.
100

C6 East/G7
A
19.10.
100

19.10.

100

19.10.

100

C3 West
A
19.10.
100

19.10.
100

19.10.
100

C4 West
A
19.10.
100

19.10.
100

19.10.
100

G4

19.10.
100

19.10.
100

19.10.
100

TAXA LIST

ACARIFORMES:

HYDRYPHANTIDAE

LIMNESIIDAE:

Limnesia

ANNELIDA:HIRUDINIDA

ERPOBDELLIDAE

ANNELIDA:OLIGOCHAETA

ENCHYTRAEIDAE:

Lumbricillus

NAIDIDAE:NAIDINAE

Nais

NAIDIDAE:TUBIFICINAE

Immature with hairs

Immature without hairs

Limnodrilus

CRUSTACEA:ISOPODA:

ASELLIDAE:

Caecidotea

INSECTA:

DIPTERA:

CERATOPOGONIDAE:

Ceratopogon

Culicoides

CHIRONOMIDAE: CHIRONOMINAE:

Chironomus

Cladopelma

Cladotanytarsus

Cryptochironomus

Dicrotendipes

Glyptotendipes

Microtendipes pedellus

Phaenopsectra

Polypedilum

Tanytarsus

Tribelos

CHIRONOMIDAE: ORTHOCLADIINAE:

Cricotopus bicinctus

Eukiefferiella

Orthocladius

CHIRONOMIDAE: TANYPODINAE:

Procladius

Tanypus neopunctipennis

Tanypus

CULICIDAE:

Culex pipiens

PSYCHODIDAE:

Psychoda

TIPULIDAE:

Limonia

MOLLUSCA:BIVALVIA:

PISIDIIDAE:

MOLLUSCA:GASTROPODA:

PHYSIDAE:

Physella

NEMATODA:

Total Taxa

Total Specimens

IN)

SIS

10
78

34

47
10

® ©

36

86
11

10
124

15
69

N

3

[NIENIN)

12
38

William B. Morton
2018.10.05

10f2
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WOOD: Chedoke Creek, Aquatic Invertebrate Identifications 2018: Raw Data

Waterbody| C5 East/G6 C1 West R1 C3Centre/G5
Station A B C A B C A B C A B C

DATE 19.10. 19.10. 19.10. 19.10. 19.10. 19.10. 19.10. 19.10. 19.10. 19.10. 19.10. 19.10.
% Subsampled 100 100 100 100 100 100 100 100 100 100 100 100

TAXA LIST

ACARIFORMES:
HYDRYPHANTIDAE
LIMNESIIDAE:
Limnesia 1 1

ANNELIDA:HIRUDINIDA
ERPOBDELLIDAE 1

ANNELIDA:OLIGOCHAETA
ENCHYTRAEIDAE:
Lumbricillus 2

NAIDIDAE:NAIDINAE
Nais 1

NAIDIDAE:TUBIFICINAE
Immature with hairs 5 2 1
Immature without hairs 33 60 11 164 82 47 1 56 25
Limnodrilus 22 15 6 3 5 3 7 2

w o

CRUSTACEA:ISOPODA:
ASELLIDAE:
Caecidotea 5 1 3 29

INSECTA:

DIPTERA:
CERATOPOGONIDAE:
Ceratopogon

Culicoides 2
CHIRONOMIDAE: CHIRONOMINAE: 1 1 1
Chironomus 2 1 2 156 134 88 14 1 1 24 15 20
Cladopelma
Cladotanytarsus
Cryptochironomus 2 1 1 1
Dicrotendipes 1 2 3
Glyptotendipes 1
Microtendipes pedellus
Phaenopsectra
Polypedilum 1
Tanytarsus 1
Tribelos
CHIRONOMIDAE: ORTHOCLADIINAE: 4 2 4
Cricotopus bicinctus
Eukiefferiella
Orthocladius 2
CHIRONOMIDAE: TANYPODINAE: 2
Procladius

Tanypus neopunctipennis
Tanypus

CULICIDAE:

Culex pipiens
PSYCHODIDAE: 1 1 1 1 1 3
Psychoda 1 1
TIPULIDAE:
Limonia

N

MOLLUSCA:BIVALVIA:
PISIDIIDAE:

MOLLUSCA:GASTROPODA:
PHYSIDAE:
Physella

NEMATODA: 1 1

Total Taxa 5 4 5 7 8 9 5 8 6 5 5 10
Total Specimens 61 77 21 332 229 146 18 84 44 37 24 64

William B. Morton
2018.10.05
20of2
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Tolerance
Values
(for HBI)
TAXA LIST
ACARIFORMES:
HYDRYPHANTIDAE 6
LIMNESIIDAE:
Limnesia 6
ANNELIDA:HIRUDINIDA
ERPOBDELLIDAE 8
ANNELIDA:OLIGOCHAETA
ENCHYTRAEIDAE:
Lumbricillus 10
NAIDIDAE:NAIDINAE 8
Nais 8
NAIDIDAE:TUBIFICINAE
Immature with hairs 10
Immature without hairs 10
Limnodrilus 10
CRUSTACEA:ISOPODA:
ASELLIDAE:
Caecidotea 8
INSECTA:
DIPTERA:
CERATOPOGONIDAE:
Ceratopogon 6
Culicoides 10
CHIRONOMIDAE: CHIRONOMINAE 6
Chironomus 10
Cladopelma 9
Cladotanytarsus 5
Cryptochironomus 8
Dicrotendipes 8
Glyptotendipes 10
Microtendipes pedellus 6
Phaenopsectra 7
Polypedilum 6
Tanytarsus 6
Tribelos 7
CHIRONOMIDAE: ORTHOCLADIIN/ 5
Cricotopus bicinctus 7
Eukiefferiella 4
Orthocladius 6
CHIRONOMIDAE: TANYPODINAE: 7
Procladius 9
Tanypus neopunctipennis 10
Tanypus 10
CULICIDAE:
Culex pipiens 8
PSYCHODIDAE: 10
Psychoda 10
TIPULIDAE:
Limonia 6
MOLLUSCA:BIVALVIA:
PISIDIIDAE: 6
MOLLUSCA:GASTROPODA:
PHYSIDAE:
Physella 8
NEMATODA: 8

10f1
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Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca

EXECUTIVE SUMMARY

Freshwater sediment samples were collected between October 1%, 2019 and October 2™ 2019
for testing. The samples arrived at Bureau Veritas Laboratories, in good condition, on October
3", 2019.

The following freshwater sediment toxicity tests were conducted on the samples; a 10 day
survival and growth test with the freshwater midge, Chironomus dilutus, and a 14 day survival
and growth test with the freshwater amphipod, Hyalella azteca.

All samples were initiated within their respective hold times with the Chironomus test ending on
October 28, 2019 and the Hyalella test ending on October 31, 2019. The sample results were
statistically assessed against the laboratory negative control for both the Chironomus test and
the Hyalella test.

Details regarding the test results, methods, test conditions, organism acclimation, and quality
control measures are summarised within the report. All tabulated data, raw data, and associated
supporting documents are located within the report appendices.

Each test was considered valid as survival and growth in the negative control(s) met the validity
criteria outlined in the associated reference methods.

BUREAU VERITAS
LABORATORIES
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TABLE OF CONTENTS

1 SEDIMENT DESCRIPTION ....ceuuiiieiiieiiiiiiieiiiei e reee s rea e seas s eaa s s eas s eas s enasssans 1
1.1 Sample INfOrmMation .........ccooieiiiiiice e e 1

1.2 Negative Control SEAIMENt........ccciiiriiiiece e 1

1.3 Porewater Characterization ............cccoeeiriiiniiicccce e 2

2 10 DAY CHIRONOMUS DILUTUS SURVIVAL AND GROWTH TEST ....ccccovmuiiimniieeiienniienneennnns 3
2.1 TeStMEINOAS .....oueiiiiiiec e 3

2.2 0rganism INfOrmMation ..........ccooviiiiiieiicceeeee e e 4
2.2.1 Organism Acclimation and Holding Information ...............cccccoieieenee. 4

2.2.2 Organism Health ........cccoveiiiiiiiiiiiiiiiiieecnnecnncseecssnee e 4

2.2.3 OrganiSm AJE .ccceeicccerrneeeeertisiessssnenneesesssessssssnsssesssssssssssssnsesssssssssssnnssssssss 4

2.3 TeSt CONAILIONS ...t 4

2.4 Quality Assurance/Quality CONErOl..........coouevieiiirinireeiceeee s 6
2.4.1 Reference Toxicant ReSUIS..............oooiiiiiiiiiiiiiiee e 6

2.4.2 Test Validity Criteria.........coouvuuiiiiiiiiiiiceee e 6

2.5 RESUILS .ottt sttt ne e te st et e nreeneentens 6
2.5.1 Data ANalYSiS.....uuuiiiiiiee e 7

2.6 Deviations and ODSEervations............cccceoieiiiininncicccree e 7

3 14 DAY HYALELLA AZTECA SURVIVAL AND GROWTH TEST ....cccceiruuniirnncnrnnsiennserensrenesnenees 8
3.1 TeStMEthOdS ......c.ooiiiiiiic s 8

3.2 0Organism INfOrMation .........cceeiiiiiiieeceeeeee et 9
3.2.1 Acclimation and Holding Information............ccccccci 9

3.2.2 Organism Health............oooiii e 9

3.2.3 OrganisSm AQE.....uuue i 9

3.3 TeSt CONAILIONS......ceiiiiiieieiee ettt 9

3.4 Quality Assurance/Quality CONIrOL..........ccccoviverieiiririreeeee s 10
3.4.1 Reference Toxicant REeSUIS.............cooeiiiiiiiiiiiii e 10

3.4.2 Test Validity Criteria.........ccoovviiiiiiiii 11

BUREAU VERITAS
LABORATORIES




Appendix "A" to Report PW19008(g)/LS19004(f)

. . . . . . Page 233 of 406
Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca

3.5 RESUIES ..ttt bbbt b 11
3.5.1 Data AN@lYSIS.....cceiiiiiiiiiiiiiiiiiiii e 12

3.6 Deviations and ObServations............cccoceeieiereiiereseeeeee e 12

4 REFERENCES ....cuuiieiiiiiiiiiiei ettt ee s eaa e e s s eas s e e s e aa s s e a s s eas s eassssnassnanes 13
A SAMPLE INFORMATION ......cituiiiniiriniiieiiienireeiirassiiesersasssrmessrsasssrnsssssssssssssssanssses
B 10-DAY CHIRONOMUS DILUTUS SURVIVAL AND GROWTH TEST .....cccceuiireueerennirnnnnens
C 14-DAY HYALELLA AZTECA SURVIVAL AND GROWTH TEST ....ceuuiiimeiirniiieeinennieeannnns

BUREAU VERITAS
LABORATORIES




Appendix "A" to Report PW19008(g)/LS19004(f)

. .. . . . . Page 234 of 406
Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca

LIST OF TABLES
Table 1-1  Physiochemical Characterization of Yaquina Bay Beach Sand .................ccccevvveeeeen.n. 1
Table 2-1  Test Conditions for the 10-day Chironomus dilutus Test ...........ccccovvieeeeeeeiiiiciiiieee. 5
Table 2-2  Reference Toxicant Test Result for Chironomus dilutus ..o, 6
Table 2-3  Results for Mean Chironomus dilutus Survival and Growth...........cccceciiiiiiiicineeee 7
Table 3-1 Test Conditions for the 14-day Hyalella azteca Test........ccccceeeeeiiiiiiiiieieeciiii. 10
Table 3-2 Reference Toxicant Test Results for Hyalella azteca..........cccocceeeeiiiiiiiiiien 11
Table 3-3  Results for Mean Hyalella azteca Survival and Growth ...............ccccciiiiiiiiiiiiiiinnnn, 12

BUREAU VERITAS
LABORATORIES

iv



Appendix "A" to Report PW19008(g)/LS19004(f)
Page 235 of 406

Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca

SECTION

1

1.1

1.2

Table 1-1

SEDIMENT DESCRIPTION

Sample Information

Freshwater sediment samples were collected between October 1%, 2019 and October 2" 2019
for testing. The samples arrived at Bureau Veritas Laboratories, in good condition, on October
3", 2019.

Samples were collected separately for grain size, total organic carbon content, and moisture
content. The data for these analyses were sent to the client directly and are not part of this report.

All tests were initiated within their respective hold times. Sample information, including sample
descriptions, porewater ammonia analyses, and water quality data are located in Appendix A.
Upon opening the sample containers, a description of each sample was recorded (“Sediment
Sample Descriptions” in Appendix A).

Prior to testing, each sample was homogenized, using a stainless steel spoon. Any headspace in
the sample container was purged with nitrogen gas prior to re-sealing it in order to prevent
oxidation of the sediment during storage. When not in use, the sediments were stored in the dark
at4 +2°C.

Negative Control Sediment

The control sediment (negative control) for the toxicity tests was collected from Yaquina Bay,
Newport, Oregon, by staff of Northwestern Aquatic Sciences. This beach sand has been used as
a negative control in previous studies within our laboratory, and has been found to be non-toxic to
a variety of organisms. It was wet sieved through 500 um stainless steel mesh and thoroughly
washed with the appropriate control water before use in the tests.

Physiochemical Characterization of Yaquina Bay Beach Sand

Total Organic Carbon Moisture Content Sand Silt Clay
(mglkg) (%) (%) (%) (%)
<500 17 96 2.1 2.0

BUREAU VERITAS
LABORATORIES

1
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Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca

1.3

Porewater Characterization

On Day -1 of Chironomus testing, a seventh replicate of each sample was prepared, filled with
reconstituted control water and aerated overnight, along with the test vessels. The following
morning, the overlying water in the seventh replicate of each sample was decanted and aliquots
of the sediment were distributed into 500 mL polycarbonate bottles. Nitrogen gas was placed over
the sediments prior to centrifuging for 20 minutes at ~5,000 rpm. The resulting porewater was
carefully decanted and analysed for ammonia, pH, and temperature.

Analysis of ammonia in porewater was performed at the Bureau Veritas Laboratories Inorganic
Water Laboratory. The total ammonia concentrations as N (mg/L) in the samples, was measured
under basic conditions using the Berthelot reaction in the presence of EDTA. A sample was
treated sequentially until a blue indophenol complex formed, which could then be measured
photometrically at 660 nm.

Results of the ammonia, temperature, and pH in porewater analyses for each of the test samples
are available in Appendix A.
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SECTION
2 10 DAY CHIRONOMUS DILUTUS SURVIVAL AND GROWTH TEST
2.1 Test Methods

The survival and growth of Chironomus dilutus larvae, when exposed to whole sediment samples
for 10 days, was assessed according to the Bureau Veritas Laboratories Standard Operating
Procedure: Chironomus dilutus 10-Day Survival and Growth Test (BBY2SOP-00010), which is
based on the Environment Canada Biological Test Method: Test for Survival and Growth in
Sediment Using the Larvae of Freshwater Midges (Chironomus tentans or Chironomus riparius)
(EPS 1/RM/32).

One day prior to test initiation, the samples were homogenized, and a 100 mL aliquot was
distributed into a 375 mL labelled test vessel including 2 additional replicates used for water
quality and porewater measurements. Reconstituted moderately hard water was then slowly
added to the vessel by pouring a stream of water onto a Plexiglas baffle to minimize disturbing
the sediment layer. The test vessels were then randomized on the bench top, and airlines and
lids were fitted to each test vessel.

The following day, aliquots of overlying water were removed from the test vessels for initial
overlying water chemistry. The sixth replicate test vessel was used for water quality
measurements for the duration of the test and the seventh replicate was decanted and
centrifuged to extract porewater for ammonia, temperature, and pH measurements (see Section
1.3). To initiate the test, ten larval chironomids were randomly selected from their holding
containers and directly seeded into the test vessels.

During the test, daily observations and aeration checks were performed. Temperature and
dissolved oxygen measurements were taken three times per week in the test vessels designated
for water quality measurements. Test vessels were also fed 3.75 mL Tetramin™ flakes, prepared
as a 4 g dry solids/L slurry, on the days water quality measurements were taken.

At test termination, the contents of each test vessel were sieved through a 500 ym sieve in order
to retrieve the live larval midges. The number of larvae found was recorded along with any other
observations made. The organisms were then placed into pre-weighed aluminum weigh boats
that were subsequently placed into a ~60°C drying oven for >24 hours. Missing chironomids were
presumed to have died and decomposed during the test. Any larval midges that had reached the
pupal or adult stage of development were excluded from the dry weight analysis, if applicable.
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2.2

2.2.1

222

223

2.3

Organism Information

Organism Acclimation and Holding Information

One batch of laboratory-reared Chironomus dilutus larvae was received from Aquatic Biosystems
on October 18, 2019. The midge larvae were shipped in 1L plastic containers filled with
unbleached paper towels and overlying moderately hard water. Prior to shipping, the headspace
in each container was filled with oxygen gas of a sufficient concentration to maintain adequate
saturation levels in the shipping water. They were shipped directly for overnight delivery to
Bureau Veritas Laboratories and arrived without incident.

Upon arrival at Bureau Veritas Laboratories, the water quality of the shipping water was
measured and compared to the test conditions. Any moribund or deceased larvae were
removed and recorded on the acclimation sheet, if applicable (Appendix B).

The chironomid larvae were not fed during the holding period as they were used the same day.
Historically at Bureau Veritas Laboratories, it has been determined that little to no acclimation is
required as long as the shipping, testing, and supplier laboratory conditions are similar.

Organism Health

The mortality rate during shipping did not exceed 10% overall. Bench sheets with the
receiving water quality and observations of the number dead or inactive larvae are available
in Appendix B.

Organism Age

At test initiation, 20 representative larvae were euthanized and their head capsule widths were
measured to the nearest 0.01 mm, using an inverted microscope outfitted with an ocular
micrometer. The average head capsule width of the organism batch was determined to be
within the 0.33 — 0.45 mm range (see Table 2-1).

Test Conditions

See Table 2-1 for a detailed list of the test conditions. All bench sheets used to record raw data
are available in Appendix B.
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Test Conditions for the 10-day Chironomus dilutus Test

Parameter

Conditions and Methods

Test Type and Duration

Temperature

Photoperiod and Light
Intensity

Aeration

Test Chamber

Sediment Volume
Porewater Water Quality

Overlying Water Source and
Volume

Overlying Water Quality

Replicates

Control Sediment (Negative
Control)

Reference Sediment

Feeding

Organisms/ replicate
Organism Source
Mortality during acclimation

Mean Head capsule width
and organism age

Endpoints
Test Validity Criteria

Statistical Software

10 Day, Static (non-renewal)

Average daily temperature 23 £ 1 °C; instantaneous
temperature 23 = 3 °C.

16 hours light: 8 hours dark. Wide spectrum cool white
fluorescent lights used to provide 602-818 lux.

< 100 bubbles/ minute. Clean oil-free air supplied to each test
vessel via micro-bore plastic tubing.

375 mL glass jars with plastic lids containing small opening
for airline tubing.

100 mL of each homogenized field replicate (3-4 cm depth).
Temperature, pH, and ammonia.

175 mL (~5-6 cm depth); Reconstituted Moderately Hard
Water; warmed to 23 + 1°C and aerated >24 hours before
use.

Temperature, pH, dissolved oxygen, conductance, hardness,
alkalinity, and ammonia measurements on Day 0 and Day 10
of the test. Temperature and dissolved oxygen were also
measured three times weekly during the test.

5 replicates per sample, plus 2 additional replicates for water
quality measurements and porewater analyses.

Yaquina Bay Beach Sand, rinsed with control water and
sieved through a 500 um stainless steel mesh.

None

3.75 mL Tetramin™ flakes as slurry (4g dry solids/L) per
vessel, three times weekly.

10
Aquatic Biosystems, Fort Collins, Colorado.
0.0%

0.44 + 0.10 mm; 3" instar larval midges

Mean Survival and Mean Dry Weight

270% mean survival in the negative controls.
>0.6 mg mean dry weight in the negative controls.

CETIS™ version 1.9.2.4. Tidepool Scientific Software
(Copyright 2009-2016).
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2.4

241

Table 2-2

24.2

2.5

Quality Assurance/Quality Control

Reference Toxicant Results

A 96 hour reference toxicant test, or positive control test, was conducted alongside the sediment
test. The water-only test, using copper sulphate (CuSQO,), was initiated to aid in the assessment
of organism sensitivity and the precision of the results. The resulting LC50 was then compared in
a control chart against the results of previous tests. Table 2-2 summarises the result of the
reference toxicant test.

The calculated LC50 for the reference toxicant test was within two standard deviations (95%)
range of the historic mean LC50. This supports the assumption that the sensitivity of the
organism batch was comparable to batches previously test in this laboratory.

A reference toxicant test is only one of the tools used to assess the health of an organism.
Natural variability accounts for the spread in reference toxicant LC50s. The method used in
preparing the control charts was based on from “Ecotoxicology Control Charting” (COR2WI-
00002).

Reference Toxicant Test Result for Chironomus dilutus

Organism Test LC50 with Previous Mean
Batch Date 95% Confidence Limits with 2SD
(mg/L Cu®) 2+
(mg/L Cu™)
AB191118 2019 Oct 18 0.71 (0.47, 0.98) 0.70 (0.38, 1.3)

Test Validity Criteria

The test is considered to be acceptable if the mean percent survival in the negative control is
=270%, and the mean dry weight is = 0.6 mg. The mean percent survival of the negative controls
was 96%, and the mean dry weight was 1.67 mg.

