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Executive Summary

The Swan Hills Treatment Centre (the facility), operated by Veolia Waste Services Alberta Inc.
(Veolia), is one of two facilities in Canada capable of effectively destroying polychlorinated
biphenyls (PCBs) using incineration. Notably, the goal of the Alberta government is to have all
PCBs disposed of by 2025, therefore PCB quantities requiring destruction is expected to decrease
in upcoming years. As part of its operating approval, Veolia carries out an annual environmental
monitoring program that includes collection and analysis of fish tissue from lakes near the facility,
as part of the Fish Tissue Monitoring Program (FTMP). Worley Canada Services Ltd. operating as
Worley Consulting, was retained by Veolia to sample fish tissue in 2023. The FTMP is summarized
below and presented in detail in the following report.

Background Information
The annual monitoring program includes collection and chemical analysis of brook trout tissue
from Chrystina Lake and Edith Lake to assess potential fish tissue contamination and fish health.
Chrystina Lake is the main study lake since it is closer (1.5 km) and down-wind to the facility,
whereas Edith Lake is farther away and upwind. It is used as a local reference for the FTMP. Both
lakes are open year-round to recreational fishing and are stocked each spring with brook trout
from the Raven Brood Trout Station near Caroline, Alberta. In previous years stocked trout have
been provided by the Cold Lake Fish Hatchery (CLFH) but this location has been closed for
renovations and was unable to provide fish since 2022. Stocked brook trout have been implanted
with coded wire tags (CWTs) each year since 2012 to provide definitive ages. These tags are
1.1 mm long, biologically inert, stainless-steel tags that are imprinted with codes specific to each
stocking year and are implanted into the fish snouts before stocking. Tissue samples from both
lakes were separated by age and analyzed for contaminants of concern (COC) listed in Table E-1.
Historically, PCBs drive toxicity levels in Chrystina Lake brook trout and are the main COC
associated with the facility. There currently is an Alberta Health advisory recommending that
consumption of brook trout captured from within 20 km of Swan Hills be kept to only two servings
(75 grams/serving) per week.

Table E-1: Contaminants of Concern Measured during the 2023 FTMP

Metals Organics
Aluminum, Antimony, Arsenic, Barium, Beryllium,
Boron, Cadmium, Calcium, Chromium, Cobalt, Copper,
Iron, Lead, Magnesium, Manganese, Mercury,
Molybdenum, Nickel, Phosphorus, Potassium,
Selenium, Silver, Sodium, Thallium, Uranium,
Vanadium, Zinc

Polychlorinated Biphenyls (PCB)

Dioxins

Furans
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2023 Program Objectives
Brook trout were captured from Chrystina and Edith lakes in mid-September. Chemical
concentrations in brook trout from Chrystina Lake were compared with applicable guidelines,
historical ranges, and concentrations in Edith Lake brook trout (reference condition), to
investigate potential effects of the facility on fish in nearby waterbodies. In previous years fish
from the hatchery were acquired to act as a control group but these fish were unable to be
procured for the 2023 season. Objectives of the 2023 monitoring programs include:

• evaluating brook trout size and condition to detect possible effects of chemical stressors near
the facility;

• comparing PCB concentrations among brook trout age classes in Chrystina and Edith lakes to
investigate possible COC accumulation and health impacts; and

• identifying key recommendations to improve the effectiveness and reliability of the FTMP.

Tissue Residue Quality Criteria
The toxicity of dioxins, furans, and dioxin-like PCBs occurs through similar physiological processes
therefore the toxicity of these compounds can be quantified by combining their respective toxic
effects into a single toxic equivalency (TEQ). The TEQ approach uses the toxic equivalence factor
(TEF) method, which is based on the concept of dose addition where the toxicity of individual
dioxin and dioxin-like compounds in a mixture is combined into the single TEQ metric that can be
used to facilitate risk assessment and regulatory control. The TEQs calculated during the FTMP are
based on the 2005 World Health Organization (WHO) TEFs for mammals that express the toxicity
of each dioxin, furan, and dioxin-like PCB relative to the most toxic form of dioxin.

Guidelines and toxicological thresholds applicable to the FTMP are summarized in Table E-2. The
Canadian Council of Ministers of the Environment (CCME) guidelines and tissue residue
benchmarks (TRB) for dioxins, furans, and dioxin-like PCBs set tissue residue criteria based on
TEQ and provide context for concentrations of organic contaminants in Chrystina Lake brook trout.
The CCME guidelines provide stringent criteria to protect wildlife consumers of aquatic biota and
are protective of the most sensitive wildlife consumers of fish (i.e. mink). The TRBs assist in
evaluating the potential of PCBs to cause adverse effects on Chrystina Lake brook trout.