Results

Total survival and dry weights in each replicate, and mean * standard deviation (SD) in the
control and test sediments are listed in the “Chironomus dilutus Survival and Growth Test -
Survival of Larvae” and the “Chironomid Survival and Growth Test - Dry Weights of Larvae” data
sheets, respectively. A summary of the test results is presented in Table 2-3.

Total ammonia concentrations, pH, temperature, dissolved oxygen, hardness, conductance, and
alkalinity measurements of the overlying water at test initiation (Day 0) and completion (Day 10)
are available in Appendix B.
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2.51

Table 2-3

2.6

Data Analysis

The survival and dry weight data for both the samples and the negative control were entered
into the statistical program “Comprehensive Environmental Toxicity Information System”
(CETIS™, 2009-2016). When determining the appropriate comparison tests to use, the
Environment Canada “Guidance Document on Statistical Methods for Environmental Toxicity
Tests” (EPS 1/RM/46, 2005) was followed.

See the CETIS™ Analytical Reports for information on the specific tests used for the mean
survival and dry weight comparisons. Analyses between the negative control and samples were
conducted as one-tailed comparisons. All analyses were done with the decision level for
determining statistical significance set to 0.05 (p value <0.05). No significant difference between
the samples versus the negative control was observed.

Results for Mean Chironomus dilutus Survival and Growth

Sample ID Mean Survival Mean Dry Weight
% SD (%) * SD (mg)
Negative Control 96 £5 1.67 £0.21
C6 East/ G7 94 +13 245+ 0.26
C5 East/ G6 90 +10 2.34+0.37
C4 West 78+8 1.94 + 0.36
C3 West 94+9 247 +0.29
C3 Centre / G5 86 + 11 2.53+0.26
G4 84+5 249+ 0.34
C1 West 80+ 23 247 +0.38

SD = Standard Deviation

Deviations and Observations

At test end, one pupated organism was found in replicate C of sample C6 East/G7, replicates A, B
& D for sample C3 Centre/G5, and replicate E of sample G4. Pupated organisms were not
included in mean dry weight analysis. A strong odour was noted in all replicates of the C4 West
sample.
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SECTION
3 14 DAY HYALELLA AZTECA SURVIVAL AND GROWTH TEST
3.1 Test Methods

The survival and growth of the freshwater amphipod, Hyalella azteca, when exposed to whole
sediment samples for 14 days, were assessed according to the Bureau Veritas Laboratories
SOP: Hyalella azteca 14-Day Survival and Growth Test (BBY2SOP-00011), which is based on
the Environment Canada Biological Test Method: Test for Survival and Growth in Sediment and
Water Using the Freshwater Amphipod Hyalella azteca (EPS 1/RM/33).

One day prior to test initiation, the samples were homogenised, and a 100 mL aliquot was
distributed into a 375 mL labelled test vessel. A 100 mL portion of the sample was distributed into
a sixth replicate test vessel used for water quality measurements. Reconstituted moderately hard
water was then slowly added to the vessel by pouring a stream of water onto a Plexiglas baffle to
minimize disturbing the sediment layer. The test vessels were then randomized on the bench top,
and airlines and lids were fitted to each test vessel.

The following day, aliquots of overlying water were removed from the test vessels for initial
overlying water chemistry. The sixth replicate test vessel was used for water quality
measurements for the duration of the test. To initiate the test, the amphipods were removed from
their holding containers and ten Hyalella were randomly selected and placed into plastic cups
containing control water. Once enough organisms were collected to start the test, they were
seeded into the test vessels.

During the test, daily observations and aeration checks were performed. Temperature and
dissolved oxygen measurements were taken three times per week in the test vessel designated
for water quality measurements. Test vessels were also fed 340 uL per replicate of a ground
Tetramin™ flake slurry (4 g dry solids/L) and 0.75 mL YCT (yeast, alfalfa flakes, and digested
trout chow) daily.

At test termination, the contents of each test vessel were examined, a small portion at a time, in a
glass pan on a light table. The live amphipods were collected and counted. The amphipods were
then placed into aluminum foil weigh boats that were subsequently placed into a ~60°C drying
oven for >24 hours. Missing amphipods were presumed to have died and decomposed during the
test.
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3.2

3.2.1

3.2.2

3.2.3

3.3

Organism Information

Acclimation and Holding Information

One batch of Hyalella azteca was received from Aquatic Biosystems, Fort Collins, Colorado,
USA, on October 15, 2019. Laboratory reared juvenile amphipods were packed into 1L plastic
containers, filled with moderately hard water and a few plastic mesh squares. Prior to shipping,
the headspace in each container was filled with oxygen gas of a sufficient concentration to
maintain adequate saturation levels in the shipping water. They were shipped directly for
overnight delivery to Bureau Veritas Laboratories and arrived without incident.

Upon arrival at Bureau Veritas Laboratories, the container contents were carefully poured into
glass culture dishes. Gentle aeration was supplied to each culture pan. An aliquot of shipping
water from each container was set aside for water quality. It was then ensured that temperature
adjustments to the holding water of the amphipods did not exceed 3°C per day.

The organisms were held at Bureau Veritas Laboratories for four days before the test was
initiated. The amphipods were fed YCT and Tetramin™ slurry at organism arrival and daily before
test initiation. Datasheets containing the water quality measurements, with observations of
number dead or inactive amphipods during the holding period, are available in Appendix C.

Organism Health

The average mortality rate in the culture did not exceed 10%.

Organism Age

At test initiation, the amphipods were 6-8 days old.

Test Conditions

See Table 3-1 for a detailed list of the test conditions. All bench sheets and raw data are
available in Appendix C.
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Table 3-1

3.4

3.4.1

Test Conditions for the 14-day Hyalella azteca Test

Parameter

Conditions and Methods

Test Type and Duration

Temperature

Photoperiod and Light
Intensity

Aeration

Test Chamber
Sediment Volume
Overlying Water Volume

and Source

Overlying Water Quality

Feeding

Replicates

Control Sediment

Reference Sediment
Organisms/ Replicate
Organism Source and age

Mortality during
acclimation

Endpoints
Test Validity Criteria

Statistical Software

14 Day; Static (non-renewal)

Average daily temperature 23 £ 1 °C; instantaneous
temperature 23 + 3 °C.

16 hours light: 8 hours dark. Wide spectrum cool white
fluorescent lights used to provide 602-818 lux.

< 100 bubbles/ minute. Clean oil-free air supplied to each test
vessel via micro-bore plastic tubing.

375 mL glass jars with plastic lids containing small opening for
airline tubing.

100 mL of each homogenized field replicate (3-4 cm depth).

175 mL (~5-6 cm depth); Reconstituted water; SAM5 recipe
(Borgmann, 1996). Temperature adjusted and aerated >24h
before use.

Temperature, pH, dissolved oxygen, conductance, hardness,
alkalinity, and ammonia measurements on Day 0 and Day 14 of
the test. Temperature and dissolved oxygen were also
measured three times weekly during the test.

340 pL of a ground Tetramin™ flake slurry (4g dry solids/mL)
and 0.75 mL YCT per vessel, daily.

5 replicates per sample, plus an additional replicate for water
quality measurements.

Yaquina Bay Beach Sand, rinsed with control water and sieved
through a 500 um stainless steel mesh.

None

10

Aquatic Biosystems; amphipods aged 6-8 days at test start.
0.0%

Mean Survival and Mean Dry weight

2> 80% mean survival in the controls.
=20.1 mg/amphipod in the controls.

CETIS™ version 1.9.2.4. Tidepool Scientific Software
(Copyright 2009-2016).

Quality Assurance/Quality Control

Reference Toxicant Results

A 96 hour reference toxicant test, or positive control test, was conducted alongside the sediment
test. The water-only test, using copper sulphate (CuSQO,) was initiated to aid in the assessment of
organism sensitivity and the precision of the results. The reference toxicant test LC50 result was
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Table 3-2

3.4.2

3.5

then compared in a control chart against the results of previous tests. Table 3-2 summarises the
result of the reference toxicant test.

The calculated LC50 for the reference toxicant test was within two standard deviations (95%)
range of the historic mean LC50. This supports the assumption that the sensitivity of the
organism batch was comparable to batches previously test in this laboratory.

A reference toxicant test is only one of the tools used to assess the health of an organism.
Natural variability accounts for the spread in reference toxicant LC50s. The method used in
preparing the control charts was based on from “Ecotoxicology Control Charting” (COR2WI-
00002).

Reference Toxicant Test Results for Hyalella azteca

Organism Batch Test Date LC50 with 95% Previous Mean with
Confidence Limits 2SD
(ng/L Cu™) (ng/L Cu®)
AB191015 2019 Oct 17 224 (185, 271) 228 (144, 361)

Test Validity Criteria

Survival data in the negative control is considered to be acceptable if the mean percent survival
in the negative control is 280%, and the mean dry weight in the negative control is 20.1
mg/amphipod. The mean percent survival of the negative control was 98% and the mean dry
weight was 0.1 mg/amphipod.

Results

Total survival and dry weights in each replicate, and mean * standard deviation (SD) in the
control and test sediments are listed in the “Hyalella azteca Survival and Growth Test-Survival’
and “Hyalella azteca Survival and Growth Test- Dry Weights” data sheets, respectively. A
summary of the results is located in Table 3-3.

Total ammonia concentrations, pH, temperature, dissolved oxygen, hardness, conductance, and
alkalinity measurements in the overlying water at test initiation (Day 0) and completion (Day 14)
are available in Appendix C.
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3.5.1 Data Analysis

The survival and dry weight data for both the samples and the negative control were entered into
the statistical program “Comprehensive Environmental Toxicity Information System” (CETIS™,
2009-2016). When determining the appropriate comparison tests to use, the Environment
Canada “Guidance Document on Statistical Methods for Environmental Toxicity Tests” (EPS
1/RM/46, 2005) was followed.

See the CETIS™ Analytical Reports for information on the specific tests used for the mean
survival and dry weight comparisons. Analyses between the control and samples were conducted
as one-tailed comparisons. All analyses were done with the decision level for determining
statistical significance set to 0.05 (p value <0.05).

Table 3-3 Results for Mean Hyalella azteca Survival and Growth

Sample ID Mean Survival Mean Dry Weight
% SD (%) * SD (mg)
Negative Control 98 +4 0.14 £ 0.02
C6 East / G7 60 + 19* 0.04 + 0.02*
C5 East/ G6 38 + 23* 0.04 + 0.02*
C4 West 2 +4* 0.06 + N/A*
C3 West 48 + 13* 0.03 £0.01*
C3 Centre / G5 86+ 15 0.08 £ 0.01*
G4 64 +17* 0.05 + 0.03*
C1 West 90 £+ 17 0.10 £ 0.02*

SD = Standard Deviation N/A = Not Applicable
*Indicates a statistically significant decrease in the sample relative to negative control.

3.6 Deviations and Observations
Strong hydrocarbon order was noticed in all replicates of sample C4 West at test end.
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Client Project #: B985653

Sampler Initials: YS

RESULTS OF CHEMICAL ANALYSES OF WATER

BV Labs ID WS9519 W59520 WS9521
Sampling Date 2019/10/18 2019/10/18 2019/10/18
COC Number 18218 18218 18218
UNITS 1776 Ca‘ntrol PW RDL 1776 CEI East PW 1776 CS East PW RDL
Chiron Chiron Chiron
Nutrients
Total Ammonia (N) [ mg/ | 0.32 | 0.015] 21(1) | 29 (1) [0.38
RDL = Reportable Detection Limit
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
BV Labs ID W59522 WS9523 WS8524
Sampling Date 2019/10/18 2019/10/18 2019/10/18
COC Number 18218 18218 18218
o UNITS 1776 C4‘West PW RDL 1776 C3.West PW RDL 1776 C3 G::enter PW RDL
Chiron Chiron Chiron
Nutrients
Total Ammonia (N) [ mg/L | 55 (1) [0.75] 14 (1) 0.15] 1.3 0.015
RDL = Reportable Detection Limit
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
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RESULTS OF CHEMICAL ANALYSES OF WATER

Bureau Veritas Laboratorles Burnaby: 4606 Canada Way V5G 1K5 Telephone{604) 734-7276 Fax(604) 731-2386

BV Labs ID WS8525 \WS59526 WS9527 W59528
Sampling Date 2019/10/18 2019/10/18 2019/10/18 2019/10/18
COC Number 18218 18218 18218 18218
1776 C6 East
| TSI || TSGR | g | W7oy | UL |
Chiron
Misc. Inorganics
pH [ ot ] ] [ ] 7.64 7.88 | N/A
Anions
Alkalinity (PP as CaCO3) mg/L <1.0 <1.0 1.0
Alkalinity (Total as CaCO3) me/L 60 97 1.0
Bicarbonate (HCO3) mg/L 73 120 1.0
Carbonate (CO3) mg/L <1.0 <1.0 1.0
Hydroxide (OH) mg/L <1.0 <1.0 1.0
Nutrients
Total Ammonia (N) [ me/L | 11(1) |0.15] 0.64 [0.015] 0.074 0.13 0.015
RDL = Reportable Detection Limit
N/A = Not Applicable
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
BV Labs ID WS59529 WSS530 W59531 WS5532
Sampling Date 2019/10/18 2019/10/18 2019/10/18 2019/10/18
COC Number 18218 18218 18218 18218
: 1776 C5 East 1776 C4 West 1776 C3 West 1776 C3 Center
UNITS Overy Day 0 Overy Day 0 Overy Day 0 Overy Day 0 RDL
Chiron Chiron Chiron Chiron
Misc. Inorganics
pH [ pH | 7.99 7.99 8.01 7.93 | n/A
Anions
Alkalinity (PP as CaC03) me/L <1.0 <1.0 <1.0 <1.0 1.0
Alkalinity (Total as CaCO3) | mg/L 120 130 100 93 1.0
Bicarbonate (HCO3) mg/L 150 160 120 110 1.0
Carbonate (CO3) meg/L <1.0 <1.0 <1.0 <1.0 1.0
Hydroxide (OH) mg/L <1.0 <1.0 <1.0 <1.0 1.0
Nutrients
Total Ammonia (N) ' mg/L | 0.32 1.3 0.48 0.17 0.015
RDL = Reportable Detection Limit
N/A = Not Applicable
Page 4 of 10
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BV Labs Job #: B989884 Bureau Veritas Laboratories (TOX Internal)
teport Date: 2019/10/25 Client Project #: B985653
Sampler Initials: YS

RESULTS OF CHEMICAL ANALYSES OF WATER

BV Labs ID : : WS9533 WS9534
Sampling Date - 2019/10/18 2019/10/18
COC Number : 18218 18218
1776 G4 Ove 17 1 West

i Day 0 (:hirm':\‘r l:)\.fe'r\,'7 gacv Dciiron RDL
Misc. Inorganics
PH | pH | 7.90 7.77 | n/A
Anions
Alkalinity (PP as CaCO3) mg/L <1.0 <1.0 1.0
Alkalinity (Total as CaCO3) mg/L 100 93 1.0
Bicarbonate (HCO3) mg/L 130 110 1.0
Carbonate (CO3) mg/L <1.0 <1.0 1.0
Hydroxide (OH) mg/L <1.0 <1.0 1.0
Nutrients
Total Ammonia (N) | me/L | 0.14 0.11 0.015
RDL = Reportable Detection Limit
N/A = Not Applicable

Page 5 of 10
Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca

APPENDIX

B 10-DAY CHIRONOMUS DILUTUS SURVIVAL AND GROWTH TEST

BUREAU VERITAS
LABORATORIES
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CETIS Analytical Report Report Date: 14 Nov-19 14:24 (p 1 of 2)

Test Code: CT-1776-0119 | 16-1846-9023
Chironomus 10-d Survival and Growth Sediment Test Bureau Veritas Laboratories
Analysis ID:  20-4584-5912 Endpoint: Survival Rate CETIS Version: CETISv1.9.2
Analyzed: 14 Nov-19 11:45 Analysis: STP 2xK Contingency Tables Official Results: Yes
Batch ID: 02-9389-9538 Test Type: Survival-AF Growth Analyst:
Start Date: 18 Oct-19 17:00 Protocol: EC/EPS 1/RM/32 Diluent: Reconstituted Water
Ending Date: 28 Oct-19 12:00 Species:  Chironomus dilutus Brine: Not Applicable
Duration: 9d 19h Source: Aquatic Biosystems, CO Age:

Fisher Exact/Bonferroni-Holm Test

Sample | Vs Sample Test Stat P-Type P-Value Decision(a:5%)

Control C6 East/ G7 0.5000 Exact 1.0000 Non-Significant Effect
C5 East/ G6 0.2180 Exact 0.6540 Non-Significant Effect
C4 West 0.0073 Exact 0.0514 Non-Significant Effect
C3 West 0.5000 Exact 1.0000 Non-Significant Effect
C3 Centre / G5 0.0798 Exact 0.3190 Non-Significant Effect
G4 0.0458 Exact 0.2291 Non-Significant Effect
C1 West 0.0139 Exact 0.0832 Non-Significant Effect

Auxiliary Tests

Attribute Test Test Stat Critical P-Value Decision(a:5%)

Extreme Value Grubbs Extreme Value Test 3.142 3.036 0.0313 Outlier Detected

Data Summary

Sample Code NR R NR+R PropNR PropR  %Effect

Control 48 2 50 0.96 0.04 0.0%

C6 East/ G7 47 3 50 0.94 0.06 2.08%

C5 East/ G6 45 5 50 0.9 0.1 6.25%

C4 West 39 1 50 0.78 0.22 18.75%

C3 West 47 3 50 0.94 0.06 2.08%

C3 Centre / G5 43 7 50 0.86 0.14 10.42%

G4 42 8 50 0.84 0.16 12.5%

C1 West 40 10 50 0.8 0.2 16.67%

Survival Rate Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5

Control 1.0000 1.0000 0.9000 0.9000 1.0000

C6 East/ G7 1.0000 1.0000 1.0000 0.7000 1.0000

C5 East/ G6 1.0000 0.8000 1.0000 0.9000 . 0.8000

C4 West 0.7000 0.8000 0.8000 0.7000 0.9000

C3 West 0.8000 0.9000 1.0000 1.0000 1.0000

C3 Centre / G5 0.9000 0.8000 1.0000 0.9000 0.7000

G4 0.8000 0.8000 0.8000 0.9000 0.9000

C1 West 0.8000 0.9000 0.4000 0.9000 1.0000

001-349-190-8

CETIS™ v1.9.2.4

#
j;;}’ S E’O\v\
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Analyst:
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CETIS Analytical Report Report Date: 14 Nov-19 14:24 (p 2 of 2)
Test Code: CT-1776-0119 | 16-1846-9023
Chironomus 10-d Survival and Growth Sediment Test Bureau Veritas Laboratories
Analysis ID: 20-4584-5912 Endpoint: Survival Rate CETIS Version: CETISv1.9.2
Analyzed: 14 Nov-19 11:45 Analysis: STP 2xK Contingency Tables Official Results: Yes
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CETIS Analytical Report Report Date: 14 Nov-19 14:24 (p 1 of 2)
Test Code: CT-1776-0119 | 16-1846-8023
Chironomus 10-d Survival and Growth Sediment Test Bureau Veritas Laboratories
Analysis ID:  01-3230-7964 Endpoint: Mean Dry Weight CETIS Version: CETISv1.9.2
Analyzed: 14 Nov-19 11:45 Analysis: Parametric-Two Sample Official Results: Yes
Batch ID: 02-9389-9538 Test Type: Survival-AF Growth Analyst:
Start Date: 18 Oct-19 17:00 Protocol: EC/EPS 1/RM/32 Diluent: Reconstituted Water
Ending Date: 28 Oct-19 12:00 Species:  Chironomus dilutus Brine: Not Applicable
Duration: 9d 19h Source:  Aquatic Biosystems, CO Age:
Data Transform Alt Hyp Comparison Result PMSD
Untransformed cC>T C6 East / G7 passed mean dry weight 21.35%
C5 East / G6 passed mean dry weight 21.35%
C4 West passed mean dry weight 21.35%
C3 West passed mean dry weight 21.35%
C3 Centre / G5 passed mean dry weight 21.35%
G4 passed mean dry weight 21.35%
C1 West passed mean dry weight 21.35%
Equal Variance t Two-Sample Test
Sample | VS Sample ll Test Stat Critical MSD DF P-Type P-Value Decision(a:5%)
Control C6 East/ G7 -5.221 1.86 0.279 8 CDF 0.9996 Non-Significant Effect
C5 East / G6 -3.559 1.86 0.349 8 CDF 0.9963 Non-Significant Effect
C4 West -1.476 1.86 0.344 8 CDF 0.9108 Non-Significant Effect
C3 West -5.066 1.86 0295 8 CDF 0.9995 Non-Significant Effect
C3 Centre / G5 -5.752 1.86 0.277 8 CDF 0.9998 Non-Significant Effect
G4 -4.623 1.86 0.328 8 CDF 0.9991 Non-Significant Effect
C1 West -4.186 1.86 0.357 8 CDF 0.9985 Non-Significant Effect
Auxiliary Tests
Attribute Test Test Stat Critical P-Value Decision(a:5%)
Extreme Value Grubbs Extreme Value Test 1.708 3.036 1.0000 No Outliers Detected
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)
Between 3.46596 0.495138 T 5.064 6.0E-04  Significant Effect
Error 3.12858 0.0977682 32
Total 6.59455 39
Distributional Tests
Attribute Test Test Stat Critical P-Value Decision(a:1%)
Variances Bartlett Equality of Variance Test 2.118 18.48 0.9530 Equal Variances
Distribution Shapiro-Wilk W Normality Test 0.9594 0.9236 0.1599 Normal Distribution
Mean Dry Weight Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max StdErr CV% %Effect
Control 5 1.672 1.417 1.927 1.633 1.399 1.957 0.09186 12.29%  0.00%
C6 East/ G7 5 2.454 2.125 2.782 2.356 2.157 2.823 0.1184 10.79%  -46.80%
C5 East / G6 5 2.34 1.885 2.794 2.511 1.903 2,67 0.1637 165.64% -39.96%
C4 West 5 1.945 1.498 2.391 2.031 1.544 2.423 0.1608 18.49% -16.35%
C3 West 5 2.474 2.116 2.833 2.603 2.007 2.735 0.1291 11.67% -48.02%
C3 Centre / G5 5 2.527 2.202 2.852 2.421 2.233 2.91 0.117 10.35% -51.18%
G4 5 2.486 2.069 2.903 2.449 2.1 2.946 0.1503 13.52% -48.71%
C1 West 5 2.475 2.007 2.943 2.47 1.999 2.959 0.1685 156.22%  -48.06%
'_%%M\i\ Y :
A L
001-349-190-8 CETIS™ v1.9.24 Analyst: QA.QO ﬂﬁ\lls
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Report Date: 14 Nov-19 14:24 (p 2 of 2)
Test Code: CT-1776-0119 | 16-1846-9023

Chironomus 10-d Survival and Growth Sediment Test

Bureau Veritas Laboratories

Analysis ID:  01-3230-7964

Endpoint:

Mean Dry Weight

CETIS Version: CETISv1.9.2
Official Results: Yes

Analyzed: 14 Nov-19 11:45 Analysis: Parametric-Two Sample
Mean Dry Weight Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep §
Control 1.399 1.609 1.633 1.957 1.76
C6 East/ G7 2.823 2.316 2.157 2.356 2618
C5 East/ G6 1.987 2,511 1.903 2.67 2,626
C4 West 2.423 2.095 2.031 1.544 1.631
C3 West 2.396 2.603 2.63 2.735 2.007
C3 Centre / G5 2.233 2.416 2.656 2.421 2.91
G4 211 2.946 2.678 2.449 2.256
C1 West 2.959 1.999 2.705 2.47 2.242
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ECOTOXICOLOGY Chironomus dilutus Survival and Growth Test )/
Survival of Larvae A Buareau\&r Ha;gréum
nEnwz FCD-00271/3
Client # & Name: SLR Start Date and Time: 2019 Oct 18 Page 1 of 1
Job # B985653 End Date: 2019 Oct 28

Organism Lot #: AB191018

Analysts: P. Howes, S. Gupta, K. Tamaki, Y. Su

Sample Rep Initial # Final # % Survival
Larvae Larvae Survived Mean % SD %

Control A 10 10 100 96 5
B 10 10 100
C 10 9 90
D 10 9 90
E 10 10 100

C6 East / G7 A 10 10 100 94 13
B 10 10 100
C 10 10 100
D 10 7 70
E 10 10 100

C5 East / G6 A 10 10 100 90 10
B 10 8 80
C 10 10 100
D 10 9 90
E 10 8 80

C4 West A 10 7 70 78 8
B 10 8 80
C 10 8 80
D 10 7 70
E 10 9 90

C3 West A 10 8 30 94 9
B 10 9 90
C 10 10 100
D 10 10 100
E 10 10 100

C3 Centre / G5 A 10 9 90 86 11
B 10 8 80
C 10 10 100
D 10 9 90
E 10 7 70

G4 A 10 8 80 84 5
B 10 8 80
C 10 8 80
D 10 9 90
E 10 9 90
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ECOTOXICOLOGY Chironomus dilutus Survival and Growth Test )(
Survival of Larvae a a m

A Bureau H’entas Group Company

BBYZFCD-OOZ?I}B
Client # & Name: SLR Start Date and Time: 2019 Oct 18 Pagelof1

Job # B985653 End Date: 2019 Oct 28

Organism Lot #: AB191018

Analysts: P. Howes, S. Gupta, K. Tamaki, Y. Su

Sample Rep Initial # Final # % Survival
Larvae Larvae Survived Mean % SD %
C1 West A 10 8 80 80 23
B 10 9 90
C 10 4 40
D 10 9 90
E 10 10 100

Proced By " Wi

20\ANov\S
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T 2536/ %m

ECOTOXICOLOGY Chironomid Survival and Growth Test
. BBY2FCD-00231/3
Dry Weights of Larvae Page #L of
Client # & Name: 1776 SLR Start Date and Time: 2019 OCT 18
Balance ID: BBY2-0260 End Date: 2019 OCT 28
Job # B985653 Weighing Dates: 2019 Oct 31
Drying Temperature (°C): 60 Drying Time (h) >24 h
Analyst(s): L. Nicholls D. Lai
Boat Sample Replicate] # Boat Wt. |Boat & Worms| Worm Wt. Mean Wt. Mean Wt. SD
i ID Worms (.5} Wt. (g) (mg) /Worm (mg) | /Sample (mg)
556 A 10 1.10871 1.12270 13.99 1.40 1.67 0.21
557 B 10 1.09457 1.11066 16.09 1.61
558 CONTROL ¢ 9 1.09082 1.10552 14.70 1.63
559 D 9 1.09488 1.11249 17.61 1.96
560 E 10 1.12393 1.14153 17.60 1.76
561 A 10 1.10362 1.13185 28.23 2.82 2.45 0.26
562 B 10 1.12019 1.14335 23.16 2.32
563 C6 EAST/G7 c* 9 1.11899 1.13840 19.41 2.16
564 D 7 1.10809 1.12458 16.49 2.36
565 E 10 1.10258 1.12876 26.18 2.62
566 A 10 1.10960 1.12947 19.87 1.99 2.34 0.37
567 B 8 1.11065 1.13074 20.09 2.51
568 | C5EAST/G6 [ 10 1.11012 1.12915 19.03 1.90
569 D 9 1.10493 1.12896 24.03 2.67
570 E 8 1.09153 1.11254 21.01 2.63
571 A 7 1.10617 1.12313 16.96 2.42 1.94 0.36
572 B 8 1.10863 1.12539 16.76 2.09
573 C4 WEST C 8 1.10503 1.12128 16,25 2.03
574 D 7 1.11196 142277 10.81 1.54
575 E 9 1.14219 1.15687 14.68 1.63
576 A 8 1.10191 1.12108 19.17 2.40 2.47 0.29
577 B 9 1.09426 1.11769 23.43 2.60
578 C3 WEST C 10 1.10439 1.13069 26.30 2.63
579 D 10 1.11424 1.14159 27.35 2.74
580 E 10 1.11557 1.13564 20.07 2.01
581 A* 8 1.10918 1.12704 17.86 2.23 2.53 0.26
582 B* 7 1.11818 1.13509 16.91 2.42
583 |[C3 CENTRE/G5 G 10 1.11244 1.13900 26.56 2.66
584 D* 8 1.10760 1.12697 19.37 2.42
585 E 7 1.10960 1.12997 20.37 2.91
Analyst: LN DL

The average dry weight for the replicate controls must be >0.6 mg, for the test to be valid.
Notes:*Pupated organism discovered at test end. Pupated organism removed from mean dry weight analysis.
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Ma_/)(am

ECOTOXICOLOGY Chironomid Survival and Growth Test
Dry Weights of Larvae BEYZRCD-00231/3
Page _@Q of 2
Client # & Name: 1776 SLR Start Date and Time: 2019 OCT 18
Balance ID: BBY2-0260 End Date: 2019 OCT 28
Job # B985653 Weighing Dates: 2019 Oct 31
Drying Temperature (°C): 60 Drying Time (h) >24 h

Analyst(s): L. Nicholls

Boat Sample Replicate| # Boat Wt. |Boat & Worms| Worm Wt. Mean Wt. Mean Wt. sD
# ID Worms (g) Wt. (g) (mg) /Worm (mg) | /Sample (mg)

586 A 8 1.09798 1.11478 16.80 2.10 2.49 0.34

587 B 8 | 1.00878 1.12235 23.57 2.95

588 G4 C 8 | 110970 1.13112 21.42 2.68

589 D 9 | 111976 114180 22.04 2.45

590 E* 8 | 113771 1.15576 18.05 2.26

591 A 8 1.10993 1.13360 23.67 2.96 2.47 0.38

592 B 9 | 1.13653 1.15452 17.99 2.00

593 | C1WEST C 4 | 1.10844 1.11926 10.82 2.70

594 D 9 | 111702 1.13925 22.23 2.47

595 E 10 | 1.11038 1.13280 22.42 2.24

596 [ 0a/QC 110077 | 1.10079 - : - -

597 [ aa/ac 1.11999 1.11993 5 : s :

586 | oa 8 1.09790 1.11458 16.68 - . :

Analyst: LN DML

The average dry weight for the replicate controls must be >0.6 mg, for the test to be valid.
Notes:*Pupated organism discovered at test end. Pupated organism removed from mean dry weight analysis.

Qroo%dﬁyl%uw
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MaxXam
A Bureau Veritas Group Company
ECOTOXICOLOGY BBY2FCD-00138/3
CHIRONOMUS DILUTUS SURVIVAL AND GROWTH TEST - TEST INFORMATION ~ Pagelofl

Client# & Name: [336 SR CONSULTING

Job#: BRYF5L53
Test Initiation Date & Time:  October 18, 2019 @ | F:00 Analyst: "7.«5&;

Test Completion Date:  October 28, 2019

Analyst(s) - maintenance L . g )
and test completion: Liw SUI ‘M‘/ p \'\UM
¥ u y I. T —

S-Gupta-

Control Water Batch: 2019101b
Control Sediment: yagq wina sedinerct 2009 004

NN L= |
i oa i
Organism Lot: AB [7!0 (9 WESWL ol \W0o

Age at Start of Test: S€ M .8‘:6 AOEAC

Feeding Regime:  3.75 mL Tetrafin slurry (4 g/L) per replicate 3x weekly

Food Preparation Date: ,‘D\O\ﬁ( hg
Balance ID: B4, RSO
Drying Oven ID: @@}]’&—-0‘9\)“ x
WQInstrumentID:  BBYJ-0353 . BB yg__oséé

Additional Comments: A /
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9 Ma;?gam

BBY2FCD-00140/3

CHIRONOMUS DILUTUS TEST DATA SHEET S Page1of1
Sample ID: CONTROL Start Date: 2019 OCT 18
sample Date: INA End Date: 2019 OCT 28

sample Received: VA Job/Sample #:  B985653
Measurements Samples Taken
pH Hardness Conductance Alkalinity Ammonia
(mg/L CaCOs) (uS/cm) (mg/L CaCOs) (mg/L)
Initial Final Initial Final Initial Final Initial Final Initial Final
&l 8:3 | 973 [ 133 | 3% | 550 (L |wo oo b6

Initial overlying WQ measurements:

Final overlying WQ measurements:

Analyst yS Date QDI?OCT 15 Analyst VS Date 0 79'0(796
Day Friday Monday Wednesday Friday Monday
Day O Day 3 Day 5 Day 7 Day 10
Temp. (2C) z3: | P36 2.7 | 22,6 Y4 37
0o.(mg) | 9% &6 88| &3 | 8¢ .,
| Feeding \/ \{.k lj %’// il v
‘ Analyst ys y yj VS
U
Replicate A B C D E
# Surviving ‘,0 \O q ? "0
Analyst e \& Q“ Q“ SCI" [',),[/}
Date Replicate | Comments Analyst
"/-'/
/
/L,' = \\\J\?
e O
= I g
]
7
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Ma / am
BBY2 FCD-00140/3

CHIRONOMUS DILUTUS TEST DATA SHEET ) . o ~ Page 1of1
Sample ID: C6 EAST/G7 Start Date: 2019 OCT 18
Sample Date: 2019 OCT 01 @ 10:55 End Date: 2019 OCT 28
Sample Received: 2019 OCT 23 @ 18:00 Job/Sample #:  B985653
‘ Measurements Samples Taken
pH Hardness Conductance Alkalinity Ammonia
(mg/L CaCO,) (nS/cm) (mg/L CaCO,) (mg/L)
Initial Final Initial Final Initial Final Initial Final Initial Final
&/ 83 | 1¥b 352 | 598 | 937| O [0 o | o0

Initial overlying WQ measurements:

7:inal overlying WQ measurements:

Analyst ys pate 2019 0T (8 Analyst 7S ’ pate 2013 O A
Day T O T

Temp. (20) 29,9 %%’ 3.0 | gz.9| 93

p.o.(mg/) | 603 4 57 | 8¢ 60

Feeding v \y v Jéif/ v =1 ‘
ol ys V| ¥s | vs | ¥

Replicate A Bw C D E

wsunning | 10 = éﬁ' o] .\Q Buse rrsMod 2%

| & | Wb | e

Date Replicate | Comments Analyst |
Bloals| ¢ |\ poprte) . Nekindodey) NIV 2%

set?
sl \m‘\\l’{'
_ N ‘@D\Q;\\\J‘“”
| e
A //
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ECOTOXICOLOGY BBY2FCD-00140/3
CHIRONOMUS DILUTUS TEST DATA SHEET Page 1of1
Sample ID: C5 EAST/G6 Start Date: 2019 OCT 18
Sample Date: 2019 OCT 01 @ 13:35 End Date: 2019 OCT 28
Sample Received: 2019 OCT 23 @ 18:00 Job/Sample #:  B985653
Measurements Samples Taken
pH Hardness Conductance Alkalinity Ammonia
(mg/L CaCO;) (1S/cm) (mg/L CaCO;) (mg/L)
Initial Final Initial Final Initial Final Initial Final Initial Final
29 | &1 [ 199 | ¢ | 637 | 923 [wo |ax |of o )
Initial overlying WQ measurements: Final overlying WQ measurements:
_Analyst }PS Date ‘;70{9 OGT!‘? Analyst yf Date 20 {? 0(];’)5’
Day Friday Monday Wednesday Friday Monday
Day 0 Day 3 Day 5 Day 7 Day 10
Temp. (2C) 3.0 }’3‘(; 67(?.9 -22,6 Z3: 0
) g' 1
po.mgy | 8/ | 2% 7| &5 84
-| Feeding v/ lL\’ \f W il
[ Analyst Vs y ’l% y5
U
Replicate A B C D E —|
1y {
# Surviving L\ 47 \b q A -
Analyst K 6(.\ i K‘\' Q\>\ 9 (1 L
Date Replicate Comments Analyst
/
_d_.«-"‘"-,’
o - \
_epa NI
) g
o s
L~
/
/
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Ma )(am

BBY2FCD-00140/3

CHIRONOMUS DILUTUS TEST DATA SHEET B i - Page 1 of 1
Sample ID: C4 WEST Start Date: 2019 OCT 18
Sample Date: 2019 OCTO01 @ 11:45 End Date: 2019 OCT 28

Sample Received: 2019 OCT 23 @ 18:00 Job/Sample #:  B985653
Measurements Samples Taken
pH Hardness Conductance Alkalinity Ammonia
(mg/L CaCO;) (1S/cm) (mg/L CaCO;) (mg/L)
"Initial Final Initial Final Initial Final Initial Final Initial Final
& | &2 | 19F | 269 | 667|854 |[ax> |wo  [vD o

Initial overlying WQ measurements:

Vs pate VOI70CT /&

Final overlying WQ measurements:

ys Date o20i F0CT

Analyst Analyst
Day Friday Monday Wednesday Friday Monday
Day 0 Day 3 Day 5 Day 7 Day 10
Temp. (2C) X7 ?/3(@ 3L 22\ F 2]
vomgy| 83 | B4 | 86| 8¢ | 8.9
Feeding v l{}r f .ir’ il '/
' Analyst ys M Vs ys
U
Replicate © A B C D
bt # Surviving ’”i' % @ r’
Analyst A' P H Kk P H
Date Replicate Comments Analyst
P | Al stroea odovr PH
NJ ==
MU_\/D\'O\ \\\wb
U )
o NN i
/// [ g
P
/
P
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Ma )(am

BBY2FCD-00140/3

CHIRONOMUS DILUTUS TEST DATA SHEET - - B Page 1 of 1
Sample ID: C3 WEST Start Date: 2019 OCT 18
Sample Date: 2019 0CT02 @ 11:45 End Date: 2019 OCT 28
Sample Received: 2019 OCT 23 @ 18:00 Job/Sample #:  B985653
Measurements Samples Taken
pH Hardness Conductance Alkalinity Ammonia
(mg/L CaCO;) (nS/cm) (mg/L CaCO;) (mg/L)
Initial Final Initial Final Initial Final Initial Final Initial Final
&l 53 164 320 | §/3 | FTF |\ocO  [(BO  |pug |00

Initial overlying WQ measurements: Final overlying WQ measurements:

Analyst ys Date 20l70cT1& Analyst j’s pate 09 OCT 8

Day Friday Monday Wednesday Friday Monday

Day 0 Day 3 Day 5 Day 7 Day 10
Temp. (2C) ;?g'? }3'{9 35(3 ;yl? ?9-?
po.(mey | 83 3l §6 | &y &-4
i o L

Feeding \/ t(,k j }
| Js

Analyst »V‘S %’/ y/s

Replicate A B C D E

# Surviving % q t O | O lD

Analyst Q C\ ys )/S \0( 9 H
| Date Replicate Comments Analyst

//’
4/’@
S F S
= // \\3 03
|

| /
L //
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Ma

?(?)?am

BBY2FCD-00140/3

CHIRONOMUS DILUTUS TEST DATA SHEET Pagelofl
Sample ID: C3 CENTRE/G5 Start Date: 2019 OCT 18
Sample Date: 2019 OCT 02 @ 10:18 End Date: 2019 OCT 28
Sample Received: 2019 OCT 23 @ 18:00 Job/Sample #: B985653
Measurements Samples Taken
pH Hardness Conductance Alkalinity Ammonia
(mg/L CaCOs) (nS/cm) (mg/L CaCOs) (mg/L)
Initial Final Initial Final Initial Final Initial Final Initial Final
g2 | 84 sy | 3 | 489 | F6l | B | B0 |oiF |oSK
Initial overlying WQ measurements: Final overlying WQ measurements:
[ Analyst ,VS Date 970/? 007/&" Analyst ys Date 20!90(7—93‘”
Day Friday Monday Wednesday Friday Monday
Day 0 Day 3 Day 5 Day 7 Day 10
Temp. (2C) g;‘? ?”369 Z3.d X, & ;;(7
D.O. (mg/L) &3 ﬁ'(" &7 i £
Feeding \/ [k’ J %/ il L S
sk ys s ys | ¥
9 A
Replicate A B X C D E
_ ; (29
# Surviving C] * 8 I & Ct ",
Analyst P H’ yf yj K\' p u
Date Replicate | Comments Analyst
A0 D \_pupaded chionomd- hot ndoded n Weldalodat | Wk
20190998 B | _pupored chs ronoasc] ~ Aot inclusled n e cooighbost| s
| %oiq0ck % A L AM.&&WV@M& _aok ncluded ove wotielboaf PH
. { [ J —
1 "_/
v
ATy \\-ﬁn\\’\'
% Qb ™
.-"’jlﬁ/,i |
T
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MaxxXam
. ECOTOXICOLOGY BBY2FCD-00140/3
3 CHIRONOMUS DILUTUS TEST DATA SHEET = o __ Pagelofl
SampleID: G4 Start Date: 2019 OCT 18
Sample Date: 2019 0CT02 @ 12:50 End Date: 2019 OCT 28
Sample Received: 2019 OCT 23 @ 18:00 Job/Sample #: B985653
Measurements Samples Taken
pH Hardness Conductance Alkalinity Ammonia
(mg/L CaCO;) (1S/cm) (mg/L CaCO;) (mg/L)
Initial Final Initial Final Initial Final Initial Final Initial Final
&l 83 | el L] | s0F| SeYf|\oo [\O ik [0\O
Initial overlying WQ measurements: Final overlying WQ measurements:
/ 3 #
Analyst ys Date 20/9 OOT 8' Analyst ,V} Date Qo} c)r 067—3‘6)
Day Friday Monday Wednesday Friday Monday
Day 0 Day 3 Day 5 Day 7 Day 10
Temp. (2C) 23, / }3 ‘l@ 234 2, ? Q;?“y
D.O. (mg/L) &‘l KS 85’ 36 811/
W rd st
Feeding 4 \Lk‘ ‘[r T
LY
Analyst ‘ys M yS % VS
Replicate A B C D E
N\
# Surviving ? 8, % q L‘
Analyst & yS Kk P H K\-
Date Replicate Comments ' Analyst

Tz | | pupal) NS - Kbt (dvded Wlloh ok iy

Pe

_-—"//
‘‘‘‘‘‘‘ e
e HJ/ = N "
— N @ ™
./‘"'/"‘} \U
e
P
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Ma )( am

-

ECOTOXICOLOGY BBY2FCD-00140/3
CHIRONOMUS DILUTUS TEST DATA SHEET _ Pagelofl
SampleID: C1 WEST Start Date: 2019 0OCT 18
Sample Date: 2019 OCT 02 @ 16:20 End Date: 20190CT 28
Sample Received: 2019 OCT 23 @ 18:00 Job/Sample #: B985653
Measurements Samples Taken
pH Hardness Conductance Alkalinity Ammonia
(mg/L CaCO;) (nS/cm) (mg/L CaCO;) (mg/L)
Initial Final Initial Final Initial Final Initial Final Initial Final
8.0 84 g1 | 312| 67| 175 |ay |30 o | oM
Initial overlying WQ measurements: Final overlying WQ measurements:
Analyst yS' Date 070’ ? 003-”6} Analyst yj Date Jo{‘? OC’T‘;‘S
-3 Day Friday Monday Wednesday Friday Monday
Day 0 Day 3 Day 5 Day 7 Day 10
Temp. (2C) Z3. / 2’3 } :3'3 ;5‘; 3;?
i . 9}
vo.mgny| & | 5 | 86 5| 89
Feeding \/ 'a( J a/
/S ;