The Great Lakes region has one of the longest running PCB monitoring programs in the world and
the region continues to be impacted by elevated PCB concentrations because of historical PCB use.
Fish consumption advisory limits in the region, based on total PCB concentrations in edible tissue,
are outlined in the Binational Strategy for Polychlorinated Biphenyl (PCB) Risk Management.
Canada’s federal quality criterion for total PCBs is under review and orders of magnitude above
tissue concentrations in brook trout near the facility, and there is no provincial guideline for total
PCBs. Therefore, total PCB concentrations in the edible tissue of brook trout collected during the
FTMP are compared with the consumption advisory levels established for the Great Lakes region.
The advisory level for unrestricted consumers (0.05 µg/g) is the most stringent consumption limit
and is protective of individuals that consume over 225 meals of wild caught fish per year.
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Toxicological thresholds have been developed for eleven metals from the Society of Environmental
Toxicology and Chemistry (SETAC) toxicity database based on previously reported no observable
effect concentrations (NOEC). The NOEC represents the highest concentration of a contaminant
that will not cause an adverse effect. In addition, maximum levels for contaminant concentrations
established by Health Canada under the Food and Drug Regulations are used to evaluate
concentrations of arsenic, lead, and mercury in Chrystina Lake brook trout relative to limits
imposed on retail foods.

Table E-2: Tissue Residue Quality Criteria for the FTMP

Guideline/Benchmark Source Applicable COC Protection
Great Lakes Consumption
Advisory Levels (2018)

Binational Strategy for
Polychlorinated Biphenyl (PCB) Risk
Management

Total PCBs Protection of human
fish consumers

CCME (2001) Canadian Council of Ministers of the
Environment (CCME) - Tissue
Residue Guidelines

PCBs

Dioxins/Furans

Protection of wildlife
consumers of aquatic
biota

Tissue Residue Benchmarks
(TRB)

TRB for Aquatic Biota derived for
TCDD and Equivalents (Steevens et
al. 2005)

PCBs

Dioxins/Furans

Benchmarks derived
for protection of:

99% of fish species
present

95% of fish species
present

90% of fish species
present

SETAC (1999) Society of Toxicology and Chemistry
- Linkage of effects to Tissue
Residues Database

Aluminum, Antimony,
Arsenic, Cadmium,
Chromium, Copper,
Lead, Mercury, Nickel,
Selenium, Zinc

No Observable Effect
Concentrations
(NOEC) for salmonid
fish species

Health Canada (2020) List of Maximum Levels for Various
Chemical Contaminants in Foods and
List of Contaminants and Other
Adulterating Substances in Foods

Arsenic, Lead, Mercury

TCDD

Maximum Levels (ML)
for chemical
contaminants in retail
foods

GOA 2018 Alberta Surface Water Quality
Guidelines – Tissue Residue
Guideline

Selenium Fish protection from
adverse effects
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Fish Characteristics
Brook trout condition and average fork length in 2023 in both lakes remains consistent with
previous years and does not suggest detrimental effects on growth at the whole-body level. The
average brook trout condition in Chrystina and Edith Lake continues to be approximately 1.2 and
1.16, respectively, which most recreational fishers would deem sufficient. The Catch Per Unit
Effort (CPUE) was lower in 2023 compared with previous years, with Edith Lake having the lowest
CPUE since 2018. Although the catch rates were lower, and no individuals were captured with a
fork length over 400mm, the size of brook trout captured was overall higher than it was during
the 2022 FTMP. The brook trout collected in 2023 from Edith Lake were the largest on average
captured since 2003. No known brook trout over 3+ years old were collected from Chrystina Lake,
although a wider range of age classes were captured from Edith Lake with 4+ and 6+ year-olds
being captured. Two fish who did not have CWT were captured within Chrystina Lake who had
body sizes large enough to possibly fit them into older age classes. Older age classes are
particularly beneficial for the FTMP given that these age classes improve analyses designed to
estimate the rate of PCB accumulation in Chrystina Lake by extending reconstructed life-histories.
The composition of samples analyzed each year depend on the age distribution of brook trout
captured. Samples analyzed as part of the 2023 FTMP are summarized in Table E-3.