! Analyst }’5 _}/— y J/‘S

Replicate A B C D E

# Surviving @ q b\ q ’O

S S

Analyst (\7('( ‘é.l’ C/] Q Cr y

Date Replicate Comments Analyst

gf)wm MQQQMQ No (9_{_ AN vOownouwudy = [p WwB M‘H&Q: ) ’5%@q é(‘[

V .
.d"“-./
. '/— = et
- i e - \_}/ A AN = l_ LL'
e Sl




Appendix "A" to Report PW19008(g)/LS 19004 (f)
Page 275 of 406

ECOTOXICOLOGY Reconstitued Water Recipe for Chironomus

Ma )g/x"a rr
BBY2FCD-00141/2
Page1of1

BATCH ID:
(Date Hardened)

o\ Och |6

Chironomus dilutus H,0 Hardness Adjustment (Environment Canada 1997)
(For water hardness 90 - 100 mg/L)

Chemical Weights CaCl;X2H,0 MgSO, (a) CaSO, (9) NaHCO; (g9) KClI (g)
Brand Gahes | fHhes | Qenes Ryhes Banes
Lot # \EWL & 182N |QoQfobd 18T Sof | |12 53
Calculated 3.97 180 3.00 5.76 0.24
Actual 2.3 || .&oo [3.000% | ST Ao, a5 3
Balance ID: REYA~039k0
Analyst: 2 e Waiain Add to Type 3 DI (L): 60
Water Use: 60L DI Machine ID: NBYa-olk O
Date: S0\ Ok \l
Water Quality:
Tep: s T oH: 83 Hardness | 0O
Cond: 861 DO: 84 Alkalinity:
Analyst: M.Su pate: 01T OCT |13
Comments:

CaCl2 x 2H20 (Calcium Chloride - dihydrous)
MgS04 (Magnesium Sulphate - anhydrous)
CaS0, (g) (Calcium Sulphate- anhydrous)
NaHCO3 (Sodium Bicarbonate)

KCl (Potassium Chloride)

Recipe: 0.45mM CaCl2: 0.37mM CaS04: 0.25mM MgS04: 1.14mM NaHCO3: 0.05mM KCI




Appendix "A" to Report PW19008(g)/LS 19004 (f)
Page 276 of 406

ECOTOXICOLOGY Chironomus dilutus (Formerly C. tentans) M--a-{xi-a m

Measurements of Head Capsule Widths
BBY2FCD-00247/1

Pagelof1
Client # & Name: SLR

Start Date and Time: 2019 Oct 18

End Date: 2019 Oct 28

Organism Lot #: AB191018

Head Widths at Beginning of Test

Chironomid # Head Width (mm)
1 0.35
2 0.65
3 0.34
4 0.38
5 0.41
6 0.40
7 0.40
8 0.66
9 0.37
10 0.45
11 0.46
12 0.37
13 0.34
14 0.45
15 0.62
16 0.36
17 0.39
18 0.40
19 0.50
20 0.55
Average 0.44
SD 0.10
Analyst DML

Average must be 0.33-0.45 mm (Environment Canada 1998)
1 mm=40 units on micrometer
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. ECOTOXICOLOGY --Chironomus-dilutus (Formerly C. tentans) M a)'g(ia -

Measurements of Head Capsule Widths
BBY2FCD-00247/1

Client # & Name: \I\r“o ,9\6]'\', W Ay faged.0f
Start Date and Time: “ANO\CA XK
End Date: 9‘\6\0\ @QX&%
Organism Lot #:_ YNAWD \ K
Head Widths at Beginning of Test
Chironomid # Head Width (mm)
1 [ 2o
2 65
3 0. D
4 O0'DY
> O il
6 O kO
7 O Lo
8 O L,
9 OBT
10 OUs
11 o4
12 Ot o
13 o5k
14 ous
15 O
16 Q2L
17 0.3g
18 O 4
19 O.56
20 055
Average #DIV/0!
SD #DIV/0!
Analyst DM\

Average must be 0.33-0.45 mm (Environment Canada 1998)
1 mm=40 units on micrometer
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Toll Free: 800/331-5916
Tel:970/484-5091 Fax:970/484-2514

1300 Blue Spruce Drive, Suite C
Fort Collins, Colorado 80524

P\E\q\O[g ' ’

5 + 5 0O ORGANISM HISTORY
[,,\5{0 e DATE 10/17/2019 ,
SPECIES: Chironomus dilutus (formerly C. tentans) ]L'i
AGE: Deposited 10/7/2019 .
LIFE STAGE: Second Instar 10/16/2019 v
HATCH DATE: Emergent date 10/28/2019
BEGAN FEEDING: Immediately
FOOD: Raphidocelis subcapitata.*, Flake slurry
Water Chemistry Record: Current Range
TEMPERATURE:' 24°C 24-26°C
SALINITY/CONDUCTIVITY: - --
TOTAL HARDNESS (as CaCOs): 146 mg/l 100-180 mg/l
TOTAL ALKALINITY (as CaCOs): 80 mg/l 50-90 mg/1
7.61 7.58-8.30

Comments: %

Formerly known as Psuedokirschneriella subcapitata and Selenastrum capricornutum

Aquatic BioSystems, Inc ¢

i’
Facility Supervisor

Quality Research Organisms
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ECOTOXICOLOGY ORGANISMS - M
ACCLIMATION AND HOLDING CONDITIONS Vgl X8 X A TT]
BBY2FCD-00070/5

Page _\ of S

Client #'s : 0757 /q'737/ '—'??é)ate & Time of Arrival: ¥ © "?OC ris @ r2:00
Organism Lot #: A B l?f ) fg Age upon Arrival: &fé W\S%cp(‘
Water (L) per Shipping Bag: 500 mp Organism:  CA, rpppmis olifutis
Number of Shipping Bags: l ’ #of Organisms Ordered: /470 + (45 + 300

Light Intensity (lux): 6 "\ aray /8

Arrival Conditions
Cond
Bag ID # Dead % Dead (’;:ﬁ:l?:(f T;';p "[:;,E) pH Feeding Analyst
; (pnt)
/ © © ik Zi5 | I1.] J.o |\ P
z 0 o LE] ZIF | 19T 2.0 | \ Z
3 O 0 469 Ll 20:F 7.0 \ i
4 9 0 479  |@%FF5ab 189 | J.0 \ s
& %) Q Hto wH ¢ (YR 9 NEX ¥
3 0 B 47t ZhF 3 +.0 | YIA 2
7| o o 47t |z 1.6 | 13.8 T2 WS AN YA
5| o o 93¥5 | Z0 g | (3.9 | €9 | Py V2
q o 0 {30 zl.9 9.9 7.0 ™\ ys
[0 (] 0 46 2¢8: 7 [ & i O ys
Daily Conditions[l')uring Hgldingmccligation 517 2.8 170 3.0 A y3
Mortalities Water Quality
Cond
(o] ;
Date # Dead % Dead “;:::::\}f T;rcn}p {rr?g ) pH Feeding Analyst
_(pot)
\
\H‘
\“-‘-‘-
\x
\ o
J ~
— ~=1
\“.
\""&_
Total Mortalities T~
EquipmentiD: BR YL — 0408
Comments (e.g. feeding times and quantities; fish behaviour, acclimation conditions): Analyst
A wodet am\\}t N N ot =\ a\ec <9 el

— OW A AYe
(e L

——




ECOTOXICOLOGY

Appendix "A" to Report PW19008(g)/LS19004(f)

Randomization Chart
Tab: Sediment Tests

Page 2

Ma

of 406
alm

& Bureau Yeritas Group Company
o

-BBY2FCD-00438/2—

Pg:1of1
Test: CHIRONOMUS Start Date: 2019 OCT 18
Client # & Name: 1776 SLR CONSULTING LTD
Back Wall Position Map

6 12 18

5 11 17

4 10 16

3 9 15

2 8 14

1 7 13 etc.

Front of Counter
Position # Sample ID Replicate Colour Position#  Sample ID Replicate Colour

35 A 5 A
6 B 13 B
40 c 34 C
19 CONTROL b Red 16 G4 b Purple
14 E 39 E
42 Measure 1 Measure
33 A 47 A
37 B 4 B
23 C 25 C .
7 C6 EAST/G7 b Orange 36 C1 WEST b Pink
22 E 7 E
24 Measure 2 Measure
48 A 49 A
10 B 50 B
41 c 51 C )
21 C5 EAST/G6 b Yellow . b Light Blue
43 E 53 E
9 Measure 54 Measure
28 A 55 A
45 B 56 B
8 G 57 C .
29 C4 WEST b Green cg 5 Light Green
3 E 59 E
26 Measure 60 Measure
11 A 61 A
31 B 62 B
38 C 63 & .
19 C3 WEST B Dark Green & b Pink/Yellow
30 E 65 E
44 Measure 66 Measure
20 A 67 A
18 B 68 B
27 C 69 C
15 C3CENTRE/G5 b Blue 70 B Red/Green
46 E 71 E
32 Measure 72 Measure
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BRI E AL
(VERITAS

BV Labs Job #: B985884
Report Date: 2019/10/25

Bureau Veritas Laboratories (TOX Internal)
Client Project #: B985653

Sampler Initials: YS

RESULTS OF CHEMICAL ANALYSES OF WATER

BV Labs ID WS9519 WS9520 WS5521

Sampling Date 2019/10/18 2019/10/18 2019/10/18

COC Number 18218 18218 18218

w
UNITS 1776 C()’ntrol PW RDL 1776 CG‘ East PW 1776 C5' East P RDL
Chiron Chiron Chiron

Nutrients

Total Ammonia (N) | mg/L | 0.32 [0.015] 21 (1) | 29 (1) o.38

RDL = Reportable Detection Limit

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
BV Labs ID WS9522 WS9523 WS9524
Sampling Date 2019/10/18 2019/10/18 2019/10/18
COC Number 18218 18218 18218

PW
UNITS 1776 C4.West PW RDL 1776 C3‘West PW RDL 1776 C3 Fenter RDL
Chiron Chiron Chiron

Nutrients
Total Ammonia (N) [ me/ | 55 (1) [0.75] 14 (1) 0.15] 13 0.015
RDL = Reportable Detection Limit
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Page 3 of 10
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rize

EBILREA U

BV Labs Job #: B989884
leport Date: 2019/10/25

Bureau Veritas Laboratories (TOX Internal)
Client Project #: B985653
Sampler Initials: YS

RESULTS OF CHEMICAL ANALYSES OF WATER

BV Labs ID WS9525 WS9526 \W59527 WS9528
Sampling Date - 2019/10/18 2019/10/18 2019/10/18 2019/10/18
COC Number. 18218 18218 18218 18218
1776 C6 East
| TESAM | TGN | g | TEComd O | Gya | o
Chiron
Misc. Inorganics
pH [ oH | | ] | ] 7.64 7.88 | n/A
Anions
Alkalinity (PP as CaC03) mg/L <1.0 <1.0 1.0
Alkalinity (Total as CaCO3) mg/L 60 97 1.0
Bicarbonate (HCO3) mg/L 73 120 1.0
Carbonate (CO3) mg/L <1.0 <1.0 1.0
Hydroxide (OH) mg/L <1.0 <1.0 1.0
Nutrients
Total Ammonia (N) [ mg/L | 11 (1) l0.15] 0.64 |0.015] 0.074 0.13 0.015
RDL = Reportable Detection Limit
N/A = Not Applicable
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
BV Labs ID WS9529 W59530 WS59531 WS9532
Sampling Date 2019/10/18 2019/10/18 2019/10/18 2019/10/18
COC Number 18218 18218 18218 18218
i : 1776 C5 East 1776 C4 West 1776 C3 West 1776 C3 Center
UNITS Overy Day 0 Overy Day 0 Overy Day 0 Overy Day 0 RDL
Chiron Chiron Chiron Chiron
Misc. Inorganics
pH [ ot | 7.99 7.99 8.01 7.93 | N/A
Anions
Alkalinity (PP as CaCO3) mg/L <1.0 <1.0 <1.0 <1.0 1.0
Alkalinity (Total as CaCO3) mg/L 120 130 100 93 1.0
Bicarbonate (HCO3) meg/L 150 160 120 110 1.0
Carbonate (CO3) mg/L <1.0 <1.0 <1.0 <1.0 1.0
Hydroxide (OH) mg/L <1.0 <1.0 <1.0 <1.0 1.0
Nutrients
Total Ammonia (N) | mg/L | 0.32 13 0.48 0.17 0.015
RDL = Reportable Detection Limit
N/A = Not Applicable
Page 4 of 10

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1KS Telephone{604) 734-7276 Fax(604) 731-2386
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Bureau Veritas Laboratories (TOX Internal)
Client Project #: B985653
Sampler Initials: YS

RESULTS OF CHEMICAL ANALYSES OF WATER

|BV Labs ID WS9533 W59534
Sampling Date 2019/10/18 2019/10/18
coc Number 18218 18218
1776 G4 Over 1776 C1 West

U Day 0 Chirr.-nv Overy Day OChiron RAN.
Misc. Inorganics
pH | pH | 7.90 7.77 | N/A
Anions
Alkalinity (PP as CaCO3) mg/L <1.0 <1.0 1.0
Alkalinity (Total as CaCO3) mg/L 100 93 1.0
Bicarbonate (HCO3) mg/L 130 110 1.0
Carbonate (CO3) mg/L <1.0 <1.0 1.0
Hydroxide (OH) mg/L <1.0 <1.0 1.0
Nutrients
Total Ammonia (N) | mg/L | 0.14 0.11 0.015
RDL = Reportable Detection Limit
N/A = Not Applicable

Page 5 of 10

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1KS Telephone(604) 734-7276 Fax{604) 731-2386
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Bureau Veritas Laboratories (TOX Internal)

Sampler Initials: YS

RESULTS OF CHEMICAL ANALYSES OF WATER

BV Labs ID WU6e782 WUuUB783 Wu6784 WU6785
Sampling Date 2019/10/28 2019/10/28 2019/10/28 2019/10/28
COC Number 18571 18571 18571 18571
i 1776 1 1776 Ch D 1776 Ch Day 10 76 Ch Day 10 C3
s Ccc:::t?;‘ly ’ ROL W’e:tY il C5 I(E::st;gﬁ o Wesi:‘|r RDL

Misc. Inorganics
pH [ oH | 8.14 [ n/a] 7.93 7.89 | 8.13 | n/A
Anions
Alkalinity (PP as CaCO3) mg/L <1.0 1.0 <1.0 <1.0 <1.0 1.0
Alkalinity (Total as CaCO3) mg/L 140 1.0 110 97 150 1.0
Bicarbonate (HCO3) mg/L 180 1.0 130 120 190 1.0
Carbonate (CO3) mg/L <1.0 1.0 <1.0 <1.0 <1.0 1.0
Hydroxide (OH) mg/L <1.0 1.0 <1.0 <1.0 <1.0 1.0
Nutrients
Total Ammonia (N) [ mg/L | 6.6 (1) [0.075] 0.12 0.10 0.090 0.015
RDL = Reportable Detection Limit
N/A = Not Applicable
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

BV Labs ID Wue786 Wue787 WUu6788 WUu6789

Sampling Date ' 2019/10/28 2019/10/28 2019/10/28 2019/10/28

COC Number 18571 18571 18571 18571

UNITS 1776 Ch Day 10 1776 Ch Day 10 C1 1776 Ch Day 10 1776 Ch Day 10 RDL
C3 Centre G5 West G4 CBEAST/G7

Misc. Inorganics

pH | pH | 8.19 8.19 8.16 8.09 | n/A

Anions

Alkalinity (PP as CaCO3) meg/L <1.0 <1.0 <1.0 <1.0 1.0

Alkalinity (Total as CaCO3) meg/L 150 170 160 130 1.0

Bicarbonate (HCO3) mg/L 190 200 190 160 1.0

Carbonate (CO3) mg/L <1.0 <1.0 <1.0 <1.0 1.0

Hydroxide (OH) mg/L <1.0 <1.0 <1.0 <1.0 1.0

Nutrients

Total Ammonia (N) | mg/L | 0.078 0.11 0.10 0.11 0.015

RDL = Reportable Detection Limit

N/A = Not Applicable

Page 3 of 7

Bureau Veritas Laboratarles Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca

APPENDIX

C 14-DAY HYALELLA AZTECA SURVIVAL AND GROWTH TEST

BUREAU VERITAS
LABORATORIES
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CETIS Ana|yﬁca| Report Report Date: 14 Nov-19 11:43 (p 1 of 2)
Test Code: HA-1776-0119 | 03-5566-2885

Hyalella 14-d Survival and Growth Sediment Test Bureau Veritas Laboratories

Analysis ID:  08-9493-9909 Endpoint: Survival Rate CETIS Version: CETISv1.9.2

Analyzed: 14 Nov-19 11:43 Analysis: STP 2xK Contingency Tables Official Results: Yes

Batch ID: 16-9287-0172 Test Type: Survival-Growth Analyst:

Start Date: 17 Oct-19 16:34 Protocol: EC/EPS 1/RM/33 Diluent: Reconstituted Water

Ending Date: 31 Oct-19 12:00 Species: Hyalella azteca Brine: Not Applicable

Duration: 13d 18h Source: Aquatic Biosystems, CO Age:

Fisher Exact/Bonferroni-Holm Test

Sample | Vs Sample ll Test Stat P-Type P-Value Decision(a:5%)
Control C6 East/ G7* 0.0000 Exact 4.7E-06  Significant Effect

C5 East/ G6* 0.0000 Exact 6.5E-11 Significant Effect

C4 West* 0.0000 Exact 1.7E-25  Significant Effect

C3 West* 0.0000 Exact 1.6E-08 Significant Effect

C3 Centre / G5 0.0297 Exact 0.0594 Non-Significant Effect

G4~ 0.0000 Exact 2.1E-05  Significant Effect

C1 West 0.1022 Exact 0.1022 Non-Significant Effect
Auxiliary Tests
Attribute Test Test Stat Critical P-Value Decision(a:5%)
Extreme Value Grubbs Extreme Value Test 2.899 3.036 0.0882 No Outliers Detected
Data Summary
Sample Code NR R NR+R PropNR PropR  %Effect
Control 49 1 50 0.98 0.02 0.0%
C6 East/ G7 30 20 50 06 0.4 38.78%
C5 East/ G6 19 31 50 0.38 0.62 61.22%
C4 West 1 49 50 0.02 0.98 97.96%
C3 West 24 26 50 0.48 0.52 51.02%
C3 Centre / G5 43 7 50 0.86 0.14 12.24%
G4 32 18 50 0.64 0.36 34.69%
C1 West 45 5 50 0.9 0.1 8.16%
Survival Rate Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
Control 1.0000 1.0000 1.0000 1.0000 0.9000
C6 East/ G7 0.5000 0.5000 0.8000 0.4000 0.8000
C5 East/ G6 0.5000 0.4000 0.4000 0.6000 0.0000
C4 West 0.0000 0.0000 0.0000 0.0000 0.1000
C3 West 0.5000 0.7000 0.4000 0.4000 0.4000
C3 Centre / G5 0.9000 1.0000 0.8000 0.6000 0.9000
G4 0.6000 0.8000 0.6000 0.8000 0.4000
C1 West 0.9000 1.0000 1.0000 1.0000 0.6000

001-349-190-8

CETIS™ v1.9.2.4
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Report Date: 14 Nov-19 11:43 (p 2 of 2)
Test Code: HA-1776-0119 | 03-5566-2885

Hyalella 14-d Survival and Growth Sediment Test

Bureau Veritas Laboratories

Analysis ID:  08-9493-9909
Analyzed: 14 Nov-19 11:43

Endpoint: Survival Rate
Analysis: STP 2xK Contingency Tables

CETIS Version: CETISv1.9.2
Official Results: Yes
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CETIS Analytical Report Report Date: 14 Nov-1911:43 (p 1 of 2)
Test Code: HA-1776-0119 | 03-5566-2885
Hyalella 14-d Survival and Growth Sediment Test Bureau Veritas Laboratories
Analysis ID:  14-4476-8468 Endpoint: Mean Dry Weight-mg CETIS Version: CETISv1.9.2
Analyzed: 14 Nov-19 11:43 Analysis: Parametric-Two Sample Official Results: Yes
Batch ID: 16-9287-0172 Test Type: Survival-Growth Analyst:
Start Date: 17 Oct-19 16:34 Protocol: EC/EPS 1/RM/33 Diluent:  Reconstituted Water
Ending Date: 31 Oct-19 12:00 Species: Hyalella azteca Brine: Not Applicable
Duration: 13d 19h Source: Aquatic Biosystems, CO Age:
Data Transform Alt Hyp Comparison Result PMSD
Untransformed C>T C6 East / G7 failed mean dry weight-mg 14.18%
C5 East / G6 failed mean dry weight-mg 14.18%
C4 West failed mean dry weight-mg 14.18%
C3 West failed mean dry weight-mg 14.18%
C3 Centre / G5 failed mean dry weight-mg 14.18%
G4 failed mean dry weight-mg 14.18%
C1 West failed mean dry weight-mg 14.18%
Equal Variance t Two-Sample Test
Sample | vs  Samplell Test Stat Critical MSD DF P-Type P-Value Decision(a:5%)
Control C6 East/ G7* 9.529 1.86 0.019 8 CDF 6.1E-06  Significant Effect
C5 East / G6* 8.422 1.895 0.022 7 CDF 3.3E-05  Significant Effect
C4 West* 4.297 2,132 0.040 4 CDF 0.0063 Significant Effect
C3 West* 13.48 1.86 0.015 8 CDF 4.4E-07  Significant Effect
C3 Centre / G5* 7.181 1.86 0.017 8 CDF 4.7E-05  Significant Effect
G4* 6.139 1.86 0.027 8 CDF 14E-04  Significant Effect
C1 West* 3.64 1.86 0.020 8 CDF 0.0033 Significant Effect
Auxiliary Tests
Attribute Test Test Stat Critical P-Value Decision(a:5%)
Extreme Value Grubbs Extreme Value Test 2.97 2.978 0.0516 No Outliers Detected
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)
Between 0.0472032 0.0067433 7 23.34 <1.0E-37 Significant Effect
Error 0.0078016 0.0002889 27
Total 0.0550048 34
Distributional Tests
Attribute Test Test Stat Critical P-Value Decision(a:1%)
Variances Levene Equality of Variance Test 1.253 3.388 0.3101 Equal Variances
Distribution Shapiro-Wilk W Normality Test 0.9727 0.9146 0.5210 Normal Distribution
Mean Dry Weight-mg Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max StdEr CV% %Effect
Control ] 0.1415 0.12 0.163 0.134 0.1256 0.166 0.007743 12.24% 0.00%
C6 East/ G7 ] 0.04305 0.02406 0.06204 0.045 0.024 0.06 0.006841 35.53% 69.58%
C5 East/ G6 4 0.04383 0.01638 0.07129 0.04667 0.022 0.06 0.008627 39.36% 69.02%
C4 West 1 0.06 0.06 0.06 0.06 0 0.00% 57.60%
C3 West 5 0.02939 0.02093 0.03784 0.028 0.0225 0.04 0.003045 23.17% 79.23%
C3 Centre / G5 5 0.07627 0.06307 0.08947 0.08167 0.05889 0.08444 0.004754 13.94%  46.11%
G4 5 0.0525 0.01846 0.08654 0.05 0.02333  0.0975 0.01226 52.21% 62.90%
C1 West 5 0.1022 0.08135 0.1231 0.09667 0.08444 0.121 0.007518 16.45% 27.76%
\
A P
oot 200G
001-349-190-8 CETIS™ v1.9.2.4 Analyst: QA: Wl
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CETIS Analytical Report Report Date: 14 Nov-19 11:43 (p 2 of 2)
Test Code: HA-1776-0119 | 03-5566-2885
Hyalella 14-d Survival and Growth Sediment Test Bureau Veritas Laboratories
Analysis ID:  14-4476-8468 Endpoint: Mean Dry Weight-mg CETIS Version: CETISv1.9.2
Analyzed: 14 Nov-19 11:43 Analysis: Parametric-Two Sample Official Results: Yes
Mean Dry Weight-mg Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
Control 0.129 0.153 0.166 0.134 0.1256
C6 East/ G7 0.024 0.06 0.03125 0.055 0.045
C5 East/ G6 0.022 0.055 0.06 0.03833
C4 West 0.06
C3 West 0.028 0.03143 0.04 0.025 0.0225
C3 Centre / G5 0.07333 0.083 0.05889 0.08167 0.08444
G4 0.04167 0.05 0.02333 0.05 0.0975
C1 West 0.08444 0.119 0.121 0.09 0.09667
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ECOTOXICOLOGY Hyalella azteca Survival and Growth Test -
. M a almn
S u rvlval A Bureau-\';ﬂlas Group Company
BBY2FCD-00275/4
Page_| of _2
Client # & Name: SLR Start Date and Time: 2019 Oct 17 @ 16:34
Job # B985653 End Date: 2019 Oct 31

Organism Lot #: AB191015

Analysts: M. Hamad, Y. Su, N. Shergill, S. Gupta, L. Nicholls, G. Matharu

Sample Rep Initial # Final # % Survival
Hyalella Hyalella Survived Mean % SD %
Control A 10 10 100 98 4
B 10 10 100
C 10 10 100
D 10 10 100
E 10 9 90
C6 East / G7 A 10 5 50 60 19
B 10 5 50
G 10 8 80
D 10 It 40
E 10 8 80
C5 East / G6 A 10 5 50 38 23
B 10 4 40
C 10 4 40
D 10 6 60
E 10 0 0
C4 West A 10 0 0 2 4
B 10 0 0
C 10 0 0
D 10 0 0
E 10 1 10
C3 West A 10 5 50 48 13
B 10 7 70
€ 10 4 40
D 10 4 40
E 10 4 40
C3 Centre / G5 A 10 9 90 86 15
B 10 10 100
C 10 9 90
D 10 6 60
E 10 9 90
G4 A 10 6 60 64 17
B 10 8 80
C 10 6 60
D 10 8 80
E 10 4 40
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ECOTOXICOLOGY Hyalella azteca Survival and Growth Test - { )
. M a _% am
Su rvlval A Bumﬂu.\'gllas Group Company
BBY2FCD-00275/4
Page - of &
Client # & Name: SLR Start Date and Time: 2019 Oct 17 @ 16:34
Job # B985653 End Date: 2019 Oct 31
Organism Lot #: AB191015
Analysts: M. Hamad, Y. Su, N. Shergill, S. Gupta, L. Nicholls, G. Matharu
Sample Rep Initial # Final # % Survival
Hyalella Hyalella Survived Mean % SD %
C1 West A 10 9 90 90 17
B 10 10 100
C 10 10 100
D 10 10 100
E 10 6 60

0roo By, Pl

204\ py\S
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Hyalella azteca Survival and Growth Test -

I\/Ia)()(a

I
Dl’v weights .lﬁurenu.\'}:llas Group Company
BBY2FCD-00129/5
Pagelof1l
Client # & Name: 1776 SLR CONSULTING LTD Start Date and Time: 2019 OCT 17 @ 16:34
Job/Sample #: B985653 End Date: 2019 Oct 31
Organism Lot #: AB191015 Drying Temperature (°C): 60
Weighing Dates: 2019 Nov 12 Drying Time (h): >24
Analysts: Y. Su
Boat Sample Rep # Hyalella Hyalella Wt.| Mean Wt./Hyalella | Mean Wt./Sample SD
# Hyalella Wt.{_g} (mg) (mg) (mg)
41 CONTROL A 10 0.00129 1.29 0.13 0.14 0.02
42 B 10 0.00153 1.53 0.15
43 C 10 0.00166 1.66 0.17
44 D 10 0.00134 1.34 0.13
45 E 9 0.00113 1.13 0.13
46 | C6 EAST/G7 A 5 0.00012 0.12 0.02 0.04 0.02
47 B 5 0.00030 0.30 0.06
48 C 8 0.00025 0.25 0.03
49 D 4 0.00022 0.22 0.06
50 E 8 0.00036 0.36 0.05
51 | C5EAST/G6 A 5 0.00011 0.11 0.02 0.04 0.02
52 B 4 0.00022 0.22 0.06
53 c* 1 0.00006 0.06 0.06
54 D 6 0.00023 0.23 0.04
55 E 0 - -
56 C4 WEST A 0 - - 0.06 #DIV/0!
57 B 0 - -
58 C 0 - -
59 D 0 - -
60 E 1 0.00006 0.06 0.06
61 C3 WEST A 5 0.00014 0.14 0.03 0.03 0.01
62 B 7 0.00022 0.22 0.03
63 C 4 0.00016 0.16 0.04
64 D 4 0.00010 0.10 0.03
65 E 4 0.00009 0.09 0.02
66 |C3 CENTRE/ G5 A 9 0.00066 0.66 0.07 0.08 0.01
67 B 10 0.00083 0.83 0.08
68 C 9 0.00053 0.53 0.06
69 D 6 0.00049 0.49 0.08
70 E 9 0.00076 0.76 0.08
71 G4 A 6 0.00025 0.25 0.04 0.05 0.03
72 B 8 0.00040 0.40 0.05
73 C 6 0.00014 0.14 0.02
74 D 8 0.00040 0.40 0.05
75 E 4 0.00039 0.39 0.10
46 QA/QC 5 0.00012 0.12 0.02
41 0-A 10 0.00128 1.28 0.13
Analyst: YS

The average dry weight for the replicate controls must be >0.1 mg, for the test to be valid.

Notes: * 3 missing organism discovered during dry weigh process. Mean dry weight adjsuted for missing organisms
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ECOTOXICOLOGY Hyalella azteca Surwwjnl and Growth Test - M a )( am
Dry We'ghts A Bury mu\ﬂ- Ttas Group Company
BBY2FCD-00129/5
Pagelof1l
Client # & Name; 1776 SLR CONSULTING LTD Start Date and Time: 2019 OCT 17 @ 16:34
Job/Sample #: B985653 End Date: 2019 Oct 31
Organism Lot #: AB191015 Drying Temperature (°C): 60
Weighing Dates: 2019 Nov 12 Drying Time (h): >24
Analysts: Y. Su
Boat Sample Rep # Hyalella Hyalella Wt.| Mean Wt./Hyalella | Mean Wt./Sample SD
# Hyalella Wt.(g,} (mg) (mg) (mg)
76 C1 WEST A 9 0.00076 0.76 0.08 0.10 0.02
77 B 10 0.00119 1.19 0.12
78 C 10 0.00121 1.21 0.12
79 D 10 0.00090 0.90 0.09
80 E 6 0.00058 0.58 0.10
76 0-A 0.00073 0.73 0.08
Analyst: YS

The average dry weight for the replicate controls must be >0.1 mg, for the test to be valid.

Prooted By . o

Notes:
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Ma>(>(am

A Bureau Veritas Group Company
P

ECOTOXICOLOGY BBY2FCD-00144/5
HYALELLA AZTECA SURVIVAL AND GROWTH TEST - TEST INFORMATION ~~ Page 1of1

Client # & Name: 1776 SLR CONSULTING LTD

Job #: B985653
Test Initiation Date & Time: 2019 OCT 17 @ “0 5\_\
Test Completion Date: 2019 0CT31 (@) 1§ =3¢

Room #: {03 N
Analyst(s): & ¥ T / ) Y- SM
oW\, e
_Eﬁu.arq / =

Control Water Batch: 7019 (0 I1Y
Control Sediment: yaqMM cowtrel sediment> 2o19 00T oY

/
o m\p\ NeORG
Organismlot: AR (ol$
Age at Start of Test: 6.8 ol oy s
Feeding Regime:  1.75mL YCT & 800 pL tetramin slurry (4g/L) per replicate 3x weekly
0.75 mL YCT & 340 pL tetramin slurry (4g/L) per replicate daily feeding

YCT Batch Number:  Z019)00d
Tetramin Preparation Date:  Jo1§ 0CT 1§

Balance ID: % o 09\,(.35

Drying Oven ID: @%ﬂa- o’;ﬁ%
waQ Instrument ID: BBY 20352 . BBY2—0366

Additional Comments: e




ECOTOXICOLOGY

HYALELLA AZTECA SURVIVAL AND GROWTH TEST — AERATION CHECKS

Client # & Name:

Appendix "A" to Report PW19008(g)/LS 19004 (f)
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BBY2FCD-00142/2

Page 1 of 1

**6  SLR CONSULTINGT

Start Date:

Z019 OcT I+

Initial when aeration is checked. If air is off record DO and note which replicate(s) in comments section.

Day-1 | Day0 1 2 3 4 5 6
Date 327{?6 o?é?"?z 8 37{:?:9 %’v.? 9 'Zobé%lo %ﬂm gg“rqa; g c?r!;?
Early AM NA ys vs ) (ol B3 ﬁ'é;" w»w $%;
Mid-day WA Y3 ¥s %”' écl Y s)
Late PM s ¢ ys r ('7‘17 1 V& w

Day 7 8 9 10 11 {12 13 14
pate ocrat| 2eac] oaab | ™Mb | 3%3s] ofrad | 5oe |29 |
Early AM | @AAS g ¥s | A 78, vs %) RIS
Mid-day ) Yazin s y> y3 Sﬁ 5 Y3 ) v
latePM  @FS ys| s | &4 Bz, ZRES
Comments:

QWEYs dog o &5
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HYALELLA AZTECA SURVIVAL AND GROWTH TEST - DATA SHEET
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Ma am

A Bureau Veritas Group Company
e

BBY2FCD-00143/6
Form: Control

Sample ID: CONTROL Start Date: October 17, 2019
Job #: B985653 End Date: October 31, 2019
Measurements Samples Taken
H Hardness Conductance Alkalinity Ammonia
i (mg/L CaC0,) (uS/cm) (mg/L CaCOs) (mg/L)
Initial Final Initial Final Initigl . Final Initial _ Final Initial Final
) 3 J&o v VA
@%"E. ) 3.5 | W2 151 eqi, Wy | &0 oo | B
Initial overlying WQ measurements: _ Final overlying WQ measurements:
NS 7,700 UGk B\
Analyst LAy e pate 2019 0¢4 7 Analyst Date
Thursday Sunday Tuesday Thursday Sunday Tuesday Thursday
Day Day0D2.0 Day3 Day 5 Day 7 Day 10 Day 12 Day 14
Temp. (2C) ‘ﬁ acal z& & 3d.b |28 27| 22-]
D.0. (mg/L) @%‘#t&ﬂé 3.5 S| 83 |29 &5 & g€
Subsampled for J R St TR R e c Rl el TR b i /
| ammonia (V) e e R
Analyst e 75 | ¥ S ey Vs NS
Analyst % % ‘ﬂ/r %L/\ w W v v % an“ /LV) jﬁ") W
% i
Replicate [,: BO C D E @Uﬁe o 2014 Q:‘l-&”
# Surviving ' ’ O \@ q W€ mo29i4 ocf1)
Mi VS
R M (4 M AD |t & gw 5 Qo1 0T 7
puwe and PH Lor SG-
Date Replicate | Comments and/or additional WQ measurements: ~ oA Analyst
—
/-“"
e
/—
..--""/
O e
o v
. 7
Tﬂ_./'
: //,
//
/
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.

ECOTOXICOLOGY BBY2FCD-00143/6
HYALELLA AZTECA SURVIVAL AND GROWTH TEST - DATA SHEET Form: Sample
Sample ID: C6 EAST/ G7 Start Daté.:l October 17, 2019
Job #/Sample #: B985653 End Date: October 31, 2019
”* Measurements Samples Taken
ﬁ H Hardness Conductance Alkalinity Ammonia
3 (mg/L CaCO,) (uS/cm) (mg/L CaCO,) (mg/L)
Initial Final Initial Final Initial Final Initial Final Initial 4 Final
i v o :
BH | gu V12 |2 g TtblT] 159 WO A0 |25 oY
WE n020@40u)
Initial overlying WQ measurements: Final overlying WQ measurements:
Analyst ) pate ZO\AO X (77 Analyst NS pate JOR O A\
Thursday Sunday Tuesday Thursday Sunday Tuesday Thursday
Day Day 0 Day 3 Day 5 Day 7 Day 10 Day 12 Day 14
[temp.eg) | 220 | 83.Y 230 338 |22% | 7 |22.2
r _ ; .
D.0. (mg/L) %CD 9.2 53 §y | % 5. 56 T b
Subsampled for LRl e i SR R T T R
ammonia (V) \( : e O e |Hpet e R e T /
Analyst O B 35 % SN o) Akl
Feeding—Day: 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Analyst w | B V|- K WiP |l w| s || |'B] Y ¥
{ s
Replicate A B C D E
# Surviving 5 5 8 ? %

— NS | ¥ | MBI Ly, | Mim

Date Replicate | Comments and/or additional WQ measurements: Ana_lyst
o903 B o rgdl oM was Formd T i sownp (2 Wi
,‘//
> i
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ECOTOXICOLOGY BBY2FCD-00143/6
HYALELLA AZTECA SURVIVAL AND GROWTH TEST - DATA SHEET Form: Sample
Sample ID: C5EAST/G6 Start Date: October 17, 2019
Job #/Sample #: B985653 End Date: October 31, 2019
Measurements | Samples Taken
H Hardness Conductance Alkalinity Ammonia
P (mg/L CaCO) (uS/cm) (mg/L Caco;) (mg/L)
Initial Final Initial Final Initial Final Initial Final Initial _Final
' . v 4
©S18.3 | Wi 200 | LRZ [ hob [V2O [wo | W Bk
Initial overlying WQ measurements: Final overlying WQ measurements:
Analyst OO pate ZO\A O \N) Analyst 1\\5 pate 70/AA Dd(ﬂ
D Thursday Sunday Tuesday Thursday Sunday Tuesday Thursday
Y Day 0 Day 3 Day 5 Day 7 Day 10 Day 12 Day 14

temp.pg | 2240|032 | 7| W29 | gpg |2, =

D.O. (mg/L) % S q’('( 89 8’? .%7 é ‘9' ? 8 S

Analyst eV S = IS ¥5 2 s

Feeding-Day: 0 1 2 | 3 4 | s 6 7 8 9 10 11 12 13
Analyst 2V AV AN dAVA RO IERN AN AARZ
Replicate A m; c“ D E

# Surviving S ‘6\' i 6 O

siviikas I 1# M Mdm | MuM Vs (M1

Date Replicate | Comments and/or additional WQ measurements: Analyst

/

]
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Ve itas Group Company

BBY2FCD-00143/6

Form: Sample

Sample ID: C4 WEST

Start Date:

October 17, 2019

Job #/Sample #: B985653 End Date: October 31, 2019
Measurements Samples Taken
H Hardness Conductance Alkalinity Ammonia
b (mg/L Caco;) (uS/cm) (mg/L CaCO;) (mg/L)
Initial Final Initial Final Initial Final Initial , Final Initial SFinal
Vv v
U 8D 16E | 296 [ L8 | oy MO [\gO |2 | e)\d
Initial overlying WQ measurements: Final overlying WQ measurements:
Analyst o0 pate ZO\ (‘OG‘\ (1 Analyst NS Date 2()\,0\0(_%7)\
Thursday Sunday Tuesday Thursday Sunday Tuesday Thursday
Day Day 0 Day 3 Day 5 Day 7 Day 10 Day 12 Day 14
Temp. (2C) 2271 1232 92.9 | I3.q |>»8 2.t | 22.5
po.mg/y | VS 8y &3 | 59 36 &5 8’5
Subsampled for \[ R Y S R R I R v
ammonia (V) i el s s D de B e
Analyst ™0 S(-] s % & C1 )’j
Feeding—Day: 0 1 2 3 4 iy 5 6 7 8 9 11 12 13
| Analyst w i ow "l‘](/ QC{ {? w 2 V24 } 47 S |at, W W %’
i, |
Replicate A B c Vv D E
# Surviving O - O O Q l
Analyst Cov. Lad's )S i }VS
Date Replicate | Comments and/or additional WQ measurements: Analyst
o1 DU 3 D Sample iy Fhid Gorry Livh hydrocebon odo - M M
FJea3)|  E, C| Stromg Aylrocorbon color  Severs| red coorms were fopad ys
ooty | B A | St loebin dor br
‘F/’— /
_,_,,-f"r il / ¥
B WASURNS
//
/
|
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ECOTOXICOLOGY BBY2FCD-00143/6
HYALELLA AZTECA SURVIVAL AND GROWTH TEST - DATA SHEET Form: Sample
Sample ID: €3 WEST Start Date: October 17, 2019
Job #/Sample #: B985653 End Date: October 31, 2019
Measurements Samples Taken j
H Hardness Conductance Alkalinity Ammonia
¢ (mg/L CaC0,) (1S/cm) (mg/L CaCO,) (mg/L)
Initial Final Initial Final Initial Final Initial __Final Initial LFinal
_ : _ v vV
&Y [ 82 | \30 |1l 518 (g2 W o |1B8A o
Initial overlying WQ measurements: Final overlying WQ measurements:
| Analyst [aas) pate 2001 OcA\ 7] ) Analyst ]\\5 pate JOAAD D\
Thursday Sunday Tuesday Thursday Sunday Tuesday Thursday
Dy Day 0 Day 3 Day 5 Day 7 Day 10 Day 12 Day 14
1. PAR 2 ,
Temp. (2C) 2L % 25 L oZodr 7 ZX ? A 2 & ZZ,S'
po.mg/) | Bl | &S &z g4 | 8Y &5 | gl
Subsampled for R TG e v O B ¥
' 5
Analyst "o 4’()\ ys ¥s c’ i Vs
| Feeding-Day: | 0 1 2 3 a | 6 7 8 9 10 | 11 | 12 | 13
Analyst W\ w Y SL’ Y w Y5 | ¥ gC{ wh W | w

=t

Replicate A B C

P
# Surviving 5 FI H L/ L1
Analyst é\b c‘i’\s 6\_5 yg

< UﬂJ
Date Replicate | Comments and/or additional WQ measurements: Analyst
20190c73)] b Epecl coorms was Fowad 12
WOW’.%‘WWW PRe Found. ST *}"”/

—"/-

o

NEA 2009007 9
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Ma am

A Bureau \cyil:ss Group Company
BBY2FCD-00143/6
Form: Sample

SampleID: €3 CENTRE / G5 Start Date: October 17, 2019
Job #/Sample #: B985653 End Date: October 31, 2019
Measurements Samples Taken
H Hardness Conductance Alkalinity Ammonia
P (mg/L CaC0,) (1S/cm) (mg/L Caco,) (mg/L)
Initial Final Initial Final Initial Final Initial , Final Initial | / Final
v
BM | €5 192 | DU | 52t [4935 (8 [400 |4 [ooBH