Table E-3: Composition of Samples Analyzed during the 2023 Monitoring Program

Age Class Chrystina Lake (CHBKTR) Edith Lake (EDBKTR)
0+ --- ---

1+ Composite (5 fish) Composite (2 fish)

2+ Composite (2 fish) Composite (3 fish)

3+ Composite (5 fish) Composite (5 fish)

4+ --- Composite (5 fish)

5+ --- ---

6+ --- Composite (3 fish)

UNK A Individual ---

UNK B Individual ---

Polychlorinated Biphenyl (PCB) Tissue Residues
Total PCB concentrations in 2023 for Chrystina Lake and Edith Lake are provided along with
historical data in Figure E-1. Each measurement since 2006 is provided as a single point
(concentrations for duplicate samples averaged) with green points representing more recent data
and blue representing old PCB concentrations. Total PCB concentrations for 2023 (red) are
provided as single points, while mean concentrations for each age class are represented by a
horizontal (mean) and vertical (standard error) black line (Figure E-1).
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Figure E-1: Average Total PCB Concentrations in Chrystina and Edith Lake Brook Trout (2006 to 2023)

Total PCB concentrations in Chrystina Lake brook trout dropped from the 2022 results in 2023. In
contrast, Edith Lake saw increased PCB concentrations in all age classes except for the 2+ year-
olds which had also decreased. All wet weight total PCB concentrations measured in 2023 remain
below the consumption limit for unrestricted consumers established for the Great Lakes area for
both lakes (Figure E-1). Three of the congeners tested from the 1+ year old age class from
Chrystina Lake presented values that were under the historical minimums from previous years
samples.

= 2023 Total
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PCBs are lipophilic meaning that they preferentially accumulate in fatty tissue. Fish with a higher
lipid content are therefore expected to accumulate PCBs more readily than leaner fish. The total
PCB content was therefore normalized to the lipid content of each brook trout sample to minimize
variability introduced by differences in lipid content between individual fish. Average lipid
normalized PCB content continues to significantly decrease in Edith Lake brook trout since 2012
based on trend analysis. Although a decreasing trend in total PCBs is observed in Chrystina Lake,
this trend was not statistically significant and has a shallower slope that is indicative of PCBs
decreasing at a slower rate. Continued monitoring of PCB concentrations is warranted to see if
concentrations in Chrystina Lake continue to decrease further as the total PCB processed by the
Facility has decreased over time.

Reconstruction of the life-history of a single fish (stocked each year) since 2007 has provided an
estimate of PCB accumulation rates in Chrystina Lake and Edith Lake brook trout. This analysis
has been refined over the years to minimize variability and sources of error and now uses PCBs
105, 118, 126, and 153 as key indicator congeners. Reconstructed life-history results based on
PCB 118 are summarized for cohorts stocked into Chrystina Lake and Edith Lake from 2007 to
2020 in Figure E-2 Plots A and B in Figure E-2 provide the exponential relationships plotted on a
log transformed axis therefore they appear linear for each successive cohort in Chrystina Lake
(Plot A) and Edith Lake (Plot B). Plots C and D provide the slope parameter for each cohort from
2007 to 2020. Statistically significant relationships are shown in green whereas relationships that
are not statistically significant are blue. Since the slope controls how steep the relationship is for
each cohort, it is treated as a proxy for the rate of PCB accumulation as brook trout age.

Figure E-2: PCB 118-Based Reconstructed Life-Histories of Brook Trout Stocked into Chrystina Lake and Edith
Lake for Cohorts stocked from 2007 to 2020
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Overall Toxicity
Dioxins and furans contribute little to overall toxicity historically and concentrations are mostly
below detection in 2023 which confirms that toxicity in Chrystina Lake brook trout is primarily
driven by PCBs. Consequently, no trends are analyzed for dioxins or furans, and interpretation of
these results is limited to incorporation into TEQ calculations.

The PCB-based TEQ remained within the historical range for each age class of Chrystina Lake and
Edith Lake brook trout. The PCB-based TEQ decreased in 2023 compared with 2022 in all age
classes analyzed from Chrystina Lake and the 3+_year-old age class from Chrystina Lake was the
only one to exceed the CCME guideline for PCB-based TEQ in 2023.

The total TEQs of brook trout sampled in 2023 are compared with the CCME guideline, historical
ranges, and Edith Lake brook trout in Figure E-3 Additionally, the total TEQ was normalized
according to lipid content and the average TEQ of Chrystina Lake, Edith Lake, and hatchery brook
trout since 2012 were fit to a logarithmic regression to assess for trends over time (Figure E-4).
Lipid normalization of TEQs also enables comparison of tissue concentrations near Swan Hills with
TRBs established for the protection of fish from adverse effects. From these results the younger
age classes (1+ and 2+ year-olds) in Chrystina Lake had TEQs below the CCME guideline, while
older brook trout (>3+ years old) had TEQs over the CCME guideline. Meanwhile, all TEQ
concentrations in Edith Lake brook trout were below the CCME guideline in 2023. The average
lipid normalized TEQ is decreasing in both lakes between 2012 and 2023 with a decrease observed
in Edith Lake compared with Chrystina Lake (Figure E-4). It is important to note that the observed
decrease in Edith Lake is considered statistically significant whereas the decrease in Chrystina
Lake is not. Lastly, the lipid normalized TEQs in both lakes are below the most conservative TRB
which is protective of 99% of fish species including brook trout.