Initial overlying WQ measurements:

Final overlying WQ measurements:

Analyst YO DateZD\O\O(-;\ \F) Analyst \\5 Date 10‘(?\(13‘5\
Thursday Sunday Tuesday Thursday Sunday Tuesday Thursday
Day Day 0 Day 3 Day 5 Day 7 Day 10 Day 12 Day 14
Temp. (2C) 22. 225 2&&9 Z3,0 pa % Ao?. F 22. L
D.O. (mg/L) 8 e 2.y 8y &S ‘35 e A
Subsampled for E e R S S e WY
ammonia (V) A o b e v i e i e e it
Analyst oo |SY s % g,ti
Feeding—Day: 0 1 2 P 3 4 i 5 6 7 8 9 ‘10 11 12 13
Analyst %1 ¥ { S‘-’\ ~ V%) [%4 | ys 72 ‘Sﬁ w ‘ i
Al
Replicate A B C D w%bitiﬁif‘?ﬁd?,)
# Surviving q \ L q é ﬁ q
| Analyst yé MK M\ HHM A/J ; SCIT
Date Replicate Comments and/or additional WQ measurements: Analyst
P —
el PR\
e SZALr A
——
| /’
P
.~
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Ma)/)(am

A Bureau Veritas Group Company
v

ECOTOXICOLOGY BBY2FCD-00143/6
HYALELLA AZTECA SURVIVAL AND G ROWTH TEST - DATA SHEET Form: Sample
SampleID: G4 Start Date: October 17, 2019
Job #/Sample #: B985653 End Date: October 31, 2019
Measurements Samples Taken
oH Hardness : Conductance Alkalinity Ammonia
(mg/L CaCO;) (uS/cm) (mg/L CaC0;) (mg/L)
Initial Final Initial Final Initial Final Initial , Final Initial /Final
4
25 |82 |10 | 20553 | 1oA janw [ 7 |8k |ow
Initial overlying WQ measurements: Final overlying WQ measurements:
Analyst W Date‘lg\qo (’-\ \’l | Analyst ‘% Date 10\q 0&3\
Thursday Sunday Tuesday Thursday Sunday Tuesday Thursday
Day Day 0 Day 3 Day 5 Day 7 Day 10 Day 12 Day 14

Temp. (2C)

D.O. (mg/L) %*5 g\g”

Subsampled for \!
ammonia (V)

227 |03 IZFH 23.0 | 22% 2. F 22.1
5| &4 | 95 8.6 2.5
T ™ Y

- = e

Analyst NANe) 9"\

Feeding-Day: 0 1 2 y 3 v

5
Analyst }//_5 W % W % V} yj 5(-1 y/) W %

Replicate A C D E

¥
# Surviving ‘; 9 6 8 L‘
S

Analyst : C:\S 5\—S ";C(
Date Replicate Comments and/or additional WQ measurements: Analyst
23| | Moy Red worwd  Jowel Lo g Sangbl L
i} [
//
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Ma>6/

({adImn

A Bureaw Veritas Group Company

BBY2FCD-00143/6

Form: Sample

SampleID: C1 WEST Start Date: October 17, 2019
Job #/Sample #: B985653 End Date: October 31, 2019
Measurements Samples Taken
H Hardness Conductance Alkalinity Ammonia
P (mg/L Caco,) (S/cm) (mg/L Caco,) (mg/L)
Initial Final Initial Final Initial Final Initial Final Initial Final
v
BH 1 RZ | V6| Wo | 0 1249 [ 8U | wo o3 o\
Initial overlying WQ measurements: Final overlying WQ measurements:
Analyst oo Date ZO\QOG\ \-' Analyst &5 Date '2,0\0\ OcX
Thursday Sunday Tuesday Thursday Sunday Tuesday Thursday
Day Day 0 Day 3 Day 5 Day7 | Day10 Day 12 Day 14
temp.pg | 205 A | #2F Zho 32T | 227 | 225
vo.my | S €5 o8| 8586 | 85| €5
Subsampled for T 7 e v
ammonia (V) \{ A ' ; R
Analyst o 60\ QCI ’VS
' Feeding-Day: | 0 2 |, 3 4 5 6 7 9 | 10 | 11 | 12 | 13
Analyst BB VYUV P || Vs] wist [W] Bl »
! : y
Replicate A B C D E
# Surviving G’ \U | O l O é
i 54 | M | Y5 5 | Lu,
Date Replicate Comments and/or additional WQ measurements: Analyst
'.__.‘-“'
///
//
/ u \I i
AR
{'\ )
/ . O:‘D(r/\
/ v
B
/
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= BUREAU-VERITAS LABORATORIES
BBY2FCD-00133/3
SAM-5S Water Recipe for Hyalella Page 1 of 1

BATCH ID: 017 OCT 15
(Date Hardened)

SAM-5S Reconstituted Water Recipe for Hyalella azteca
as per Borgmann 1996 (For water hardness ~125 mg/L)

Chemical Weights CaCl,X2H,0 MgSO;, (g) NaBr (g) NaHCO; (g) KCl (g)
Brand Fl\Sh@i" FI‘Sﬁer @ ..\.n Ofua Ff‘ShOf' F!‘sh%
-y 84679 | 16367y (@RAIEa] (87752 | 195613
Calculated 8.82 1.81 0.06 5.04 0.22
Actual 8849 | h&I36 | 0w046l2 | 50430 | 0.2219
Balance ID:  BBYL~ 0200
Analyst i1 Sy Add to Type 3DI(L): 60
Water Use: 6o L DI Machine ID: @ﬁ)"’ a\’O\{:D
Date: 2017 0UT (5
Water Quality:
Temp (°C):_ 2310 pH: 60 Hardness (mg/L) [ 36
Cond (us/cm): 383 DO (mg/L): 53 Alkalinity (mg/L): N l pi
Analyst: uSy Date: 20I7 OuT 16
Comments:

NaHCO3 (Sodium Bicarbonate)

NaBr (Sodium Bromide)

CaCl2 x 2H20 (Calcium Chloride - dihydrous)

MgSO4 (Magnesium Sulfate {anhydro

KCI (Potassium Chloride)

SAM-5S Recipe = 1 mM CaCl2, 1 mM NaHCO3, 0.01 mM NaBr, 0.05 mM KCI, and 0.25 mM MgSO4

Borgmann, U. 1896. Systematic analysis of aqueous ion requirements of Hyalella azteca : A standard artificial

medium including the essential bromide ion. Archives of Environmental Contamination and Toxicology . 30: 356-
363.

@ we. Y5 2019 0Cr 15
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Toll Free: 800/331-5916
Tel: 970/484-5091 Fax:970/484-2514

# 13701135 ORGANISM HISTORY
DATE: 10/14/2019
SPECIES: Hyalella azteca ';
AGE: 3-5 day
LIFE STAGE: Juvenile !
HATCH DATE: Variable
BEGAN FEEDING: Immediately
FOOD: Flake slurry
Water Chemistry Record: Current Range
TEMPERATURE:! 25°C 23-26°C

SALINITY/CONDUCTIVITY:
TOTAL HARDNESS (as CaCOs):
TOTAL ALKALINITY (as CaCQs):

pH:

Comments:

178 mg/l 118-200 mg/l
85 mg/l 50-90 mg/l
8.03 7.56-8.20

Aquatic BioSystems, In¢c

/
Pﬁ'{ky Supervisor

Quality Research Organisms
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ECOTOXICOLOGY ORGANISMS - )6('

S ~ ACCLIMATION AND HOLDING CONDITIONS M sLaietixl
BBY2FCD-00070/5

_ Page__\ of |

Client#'s: < 5”‘/‘\\%] z.(—ﬂ%ate & Time of Arrival:  Zo|Y O ¢T IS @ [3 ;o0
Organism Lot #: AR 191015 Age upon Arrival: &/~ 4 Poays
Water (L) per Shipping Bag: | L Organism: Hymieﬂa azteca
Number of Shipping Bags: 3 #of Organisms Ordered: /370 135

Light Intensity (lux): 6 & of v S

Arrival Conditions

Cond
(uS/cm)/ Temp DO ( ;
Bag ID # Dead % Dead salinity °C) i} pH Feeding Analyst
(ppt)
/ 0 0 j42] JL0\S & Fob | Smit5f Ys
v, [ o 109 | 20+ &/ Z.L | G t5m| s
3 o o 408 20, / S FS | SmiiSmf| Y3
R
—
;Eﬁ(ﬁ’:’t LY \C‘\{‘
i DN
/ [
il
Daily Conditions During Holding/Acclimation
Mortalities Water Quality
Cond
S DO
Date # Dead % Dead {:al);il:t];f T;Z‘}p (mg/L) pH Feeding Analyst
‘ (oot) {409
20190¢T b 2 o Qi Z3:6 5\ oL S | Of+omi] VI
0190cT1b o o) tHog| 93§ 8. §l | IO +1oMd  ys
,-——""'-’———‘/
J-"-'-_"—‘f
/
— Z—
7 N o
f’#’f’ /Cj\ ‘v_\ B\:D‘t')
/
el
Total Mortalities
Equipment ID: BEYQ - 0368 A BBV&-"‘ 0HeF
Comments (e.g. feeding times and quantities; fish behaviour, acclimation conditions): Analyst
<> redened grgomisms, did WIR qualty, stokd Mo o o sixs of pyRs ofi'sfe, ¢7
= 019 0Tt : did wWiR Qchmges, nwiR Guaptes , Loeding- e
7 v

@ We) 9 2019 0ctio
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Bureau Veritas Laboratories (TOX Internal)
Client Project #: B985653
Sampler Initials: YS

RESULTS OF CHEMICAL ANALYSES OF WATER

BV Labs ID WS4947 W54948 W54949
Sampling Date 2019/10/17 2019/10/17 2019/10/17
COC Number 18213 18213 18213
1776 Control Da 1776 C6 East Da 1776 C5 East Da
HNIS 0 Hy Overly ' ROL 0 Hy Overly : ROk 0 Hy Overly : s
Misc. Inorganics
pH [ ot | 7.11 [ n/A ] 7.99 [ n/A ] 8.06 | N/A
Anions
Alkalinity (PP as CaC03) mg/L <1.0 1.0 <1.0 1.0 <1.0 1.0
Alkalinity (Total as CaC03) mg/L 47 1.0 100 1.0 120 1.0
Bicarbonate (HCO3) mg/L 57 1.0 130 1.0 140 1.0
Carbonate (CO3) mg/L <1.0 1.0 <1.0 1.0 <1.0 1.0
Hydroxide (OH) mg/L <1.0 1.0 <1.0 1.0 <1.0 1.0
Nutrients
Total Ammonia (N) | mg/L | 0.040 |0.015] 7.5 (1) [0.075] 11(1) lo.15
RDL = Reportable Detection Limit
N/A = Not Applicable
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
BV Labs ID WS4350 WS4951 WS54552 W54953
Sampling Date 2019/10/17 2019/10/17 2019/10/17 2019/10/17
COC Number 18213 18213 18213 18213
UNITS 1776 C4 West Day RDL 1776 C3 West Day 1776 C3 Center 1776 G4 Day 0 Hy RDL
0 Hy Overly 0 Hy Overly Day 0 Hy Overly Overly
Misc. Inorganics
pH [ pH ] 8.12 [n/A] 7.97 7.77 7.86 [ n/A
Anions
Alkalinity (PP as CaCO3) mg/L <1.0 1.0 <1.0 <1.0 <1.0 1.0
Alkalinity (Total as CaC03) mg/L 140 1.0 110 86 94 1.0
Bicarbonate (HCO3) mg/L 170 1.0 130 110 110 1.0
Carbonate (CO3) mg/L <1.0 1.0 <1.0 <1.0 <1.0 1.0
Hydroxide (OH) mg/L <1.0 1.0 <1.0 <1.0 <1.0 1.0
Nutrients
Total Ammonia (N) | mg/L | 20 (1) [0.30] 5.9 (1) | 2.3(1) ! 3.6 (1) [0.075
RDL = Reportable Detection Limit
N/A = Not Applicable
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

Page3 of 8
Bureau Veritas Laborataries Burnaby: 4606 Canada Way V5G 1KS Telephone(604) 734-7276 Fax(604) 731-2386
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BV Labs Job #: B989145 Bureau Veritas Laboratories (TOX Internal)
Report Date: 2019/10/25 Client Project #: B985653

Sampler Initials: YS

RESULTS OF CHEMICAL ANALYSES OF WATER

BV Labs ID i W54954
Sampling Date 2019/10/17
COC Number 18213
: 1776 C1 West Da

UNITS gt Y | RoL
Misc. Inorganics
pH | pH | 7.70 [ N/A
Anions
Alkalinity (PP as CaCO3) meg/L <1.0 1.0
Alkalinity (Total as CaCO3) mg/L 84 1.0
Bicarbonate (HCO3) mg/L 100 1.0
Carbonate (CO3) mg/L <1.0 1.0
Hydroxide (OH) mg/L <1.0 1.0
Nutrients
Total Ammonia (N) [ mg/L | 0.72 0.015
RDL = Reportable Detection Limit
N/A = Not Applicable

Page 4 of 8
Bureau Veritas Laboratories Burnaby: 4606 Canada Way V56 1K5 Telephone(604) 734-7276 Fax(604) 731-2386



)

Ex1s

T VE
fo )
=)
1836,

EBIURE AL
BV Labs Job #: B993764
leport Date: 2019/11/06

Appendix "A" to Report PW19008(g)/LS19004(f)

Page 309 of 406

Bureau Veritas Laboratories (TOX Internal)
Sampler Initials: YS

RESULTS OF CHEMICAL ANALYSES OF WATER

BV Labs ID. WV1542 WV1543 Wwv1544 WV1545
5 o 201 2019/10/31 2 0/31
samplingBate : 39! :11%9;31 1;: 19; 013;:11{;,;31 20119;:11;
COC Number 18574 18574 18574 18574
UNITS 177?:::::017 14 RDL 1776 H\\L ::: 14C4 1?(':1: II;I:St[}aGysld 1776 H\YN 2:;[ 14C3 RDL
Misc. Inorganics
pH | pH | 8.12 [ n/A | 8.26 7.97 | 8.23 [ nN/A
Anions
Alkalinity (PP as CaCO3) meg/L <1.0 1.0 <1.0 <1.0 <1.0 1.0
Alkalinity (Total as CaCO3) mg/L 150 1.0 180 110 180 1.0
Bicarbonate (HCO3) mg/L 180 1.0 220 130 220 1.0
Carbonate (CO3) mg/L <1.0 1.0 <1.0 <1.0 <1.0 1.0
Hydroxide (OH) mg/L <1.0 1.0 <1.0 <1.0 <1.0 1.0
Nutrients
Total Ammonia (N) | mg/L | 6.6 (1) [0.075] 0.10 0.16 0.16 0.015
RDL = Reportable Detection Limit
N/A = Not Applicable
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
BV LabsID WV1546 Wv1547 WV1548 WV1549
: 2019/10/31 2019/10/31 2019/10/31 2019/10/31
sempling Date 1;:19’1 1;:1; 1;:19! 1;:19!
COC Number 18574 18574 18574 18574
' units| 1776 Hy Day 14 1776 Hy Day 14 C1 1776 Hy Day 14 1776 HyDay1d |
C3 Centre G5 West G4 C6West/G7
Misc. Inorganics
pH [ pH | 8.34 7.92 7.88 8.33 [ n/A
Anions
Alkalinity (PP as CaCO3) mg/L 1.7 <1.0 <1.0 14 1.0
Alkalinity (Total as CaCO3) | mg/L 200 110 87 200 1.0
Bicarbonate (HCO3) mg/L 240 130 110 250 1.0
Carbonate (CO3) mg/L 2.1 <1.0 <1.0 1.6 1.0
Hydroxide (OH) mg/L <1.0 <1.0 <1.0 <1.0 1.0
Nutrients
Total Ammonia (N) I mg/L | 0.054 0.12 0.17 0.098 0.015
RDL = Reportable Detection Limit
N/A = Not Applicable
Page 3 of 7

Bureau Veritas Laboratories Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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Randomization Chart

—Tab:SedimentTests —

Ma

,

A Bureau \llafritds Group Campany

~ BBY2FCD-00438/2

Pg:1of 1
Test: HYALELLA Start Date: 2019 OCT 17
Client # & Name: 1776 SLR CONSULTING LTD
Back Wall Position Map
6 12 18
5 11 17
4 10 16
3 9 15
2 8 14
1 7 13 etc.
Front of Counter
Position # Sample ID Replicate Colour Position#  Sample ID Replicate Colour
2 A 24 A
17 B 22 B
36 & 7 C
- CONTROL 5 Red 23 G4 D Purple
4 E 37 E
47 Measure 33 Measure
1 A 42 A
39 B 14 B
16 C 19 C )
34 C6 EAST/G7 D Orange 40 C1 WEST D Pink
13 E 6 E
5 Measure 35 Measure
32 A 49 A
46 B 50 B
15 C 51 C )
27 C5 EAST/G6 D Yellow x5 B Light Blue
18 E 53 E
20 Measure 54 Measure
44 A 55 A
30 B 56 B
12 C 57 C ,
33 C4 WEST b Green 58 b Light Green
31 E 59 E
11 Measure 60 Measure
26 A 61 A
3 B 62 B
289 C3 WEST E Dark Green gz g Pink/Yellow
45 E 65 E
28 Measure 66 Measure
9 A 67 A
43 B 68 B
ii C3CENTRE/G5 g Blue 33 [C) Red/Green
10 E 71 E
48 Measure 72 Measure
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APPENDIX F
ProUCL Outputs

Ecological Risk Assessment
Chedoke Creek

Hamilton, Ontario

SLR Project No.: 209.40666.00000



City of Hamilton

Ecological Risk Assessment - Chedoke Creek
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SLR Project No.: 209.40666

January 2020

A B | c_ | D | E_ | [ <N H | I ] L
1 Nonparametric UCL Statistics for Data Sets with Non-Detects
2
3 User Selected Options
4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM
5 From File | SED 0-0.15mbg Chemistry_input_v5.xls
6 Full Precision | OFF
7 Confidence Coefficient | 95%
8 Number of Bootstrap Operations 2000
1 aluminum
12
13 General Statistics
14 Total Number of Observations 6 Number of Distinct Observations 6
15 Number of Missing Observations 17
16 Minimum| 9030 Mean| 10842
17 Maximum | 13200 Median 10600
18 SD| 1603 Std. Error of Mean| 654.4
19 Coefficient of Variation 0.148 Skewness 0.492
20 Mean of logged Data 9.282 SD of logged Data 0.146
21
22 Note: Sample size is small (e.g., <10), if data are collected using ISM approach
23 you may want to use Chebyshev UCL to estimate EPC (ITRC, 2012).
24 Chebyshev UCL can be computed using the Nonparametric and All UCL Options.
25
26 Nonparametric Distribution Free UCL Statistics
27 Data appear Normal Distributed at 5% Significance Level
28
29 Assuming Normal Distribution
30 95% Normal UCL 95% UCLs (Adjusted for Skewness)
31 95% Student's-t UCL | 12160 95% Adjusted-CLT UCL (Chen-1995) 12059
32 95% Modified-t UCL (Johnson-1978)| 12182
33
34 Nonparametric Distribution Free UCLs
35 95% CLT UCL| 11918 95% Jackknife UCL| 12160
36 95% Standard Bootstrap UCL| 11830 95% Bootstrap-t UCL| 12715
37 95% Hall's Bootstrap UCL | 13362 95% Percentile Bootstrap UCL| 11820
38 95% BCA Bootstrap UCL | 11987
39 90% Chebyshev(Mean, Sd) UCL | 12805 95% Chebyshev(Mean, Sd) UCL | 13694
40 97.5% Chebyshev(Mean, Sd) UCL| 14928 99% Chebyshev(Mean, Sd) UCL | 17353
41
42 Suggested UCL to Use
43 Data appear Normal, May want to try Normal Distribution
44
45 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
46 Recommendations are based upon data size, data distribution, and skewness.
47 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
48 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
49
50 antimony
51
52 General Statistics
53 Total Number of Observations, 22 Number of Distinct Observations 7
54 Number of Missing Observations 1
55 Number of Detects 7 Number of Non-Detects 15
56 Number of Distinct Detects 6 Number of Distinct Non-Detects 1
57 Minimum Detect 0.53 Minimum Non-Detect 0.8
58 Maximum Detect 1.54 Maximum Non-Detect 0.8
59 Variance Detects 0.124 Percent Non-Detects,  68.18%

SLR
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SLR Project No.: 209.40666

A1 B 1| c 1 b 1| E_| F_1 G | H | I ] J | K L

1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations 2000

60 Mean Detects 0.997 SD Detects 0.352
61 Median Detects 0.92 CV Detects 0.353
62 Skewness Detects 0.257 Kurtosis Detects| -0.651
63 Mean of Logged Detects| -0.0598 SD of Logged Detects 0.372
64

65 Nonparametric Distribution Free UCL Statistics

66 Detected Data appear Normal Distributed at 5% Significance Level

67

68 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs

69 Mean 0.723 Standard Error of Mean 0.0714
70 SD 0.268 95% KM (BCA) UCL 0.932
71 95% KM (t) UCL 0.846 95% KM (Percentile Bootstrap) UCL 0.892
72 95% KM (z) UCL 0.84 95% KM Bootstrap t UCL 0.87
73 90% KM Chebyshev UCL 0.937 95% KM Chebyshev UCL 1.034
74 97.5% KM Chebyshev UCL 1.169 99% KM Chebyshev UCL 1.434
75

76 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

77 KM SD (logged) 0.305 95% Critical H Value (KM-Log) 1.842
78 KM Mean (logged)| -0.377 KM Geo Mean 0.686
79 KM Standard Error of Mean (logged) 0.0929 95% H-UCL (KM -Log) 0.812
80

81 Suggested UCL to Use

82 Data appear Normal, May want to try Normal Distribution.

83 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

84 Recommendations are based upon data size, data distribution, and skewness.

85 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

86 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

87

88

89 arsenic

90

91 General Statistics

92 Total Number of Observations, 22 Number of Distinct Observations 19

93 Number of Missing Observations 1

94 Minimum 3 Mean 4.551
95 Maximum 12 Median 4

96 SD 1.82 Std. Error of Mean 0.388
97 Coefficient of Variation 0.4 Skewness 3.536
98 Mean of logged Data 1.468 SD of logged Data 0.283
99
100 Nonparametric Distribution Free UCL Statistics
101 Data do not follow a Discernible Distribution (0.05)
102
103 Assuming Normal Distribution
104 95% Normal UCL 95% UCLs (Adjusted for Skewness)
105 95% Student's-t UCL 5.219 95% Adjusted-CLT UCL (Chen-1995) 5.502
106 95% Modified-t UCL (Johnson-1978) 5.268
107

SLR

Page 2 of 42
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SLR Project No.: 209.40666

A | B | ¢ | o 1 € 1T F 1 & | H 1T 1 1T J 1T K | L

1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations 2000
108 Nonparametric Distribution Free UCLs
109 95% CLT UCL 5.189 95% Jackknife UCL 5.219
110 95% Standard Bootstrap UCL 5.171 95% Bootstrap-t UCL 6.013
11 95% Hall's Bootstrap UCL 7.679 95% Percentile Bootstrap UCL 5.244
112 95% BCA Bootstrap UCL 5.517
13 90% Chebyshev(Mean, Sd) UCL 5.715 95% Chebyshev(Mean, Sd) UCL 6.243
114 97.5% Chebyshev(Mean, Sd) UCL 6.975 99% Chebyshev(Mean, Sd) UCL 8.413
115
116 Suggested UCL to Use
117 95% Student's-t UCL 5.219 or 95% Modified-t UCL 5.268
118
119 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
120 Recommendations are based upon data size, data distribution, and skewness.
121 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
122 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
123
124
125 barium
126
127 General Statistics
128 Total Number of Observations, 22 Number of Distinct Observations 19
129 Number of Missing Observations 1
130 Minimum| 69 Mean, 103.8
131 Maximum| 210 Median 95.5
132 SD 32.69 Std. Error of Mean 6.969
133 Coefficient of Variation 0.315 Skewness 1.703
134 Mean of logged Data 4.603 SD of logged Data 0.279
135
136 Nonparametric Distribution Free UCL Statistics
137 Data appear Approximate Normal Distributed at 5% Significance Level
138
139 Assuming Normal Distribution
140 95% Normal UCL 95% UCLs (Adjusted for Skewness)
141 95% Student's-t UCL| 115.8 95% Adjusted-CLT UCL (Chen-1995) 118
142 95% Modified-t UCL (Johnson-1978)| 116.2
143
144 Nonparametric Distribution Free UCLs
145 95% CLT UCL 115.3 95% Jackknife UCL 115.8
146 95% Standard Bootstrap UCL| 115 95% Bootstrap-t UCL| 118.6
147 95% Hall's Bootstrap UCL| 125.6 95% Percentile Bootstrap UCL| 115
148 95% BCA Bootstrap UCL| 117.9
149 90% Chebyshev(Mean, Sd) UCL| 124.7 95% Chebyshev(Mean, Sd) UCL| 134.2
150 97.5% Chebyshev(Mean, Sd) UCL| 147.4 99% Chebyshev(Mean, Sd) UCL| 173.2
151
152 Suggested UCL to Use
153 Data appear Normal, May want to try Normal Distribution
154
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations 2000
155 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
156 Recommendations are based upon data size, data distribution, and skewness.
157 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
158 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
159
160
161 beryllium
162
163 General Statistics
164 Total Number of Observations 22 Number of Distinct Observations 19
165 Number of Missing Observations 1
166 Minimum 0.28 Mean 0.44
167 Maximum 0.67 Median 0.425
168 SD 0.1 Std. Error of Mean 0.0213
169 Coefficient of Variation 0.227 Skewness 0.645
170 Mean of logged Data| -0.844 SD of logged Data 0.222
171
172 Nonparametric Distribution Free UCL Statistics
173 Data appear Normal Distributed at 5% Significance Level
174
175 Assuming Normal Distribution
176 95% Normal UCL 95% UCLs (Adjusted for Skewness)
177 95% Student's-t UCL 0.477 95% Adjusted-CLT UCL (Chen-1995) 0.479
178 95% Modified-t UCL (Johnson-1978) 0.478
179
180 Nonparametric Distribution Free UCLs
181 95% CLT UCL 0.476 95% Jackknife UCL 0.477
182 95% Standard Bootstrap UCL 0.475 95% Bootstrap-t UCL 0.483
183 95% Hall's Bootstrap UCL 0.481 95% Percentile Bootstrap UCL 0.475
184 95% BCA Bootstrap UCL 0.477
185 90% Chebyshev(Mean, Sd) UCL 0.504 95% Chebyshev(Mean, Sd) UCL 0.533
186 97.5% Chebyshev(Mean, Sd) UCL 0.574 99% Chebyshev(Mean, Sd) UCL 0.653
187
188 Suggested UCL to Use
189 Data appear Normal, May want to try Normal Distribution
190
191 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
192 Recommendations are based upon data size, data distribution, and skewness.
193 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
194 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
195
196
197 boron
198
199 General Statistics
200 Total Number of Observations 15 Number of Distinct Observations 11
201 Number of Missing Observations 8
202 Minimum 11 Mean 17.35
203 Maximum|  23.5 Median 17
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations | 2000
204 SD 3.981 Std. Error of Mean 1.028
205 Coefficient of Variation 0.229 Skewness 0.358
206 Mean of logged Data 2.829 SD of logged Data 0.23
207
208 Nonparametric Distribution Free UCL Statistics
209 Data appear Normal Distributed at 5% Significance Level
210
211 Assuming Normal Distribution
212 95% Normal UCL 95% UCLs (Adjusted for Skewness)
213 95% Student's-t UCL|  19.16 95% Adjusted-CLT UCL (Chen-1995)  19.14
214 95% Modified-t UCL (Johnson-1978) 19.17
215
216 Nonparametric Distribution Free UCLs
217 95% CLTUCL  19.04 95% Jackknife UCL ~ 19.16
218 95% Standard Bootstrap UCL|  19.01 95% Bootstrap-t UCL|  19.34
219 95% Hall's Bootstrap UCL 19.02 95% Percentile Bootstrap UCL 18.96
220 95% BCA Bootstrap UCL| 19
221 90% Chebyshev(Mean, Sd) UCL|  20.43 95% Chebyshev(Mean, Sd) UCL|  21.83
299 97.5% Chebyshev(Mean, Sd) UCL| 23.77 99% Chebyshev(Mean, Sd) UCL|  27.57
223
204 Suggested UCL to Use
205 Data appear Normal, May want to try Normal Distribution
226
227 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
228 Recommendations are based upon data size, data distribution, and skewness.
229 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
230 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
231
232
233 cadmium
234
235 General Statistics
236 Total Number of Observations, 22 Number of Distinct Observations| 20
237 Number of Missing Observations 1
238 Minimum 0.27 Mean 1.354
239 Maximum 8.5 Median 0.616
240 SD 2.041 Std. Error of Mean 0.435
241 Coefficient of Variation 1.507 Skewness 2.883
242 Mean of logged Data| -0.217 SD of logged Data 0.867
243
244 Nonparametric Distribution Free UCL Statistics
245 Data do not follow a Discernible Distribution (0.05)
246
247 Assuming Normal Distribution
248 95% Normal UCL 95% UCLs (Adjusted for Skewness)
249 95% Student's-t UCL 2.103 95% Adjusted-CLT UCL (Chen-1995) 2.356
250 95% Modified-t UCL (Johnson-1978) 2.147
251
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations | 2000
252 Nonparametric Distribution Free UCLs
253 95% CLT UCL 2.07 95% Jackknife UCL 2.103
254 95% Standard Bootstrap UCL 2.049 95% Bootstrap-t UCL 3.762
255 95% Hall's Bootstrap UCL 3.928 95% Percentile Bootstrap UCL 2.113
256 95% BCA Bootstrap UCL 2427
257 90% Chebyshev(Mean, Sd) UCL 2.66 95% Chebyshev(Mean, Sd) UCL 3.251
258 97.5% Chebyshev(Mean, Sd) UCL 4.072 99% Chebyshev(Mean, Sd) UCL 5.684
259
260 Suggested UCL to Use
261 95% Chebyshev (Mean, Sd) UCL 3.251
262
263 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
264 Recommendations are based upon data size, data distribution, and skewness.
265 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
266 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
267
268
269 chromium (I11+V1)
270
271 General Statistics
272 Total Number of Observations, 22 Number of Distinct Observations 16
273 Number of Missing Observations 1
274 Minimum 16 Mean, 24.88
275 Maximum 41 Median 22
276 SD 6.79 Std. Error of Mean 1.448
277 Coefficient of Variation 0.273 Skewness 1.077
278 Mean of logged Data 3.182 SD of logged Data 0.252
279
280 Nonparametric Distribution Free UCL Statistics
281 Data do not follow a Discernible Distribution (0.05)
282
283 Assuming Normal Distribution
284 95% Normal UCL 95% UCLs (Adjusted for Skewness)
285 95% Student's-t UCL|  27.37 95% Adjusted-CLT UCL (Chen-1995)  27.61
286 95% Modified-t UCL (Johnson-1978)  27.42
287
288 Nonparametric Distribution Free UCLs
289 95% CLTUCL ~ 27.26 95% Jackknife UCL| ~ 27.37
290 95% Standard Bootstrap UCL| ~ 27.18 95% Bootstrap-t UCL|  27.89
291 95% Hall's Bootstrap UCL|  27.45 95% Percentile Bootstrap UCL|  27.23
292 95% BCA Bootstrap UCL|  27.52
293 90% Chebyshev(Mean, Sd) UCL|  29.22 95% Chebyshev(Mean, Sd) UCL 31.19
294 97.5% Chebyshev(Mean, Sd) UCL|  33.92 99% Chebyshev(Mean, Sd) UCL|  39.28
295
296 Suggested UCL to Use
297 95% Student's-t UCL|  27.37 or 95% Modified-t UCL|  27.42
298
299 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
300 Recommendations are based upon data size, data distribution, and skewness.
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations 2000
301 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
302 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
303
304
305 |coPPer
306
307 General Statistics
308 Total Number of Observations 22 Number of Distinct Observations 22
309 Number of Missing Observations 0
310 Minimum 30 Mean 76.29
311 Maximum/| 170 Median, 64.5
312 SD 36.81 Std. Error of Mean 7.847
313 Coefficient of Variation 0.482 Skewness 1.266
314 Mean of logged Data 4.237 SD of logged Data 0.443
315
316 Nonparametric Distribution Free UCL Statistics
317 Data appear Gamma Distributed at 5% Significance Level
318
319 Assuming Normal Distribution
320 95% Normal UCL 95% UCLs (Adjusted for Skewness)
321 95% Student's-t UCL|  89.79 95% Adjusted-CLT UCL (Chen-1995)| 91.46
322 95% Modified-t UCL (Johnson-1978)  90.15
323
324 Nonparametric Distribution Free UCLs
325 95% CLTUCL ~ 89.2 95% Jackknife UCL| ~ 89.79
326 95% Standard Bootstrap UCL| 88.8 95% Bootstrap-t UCL|  93.53
397 95% Hall's Bootstrap UCL|  91.71 95% Percentile Bootstrap UCL|  89.32
328 95% BCA Bootstrap UCL|  91.01
329 90% Chebyshev(Mean, Sd) UCL|  99.83 95% Chebyshev(Mean, Sd) UCL|  110.5
330 97.5% Chebyshev(Mean, Sd) UCL| 125.3 99% Chebyshev(Mean, Sd) UCL| 154.4
331
332 Suggested UCL to Use
333 Data appear Gamma, May want to try Gamma Distribution
334
335 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
336 Recommendations are based upon data size, data distribution, and skewness.
337 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
338 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
341 iron
342
343 General Statistics
344 Total Number of Observations 6 Number of Distinct Observations 6
345 Number of Missing Observations 17
346 Minimum| 18800 Mean| 22650
347 Maximum | 25600 Median 22800
348 SD| 2477 Std. Error of Mean| 1011
349 Coefficient of Variation 0.109 Skewness -0.496
350 Mean of logged Data 10.02 SD of logged Data 0.112
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations | 2000
351
352 Note: Sample size is small (e.g., <10), if data are collected using ISM approach
353 you may want to use Chebyshev UCL to estimate EPC (ITRC, 2012).
354 Chebyshev UCL can be computed using the Nonparametric and All UCL Options.
355
356 Nonparametric Distribution Free UCL Statistics
357 Data appear Normal Distributed at 5% Significance Level
358
359 Assuming Normal Distribution
360 95% Normal UCL 95% UCLs (Adjusted for Skewness)
361 95% Student's-t UCL | 24688 95% Adjusted-CLT UCL (Chen-1995) 24094
362 95% Modified-t UCL (Johnson-1978) | 24653
363
364 Nonparametric Distribution Free UCLs
365 95% CLT UCL| 24313 95% Jackknife UCL | 24688
366 95% Standard Bootstrap UCL| 24180 95% Bootstrap-t UCL | 24572
367 95% Hall's Bootstrap UCL | 24307 95% Percentile Bootstrap UCL | 24167
368 95% BCA Bootstrap UCL | 23967
369 90% Chebyshev(Mean, Sd) UCL | 25684 95% Chebyshev(Mean, Sd) UCL | 27058
370 97.5% Chebyshev(Mean, Sd) UCL| 28965 99% Chebyshev(Mean, Sd) UCL | 32711
371
372 Suggested UCL to Use
373 Data appear Normal, May want to try Normal Distribution
374
375 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
376 Recommendations are based upon data size, data distribution, and skewness.
377 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
378 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
379
380 Note: For highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may not be
381 reliable. Chen's and Johnson's methods provide adjustments for positvely skewed data sets.
382
383
384 lead
385
386 General Statistics
387 Total Number of Observations, 22 Number of Distinct Observations| 21
388 Number of Missing Observations 0
389 Minimum 13 Mean| 44.95
390 Maximum| 145 Median 40.8
391 SD| 28.85 Std. Error of Mean 6.15
392 Coefficient of Variation 0.642 Skewness 2.16
393 Mean of logged Data 3.649 SD of logged Data 0.562
394
395 Nonparametric Distribution Free UCL Statistics
396 Data appear Gamma Distributed at 5% Significance Level
397
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations 2000
398 Assuming Normal Distribution
399 95% Normal UCL 95% UCLs (Adjusted for Skewness)
400 95% Student's-t UCL|  55.54 95% Adjusted-CLT UCL (Chen-1995)  58.1
401 95% Modified-t UCL (Johnson-1978)|  56.01
402
203 Nonparametric Distribution Free UCLs
404 95% CLT UCL ~ 55.07 95% Jackknife UCL| ~ 55.54
405 95% Standard Bootstrap UCL|  54.62 95% Bootstrap-t UCL 61.18
406 95% Hall's Bootstrap UCL| 102.2 95% Percentile Bootstrap UCL|  55.5
407 95% BCA Bootstrap UCL| 57.9
408 90% Chebyshev(Mean, Sd) UCL|  63.4 95% Chebyshev(Mean, Sd) UCL|  71.76
409 97.5% Chebyshev(Mean, Sd) UCL| 83.36 99% Chebyshev(Mean, Sd) UCL| 106.1
410
411 Suggested UCL to Use
412 Data appear Gamma, May want to try Gamma Distribution
413
414 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
415 Recommendations are based upon data size, data distribution, and skewness.
416 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
417 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
418
419
400 |manganese
421
422 General Statistics
423 Total Number of Observations 6 Number of Distinct Observations 6
424 Number of Missing Observations 17
425 Minimum/| 390 Mean 551.8
426 Maximum| 623 Median, 577
427 SD 83.12 Std. Error of Mean 33.93
428 Coefficient of Variation 0.151 Skewness  -1.96
429 Mean of logged Data 6.302 SD of logged Data 0.17
430
431 Note: Sample size is small (e.g., <10), if data are collected using ISM approach
432 you may want to use Chebyshev UCL to estimate EPC (ITRC, 2012).
433 Chebyshev UCL can be computed using the Nonparametric and All UCL Options.
434
435 Nonparametric Distribution Free UCL Statistics
436 Data do not follow a Discernible Distribution (0.05)
437
438 Assuming Normal Distribution
439 95% Normal UCL 95% UCLs (Adjusted for Skewness)
440 95% Student's-t UCL| 620.2 95% Adjusted-CLT UCL (Chen-1995) 578.6
441 95% Modified-t UCL (Johnson-1978)  615.7
442
443 Nonparametric Distribution Free UCLs
444 95% CLT UCL 607.6 95% Jackknife UCL ~ 620.2
445 95% Standard Bootstrap UCL| 603.4 95% Bootstrap-t UCL| 603.2
446 95% Hall's Bootstrap UCL| 584.9 95% Percentile Bootstrap UCL| 595.3
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations 2000
447 95% BCA Bootstrap UCL| 589
448 90% Chebyshev(Mean, Sd) UCL| 653.6 95% Chebyshev(Mean, Sd) UCL| 699.7
449 97.5% Chebyshev(Mean, Sd) UCL| 763.7 99% Chebyshev(Mean, Sd) UCL| 889.5
450
451 Suggested UCL to Use
452 95% Student's-t UCL| 620.2 or 95% Modified-t UCL| 615.7
453
454 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
455 Recommendations are based upon data size, data distribution, and skewness.
456 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
457 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
458
459 Note: For highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may not be
460 reliable. Chen's and Johnson's methods provide adjustments for positvely skewed data sets.
461
462
463 |mercury
464
465 General Statistics
466 Total Number of Observations 6 Number of Distinct Observations 5
467 Number of Missing Observations 17
468 Minimum 0.057 Mean 0.136
469 Maximum 0.255 Median 0.104
470 SD 0.0741 Std. Error of Mean 0.0303
471 Coefficient of Variation 0.544 Skewness 0.953
472 Mean of logged Data| -2.114 SD of logged Data 0.537
473
474 Note: Sample size is small (e.g., <10), if data are collected using ISM approach
475 you may want to use Chebyshev UCL to estimate EPC (ITRC, 2012).
476 Chebyshev UCL can be computed using the Nonparametric and All UCL Options.
477
478 Nonparametric Distribution Free UCL Statistics
479 Data appear Approximate Normal Distributed at 5% Significance Level
480
481 Assuming Normal Distribution
482 95% Normal UCL 95% UCLs (Adjusted for Skewness)
483 95% Student's-t UCL 0.197 95% Adjusted-CLT UCL (Chen-1995) 0.199
484 95% Modified-t UCL (Johnson-1978) 0.199
485
486 Nonparametric Distribution Free UCLs
487 95% CLT UCL 0.186 95% Jackknife UCL 0.197
488 95% Standard Bootstrap UCL 0.181 95% Bootstrap-t UCL 0.295
489 95% Hall's Bootstrap UCL 0.694 95% Percentile Bootstrap UCL 0.185
490 95% BCA Bootstrap UCL 0.187
491 90% Chebyshev(Mean, Sd) UCL 0.227 95% Chebyshev(Mean, Sd) UCL 0.268
492 97.5% Chebyshev(Mean, Sd) UCL 0.325 99% Chebyshev(Mean, Sd) UCL 0.437
493
494 Suggested UCL to Use
495 Data appear Normal, May want to try Normal Distribution
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects
2
3 User Selected Options
4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM
5 From File | SED 0-0.15mbg Chemistry_input_v5.xls
6 Full Precision | OFF
7 Confidence Coefficient | 95%
8 Number of Bootstrap Operations | 2000
496
497 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
498 Recommendations are based upon data size, data distribution, and skewness.
499 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
500 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
501
502
503 molybdenum
504
505 General Statistics
506 Total Number of Observations, 22 Number of Distinct Observations 15
507 Number of Missing Observations 1
508 Minimum 0.6 Mean 1.216
509 Maximum 24 Median 1.075
510 SD 0.506 Std. Error of Mean 0.108
511 Coefficient of Variation 0.416 Skewness 1.258
512 Mean of logged Data 0.124 SD of logged Data 0.375
513
514 Nonparametric Distribution Free UCL Statistics
515 Data appear Lognormal Distributed at 5% Significance Level
516
517 Assuming Normal Distribution
518 95% Normal UCL 95% UCLs (Adjusted for Skewness)
519 95% Student's-t UCL 1.402 95% Adjusted-CLT UCL (Chen-1995) 1.424
520 95% Modified-t UCL (Johnson-1978) 1.406
521
599 Nonparametric Distribution Free UCLs
523 95% CLT UCL 1.393 95% Jackknife UCL 1.402
504 95% Standard Bootstrap UCL 1.39 95% Bootstrap-t UCL 1.443
505 95% Hall's Bootstrap UCL 1.422 95% Percentile Bootstrap UCL 14
526 95% BCA Bootstrap UCL 1.407
507 90% Chebyshev(Mean, Sd) UCL 1.539 95% Chebyshev(Mean, Sd) UCL 1.686
508 97.5% Chebyshev(Mean, Sd) UCL 1.889 99% Chebyshev(Mean, Sd) UCL 2.289
529
530 Suggested UCL to Use
531 Data appear Lognormal, May want to try Lognormal Distribution
532
533 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
534 Recommendations are based upon data size, data distribution, and skewness.
535 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
536 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
537
538
539 nickel
540
541 General Statistics
542 Total Number of Observations, 22 Number of Distinct Observations 15
543 Number of Missing Observations 0
544 Minimum 16 Mean, 22.46

SLR

Page 11 of 42

January 2020



City of Hamilton
Ecological Risk Assessment - Chedoke Creek

Appendix "A" to Report PW19008(g)/LS19004(f)

Page 323 of 406

SLR Project No.: 209.40666
January 2020

A | B | ¢ | o 1 € 1T F 1 & | H 1T 1 1T J 1T K | L

1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations 2000
545 Maximum| 36 Median| 215
546 SD 4.931 Std. Error of Mean 1.051
547 Coefficient of Variation 0.22 Skewness 1.276
548 Mean of logged Data 3.091 SD of logged Data 0.204
549
550 Nonparametric Distribution Free UCL Statistics
551 Data appear Gamma Distributed at 5% Significance Level
552
553 Assuming Normal Distribution
554 95% Normal UCL 95% UCLs (Adjusted for Skewness)
555 95% Student's-t UCL|  24.27 95% Adjusted-CLT UCL (Chen-1995)  24.49
556 95% Modified-t UCL (Johnson-1978)  24.32
557
558 Nonparametric Distribution Free UCLs
559 95% CLTUCL ~ 24.19 95% Jackknife UCL| ~ 24.27
560 95% Standard Bootstrap UCL| 24.15 95% Bootstrap-t UCL|  24.67
561 95% Hall's Bootstrap UCL|  24.84 95% Percentile Bootstrap UCL|  24.23
562 95% BCA Bootstrap UCL|  24.34
563 90% Chebyshev(Mean, Sd) UCL|  25.61 95% Chebyshev(Mean, Sd) UCL|  27.04
564 97.5% Chebyshev(Mean, Sd) UCL|  29.02 99% Chebyshev(Mean, Sd) UCL 32.92
565
566 Suggested UCL to Use
567 Data appear Gamma, May want to try Gamma Distribution
568
569 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
570 Recommendations are based upon data size, data distribution, and skewness.
571 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
572 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
573
574 Note: For highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may not be
575 reliable. Chen's and Johnson's methods provide adjustments for positvely skewed data sets.
576
577 selenium
578
579 General Statistics
580 Total Number of Observations 22 Number of Distinct Observations 5
581 Number of Missing Observations 1
582 Number of Detects 5 Number of Non-Detects 17
583 Number of Distinct Detects 4 Number of Distinct Non-Detects 2
584 Minimum Detect 0.7 Minimum Non-Detect 0.5
585 Maximum Detect 1 Maximum Non-Detect 0.7
586 Variance Detects 0.0205 Percent Non-Detects 77.27%
587 Mean Detects 0.848 SD Detects 0.143
588 Median Detects 0.8 CV Detects 0.169
589 Skewness Detects 0.342 Kurtosis Detects| -2.987
590 Mean of Logged Detects| -0.176 SD of Logged Detects 0.168
591
592 Nonparametric Distribution Free UCL Statistics
593 Detected Data appear Normal Distributed at 5% Significance Level
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations | 2000
594
595 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
596 Mean 0.579 Standard Error of Mean|  0.0377
597 SD 0.158 95% KM (BCA) UCL| N/A
598 95% KM (t) UCL 0.644 95% KM (Percentile Bootstrap) UCL|  N/A
599 95% KM (z) UCL 0.641 95% KM Bootstrap t UCL| N/A
600 90% KM Chebyshev UCL 0.692 95% KM Chebyshev UCL 0.743
601 97.5% KM Chebyshev UCL 0.814 99% KM Chebyshev UCL 0.954
602
603 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution
604 KM SD (logged) 0.228 95% Critical H Value (KM-Log) 1.792
605 KM Mean (logged)| -0.576 KM Geo Mean 0.562
606 KM Standard Error of Mean (logged) ~ 0.0544 95% H-UCL (KM -Log) 0.631
607
608 Suggested UCL to Use
609 Data appear Normal, May want to try Normal Distribution.
610 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
611 Recommendations are based upon data size, data distribution, and skewness.
612 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
613 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
614
615
616 silver
617
618 General Statistics
619 Total Number of Observations 22 Number of Distinct Observations 22
620 Number of Missing Observations 1
621 Minimum 0.083 Mean 0.721
622 Maximum 33 Median 0.379
623 SD 0.881 Std. Error of Mean 0.188
624 Coefficient of Variation 1.223 Skewness 2171
625 Mean of logged Data| -0.856 SD of logged Data 1.017
626
627 Nonparametric Distribution Free UCL Statistics
628 Data appear Lognormal Distributed at 5% Significance Level
629
630 Assuming Normal Distribution
631 95% Normal UCL 95% UCLs (Adjusted for Skewness)
632 95% Student's-t UCL 1.044 95% Adjusted-CLT UCL (Chen-1995) 1.123
633 95% Modified-t UCL (Johnson-1978) 1.058
634
635 Nonparametric Distribution Free UCLs
636 95% CLT UCL 1.03 95% Jackknife UCL 1.044
637 95% Standard Bootstrap UCL 1.024 95% Bootstrap-t UCL 1.368
638 95% Hall's Bootstrap UCL 1.516 95% Percentile Bootstrap UCL 1.033
639 95% BCA Bootstrap UCL 1.126
640 90% Chebyshev(Mean, Sd) UCL 1.284 95% Chebyshev(Mean, Sd) UCL 1.54
641 97.5% Chebyshev(Mean, Sd) UCL 1.894 99% Chebyshev(Mean, Sd) UCL 2.59
642
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects
2
3 User Selected Options
4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM
5 From File | SED 0-0.15mbg Chemistry_input_v5.xls
6 Full Precision | OFF
7 Confidence Coefficient | 95%
8 Number of Bootstrap Operations | 2000
643 Suggested UCL to Use
644 Data appear Lognormal, May want to try Lognormal Distribution
645
646 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
647 Recommendations are based upon data size, data distribution, and skewness.
648 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
649 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
650
651
652 sodium
653
654 General Statistics
655 Total Number of Observations 6 Number of Distinct Observations 6
656 Number of Missing Observations 17
657 Minimum| 209 Mean 300
658 Maximum| 447 Median| 283
659 SD 94.39 Std. Error of Mean|  38.54
660 Coefficient of Variation 0.315 Skewness 0.678
661 Mean of logged Data 5.664 SD of logged Data 0.308
662
663 Note: Sample size is small (e.g., <10), if data are collected using ISM approach
664 you may want to use Chebyshev UCL to estimate EPC (ITRC, 2012).
665 Chebyshev UCL can be computed using the Nonparametric and All UCL Options.
666
667 Nonparametric Distribution Free UCL Statistics
668 Data appear Normal Distributed at 5% Significance Level
669
670 Assuming Normal Distribution
671 95% Normal UCL 95% UCLs (Adjusted for Skewness)
672 95% Student's-t UCL| 377.7 95% Adjusted-CLT UCL (Chen-1995) 374.8
673 95% Modified-t UCL (Johnson-1978)  379.4
674
675 Nonparametric Distribution Free UCLs
676 95% CLT UCL 363.4 95% Jackknife UCL |~ 377.7
677 95% Standard Bootstrap UCL| 357.3 95% Bootstrap-t UCL| 390.2
678 95% Hall's Bootstrap UCL| 364.5 95% Percentile Bootstrap UCL| 358.7
679 95% BCA Bootstrap UCL| 360.7
680 90% Chebyshev(Mean, Sd) UCL| 415.6 95% Chebyshev(Mean, Sd) UCL| 468
681 97.5% Chebyshev(Mean, Sd) UCL| 540.7 99% Chebyshev(Mean, Sd) UCL | 683.4
682
683 Suggested UCL to Use
684 Data appear Normal, May want to try Normal Distribution
685
686 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
687 Recommendations are based upon data size, data distribution, and skewness.
688 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
689 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
690
691
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations | 2000
692 thallium
693
694 General Statistics
695 Total Number of Observations 22 Number of Distinct Observations 15
696 Number of Missing Observations 1
697 Minimum 0.08 Mean 0.158
698 Maximum 0.263 Median 0.135
699 SD 0.0533 Std. Error of Mean 0.0114
700 Coefficient of Variation 0.338 Skewness 0.554
701 Mean of logged Data| -1.902 SD of logged Data 0.337
702
703 Nonparametric Distribution Free UCL Statistics
704 Data appear Approximate Normal Distributed at 5% Significance Level
705
706 Assuming Normal Distribution
707 95% Normal UCL 95% UCLs (Adjusted for Skewness)
708 95% Student's-t UCL 0.177 95% Adjusted-CLT UCL (Chen-1995) 0.178
709 95% Modified-t UCL (Johnson-1978) 0.177
710
711 Nonparametric Distribution Free UCLs
712 95% CLT UCL 0.176 95% Jackknife UCL 0.177
713 95% Standard Bootstrap UCL 0.176 95% Bootstrap-t UCL 0.179
714 95% Hall's Bootstrap UCL 0.178 95% Percentile Bootstrap UCL 0.176
715 95% BCA Bootstrap UCL 0.177
716 90% Chebyshev(Mean, Sd) UCL 0.192 95% Chebyshev(Mean, Sd) UCL 0.207
717 97.5% Chebyshev(Mean, Sd) UCL 0.229 99% Chebyshev(Mean, Sd) UCL 0.271
718
719 Suggested UCL to Use
720 Data appear Normal, May want to try Normal Distribution
721
792 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
723 Recommendations are based upon data size, data distribution, and skewness.
724 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
725 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
726
727
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations | 2000
708 tin
729
730 General Statistics
731 Total Number of Observations 6 Number of Distinct Observations 6
732 Number of Missing Observations 17
733 Minimum 1.36 Mean 3.605
734 Maximum 6.31 Median 3.64
735 SD 1.963 Std. Error of Mean 0.802
736 Coefficient of Variation 0.545 Skewness 0.154
737 Mean of logged Data 1.134 SD of logged Data 0.624
738
739 Note: Sample size is small (e.g., <10), if data are collected using ISM approach
740 you may want to use Chebyshev UCL to estimate EPC (ITRC, 2012).
741 Chebyshev UCL can be computed using the Nonparametric and All UCL Options.
742
743 Nonparametric Distribution Free UCL Statistics
744 Data appear Normal Distributed at 5% Significance Level
745
746 Assuming Normal Distribution
747 95% Normal UCL 95% UCLs (Adjusted for Skewness)
748 95% Student's-t UCL 5.22 95% Adjusted-CLT UCL (Chen-1995) 4.977
749 95% Modified-t UCL (Johnson-1978) 5.229
750
751 Nonparametric Distribution Free UCLs
752 95% CLT UCL 4.923 95% Jackknife UCL 5.22
753 95% Standard Bootstrap UCL 4.825 95% Bootstrap-t UCL 5.342
754 95% Hall's Bootstrap UCL 4.792 95% Percentile Bootstrap UCL 4.778
755 95% BCA Bootstrap UCL 4.822
756 90% Chebyshev(Mean, Sd) UCL 6.01 95% Chebyshev(Mean, Sd) UCL 7.099
757 97.5% Chebyshev(Mean, Sd) UCL 8.61 99% Chebyshev(Mean, Sd) UCL 11.58
758
759 Suggested UCL to Use
760 Data appear Normal, May want to try Normal Distribution
761
762 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
763 Recommendations are based upon data size, data distribution, and skewness.
764 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
765 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
766
767
768 titanium
769
770 General Statistics
771 Total Number of Observations 6 Number of Distinct Observations 6
772 Number of Missing Observations 17
773 Minimum| 101 Mean 126.8
774 Maximum| 150 Median, 125
775 SD 16.7 Std. Error of Mean 6.819
776 Coefficient of Variation 0.132 Skewness -0.208

SLR

Page 16 of 42

January 2020



City of Hamilton

Appendix "A" to Report PW19008(g)/LS19004(f)
Page 328 of 406

SLR Project No.: 209.40666

Ecological Risk Assessment - Chedoke Creek

A | B | ¢ | o 1 € 1T F 1 & | H 1T 1 1T J 1T K | L

1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations | 2000
777 Mean of logged Data 4.835 SD of logged Data 0.135
778
779 Note: Sample size is small (e.g., <10), if data are collected using ISM approach
780 you may want to use Chebyshev UCL to estimate EPC (ITRC, 2012).
781 Chebyshev UCL can be computed using the Nonparametric and All UCL Options.
782
783 Nonparametric Distribution Free UCL Statistics
784 Data appear Normal Distributed at 5% Significance Level
785
786 Assuming Normal Distribution
787 95% Normal UCL 95% UCLs (Adjusted for Skewness)
788 95% Student's-t UCL| 140.6 95% Adjusted-CLT UCL (Chen-1995) 137.4
789 95% Modified-t UCL (Johnson-1978)  140.5
790
791 Nonparametric Distribution Free UCLs
792 95% CLT UCL| 138 95% Jackknife UCL ~ 140.6
793 95% Standard Bootstrap UCL| 136.9 95% Bootstrap-t UCL| 141
794 95% Hall's Bootstrap UCL| 144.5 95% Percentile Bootstrap UCL| 136.2
795 95% BCA Bootstrap UCL| 137.3
796 90% Chebyshev(Mean, Sd) UCL| 147.3 95% Chebyshev(Mean, Sd) UCL| 156.6
797 97.5% Chebyshev(Mean, Sd) UCL| 169.4 99% Chebyshev(Mean, Sd) UCL| 194.7
798
799 Suggested UCL to Use
800 Data appear Normal, May want to try Normal Distribution
801
802 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
803 Recommendations are based upon data size, data distribution, and skewness.
804 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
805 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
806
807 Note: For highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may not be
808 reliable. Chen's and Johnson's methods provide adjustments for positvely skewed data sets.
809
810
811 uranium
812
813 General Statistics
814 Total Number of Observations 22 Number of Distinct Observations 19
815 Number of Missing Observations 1
816 Minimum 0.46 Mean 0.645
817 Maximum 0.886 Median 0.645
818 SD 0.118 Std. Error of Mean 0.0252
819 Coefficient of Variation 0.183 Skewness 0.525
820 Mean of logged Data| -0.455 SD of logged Data 0.181
821
822 Nonparametric Distribution Free UCL Statistics
823 Data appear Normal Distributed at 5% Significance Level
824
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations | 2000
825 Assuming Normal Distribution
826 95% Normal UCL 95% UCLs (Adjusted for Skewness)
827 95% Student's-t UCL 0.688 95% Adjusted-CLT UCL (Chen-1995) 0.689
808 95% Modified-t UCL (Johnson-1978) 0.688
829
830 Nonparametric Distribution Free UCLs
831 95% CLT UCL 0.686 95% Jackknife UCL 0.688
832 95% Standard Bootstrap UCL 0.685 95% Bootstrap-t UCL 0.693
833 95% Hall's Bootstrap UCL 0.691 95% Percentile Bootstrap UCL 0.686
834 95% BCA Bootstrap UCL 0.687
835 90% Chebyshev(Mean, Sd) UCL 0.72 95% Chebyshev(Mean, Sd) UCL 0.754
836 97.5% Chebyshev(Mean, Sd) UCL 0.802 99% Chebyshev(Mean, Sd) UCL 0.895
837
838 Suggested UCL to Use
839 Data appear Normal, May want to try Normal Distribution
840
841 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
842 Recommendations are based upon data size, data distribution, and skewness.
843 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
844 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
847 vanadium
848
849 General Statistics
850 Total Number of Observations 15 Number of Distinct Observations 11
851 Number of Missing Observations 8
852 Minimum 13 Mean 19.33
853 Maximum|  28.7 Median 18
854 SD 4.313 Std. Error of Mean 1.114
855 Coefficient of Variation 0.223 Skewness 0.489
856 Mean of logged Data 2.939 SD of logged Data 0.223
857
858 Nonparametric Distribution Free UCL Statistics
859 Data appear Normal Distributed at 5% Significance Level
860
861 Assuming Normal Distribution
862 95% Normal UCL 95% UCLs (Adjusted for Skewness)
863 95% Student's-t UCL|  21.29 95% Adjusted-CLT UCL (Chen-1995)  21.32
864 95% Modified-t UCL (Johnson-1978)  21.32
865
866 Nonparametric Distribution Free UCLs
867 95% CLTUCL  21.17 95% Jackknife UCL| ~ 21.29
868 95% Standard Bootstrap UCL|  21.11 95% Bootstrap-t UCL|  21.38
869 95% Hall's Bootstrap UCL|  21.65 95% Percentile Bootstrap UCL|  21.15
870 95% BCA Bootstrap UCL|  21.05
871 90% Chebyshev(Mean, Sd) UCL|  22.67 95% Chebyshev(Mean, Sd) UCL|  24.19
872 97.5% Chebyshev(Mean, Sd) UCL|  26.29 99% Chebyshev(Mean, Sd) UCL 30.41
873
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations | 2000
874 Suggested UCL to Use
875 Data appear Normal, May want to try Normal Distribution
876
877 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
878 Recommendations are based upon data size, data distribution, and skewness.
879 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
880 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
881
882
883 zinc
884
885 General Statistics
886 Total Number of Observations, 22 Number of Distinct Observations 19
887 Number of Missing Observations 0
888 Minimum| 167 Mean| 309.9
889 Maximum| 532 Median| 286.5
890 SD 108.8 Std. Error of Mean|  23.19
891 Coefficient of Variation 0.351 Skewness 0.688
892 Mean of logged Data 5.68 SD of logged Data 0.341
893
894 Nonparametric Distribution Free UCL Statistics
895 Data appear Normal Distributed at 5% Significance Level
896
897 Assuming Normal Distribution
898 95% Normal UCL 95% UCLs (Adjusted for Skewness)
899 95% Student's-t UCL| 349.8 95% Adjusted-CLT UCL (Chen-1995) 351.7
900 95% Modified-t UCL (Johnson-1978)  350.4
901
902 Nonparametric Distribution Free UCLs
903 95% CLT UCL| 348 95% Jackknife UCL | 349.8
904 95% Standard Bootstrap UCL| 347.3 95% Bootstrap-t UCL| 356.4
905 95% Hall's Bootstrap UCL| 351.1 95% Percentile Bootstrap UCL| 348
906 95% BCA Bootstrap UCL| 349.3
907 90% Chebyshev(Mean, Sd) UCL| 379.5 95% Chebyshev(Mean, Sd) UCL| 411
908 97.5% Chebyshev(Mean, Sd) UCL| 454.7 99% Chebyshev(Mean, Sd) UCL | 540.6
909
910 Suggested UCL to Use
911 Data appear Normal, May want to try Normal Distribution
912
913 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
914 Recommendations are based upon data size, data distribution, and skewness.
915 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
916 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
917
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1 Nonparametric UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |ProUCL 5.112/31/2019 3:58:18 PM

5 From File | SED 0-0.15mbg Chemistry_input_v5.xls

6 Full Precision | OFF

7 Confidence Coefficient | 95%

8 Number of Bootstrap Operations 2000
918 acenaphthylene
919
920 General Statistics
921 Total Number of Observations 22 Number of Distinct Observations 9
922 Number of Missing Observations 1
923 Number of Detects 8 Number of Non-Detects 14
924 Number of Distinct Detects 8 Number of Distinct Non-Detects 1
925 Minimum Detect 0.011 Minimum Non-Detect 0.1
926 Maximum Detect 0.18 Maximum Non-Detect 0.1
927 Variance Detects| 0.00396 Percent Non-Detects 63.64%
928 Mean Detects|  0.0479 SD Detects|  0.0629
929 Median Detects 0.018 CV Detects 1.314
930 Skewness Detects 1.787 Kurtosis Detects 2.258
931 Mean of Logged Detects| -3.639 SD of Logged Detects 1.068
932
933 Nonparametric Distribution Free UCL Statistics
934 Data do not follow a Discernible Distribution at 5% Significance Level
935
936 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
937 Mean 0.0273 Standard Error of Mean|  0.00895
938 SD  0.0389 95% KM (BCA) UCL|  0.0423
939 95% KM (t) UCL|  0.0427 95% KM (Percentile Bootstrap) UCL|  0.0429
940 95% KM (z) UCL| 0.042 95% KM Bootstrap t UCL 0.101
941 90% KM Chebyshev UCL|  0.0541 95% KM Chebyshev UCL|  0.0663
942 97.5% KM Chebyshev UCL|  0.0832 99% KM Chebyshev UCL 0.116
943
944 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution
945 KM SD (logged) 0.689 95% Critical H Value (KM-Log) 219
946 KM Mean (logged)| -3.994 KM Geo Mean| 0.0184
947 KM Standard Error of Mean (logged) 0.177 95% H-UCL (KM -Log) 0.0325
948
949 Suggested UCL to Use
950 95% KM (Chebyshev) UCL|  0.0663
951 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
952 Recommendations are based upon data size, data distribution, and skewness.
953 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
954 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
9