Average TEQ in both lakes has been decreasing since 2012 and this decrease is statistically
significant for both lakes despite the increases observed in 2023. When TEQ is lipid normalized the
decreasing trend remains statistically significant in Edith Lake but not for Chrystina Lake. The
results for TEQ since 2012 therefore reinforce the results from the PCB analysis, which suggest
that toxicity and PCB content is decreasing in both lakes and that this decrease is more
pronounced in Edith Lake compared with Chrystina Lake.
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Figure E-3: Historical and 2023 Wet Weight Total TEQs in Brook Trout (2006 to 2023)

Figure E-4: Average (± standard error) Lipid Normalized Total TEQ in Chrystina and Edith Lake Brook Trout
(2012 to 2023)

= 2023 Total
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Other Contaminants and Guidelines
Inorganic and organic concentrations that exceed tissue residue criteria in 2023 are summarized
alongside historical range comparisons in Table E-4. Metal concentrations in Chrystina Lake brook
trout were primarily within the historical range, no increasing trends were documented for any
metals. Zinc was the only metal that exceeded the SETAC threshold concentration in Chrystina
Lake or Edith Lake brook trout which is consistent with historical measurements obtained
previously during the FTMP. The Health Canada maximum levels for arsenic, lead, and mercury
were not exceeded in 2023. Notably, the last metal concentration exceeding a maximum level
occurred in 2016 when the mercury concentration of a 5+ year-old from Edith Lake had a
concentration above the maximum level.

Table E-4: Guideline Exceedances and Historical Comparisons of 2023 Tissue Concentrations

Location/Age Class Guideline Exceedances Contaminants Outside
Historical Range1

Chrystina Lake 1+ Zinc Coplanar PCB 81, 167, 189, Chromium,
Mercury

Chrystina Lake 2+ Zinc Chromium

Chrystina Lake 3+ PCB-based TEQ, Total TEQ Arsenic, Chromium

Chrystina Lake (Unk A) Total TEQ N/A

Chrystina Lake (Unk B) Total TEQ N/A

Edith Lake 1+ Zinc Chromium, Coplanar PCB 105

Edith Lake 2+ Zinc Chromium, Sodium

Edith Lake 3+ Zinc Arsenic, Chromium, Iron, Selenium

Edith Lake 4+ Zinc Chromium, Molybdenum

Edith Lake 6+ Zinc N/A

Notes:
Guideline exceedances indicate tissue concentrations above SETAC thresholds for metal contaminants and CCME tissue
residue guidelines for organic contaminants.
Superscript 1 - Contaminants listed in italics indicate that the tissue concentration is below the historical minimum for
the corresponding age class.
Superscript 2 – Associated TEQ measurement refers specifically to lipid normalized TEQ values
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Abbreviations and Acronyms

Acronym/abbreviation Definition
AEPA Alberta Environment and Protected Areas

ALS ALS Canada Ltd.

CCME Canadian Council of Ministers of the Environment

CLFH Cold Lake Fish Hatchery

COC Contaminant of Concern

CPUE Catch Per Unit Effort

CWT Coded Wire Tag

Dioxins Polychlorinated Dibenzo-ȍ-dioxins

EMP Environmental Monitoring Program

EMPC Estimated Maximum Potential Concentration

EPEA Environmental Protection and Enhancement Act

FL Fork Length

FRL Fish Research License

FTMP Fish Tissue Monitoring Program

Furans Polychlorinated Dibenzofurans

HHRA Human Health Risk Assessment

IUPAC International Union of Pure and Applied Chemistry

K Fulton’s Condition Factor

km Kilometres

LOER Lowest Observable Effect Residue

lw Lipid weight

MK Mann-Kendall

ML Maximum Level

NOER No Observable Effect Residue

PCB Polychlorinated Biphenyls

PCBLipid Lipid Normalized PCB Concentration

pg/g Picograms per gram

QA/QC Quality Assurance/Quality Control

RBTS Raven Brood Trout Station

RPD Relative Percent Difference

SETAC Society of Environmental Toxicology and Chemistry

SOP Standard Operating Procedure

SGS AXYS SGS AXYS Analytical Services Ltd.

SSD Species Sensitivity Distribution

TCDD 2,3,7,8-Tetrachlorodibenzo-ȍ-dioxin

TEF Toxic Equivalence Factor

TEQ Toxic Equivalence Quotient
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Acronym/abbreviation Definition
TEQDx/F Dioxin/furan-based Toxic Equivalence Quotient

TEQLipid Lipid Normalized Toxic Equivalence Quotient

TEQPCB PCB-based Toxic Equivalence Quotient

the facility Swan Hills Treatment Centre

TRB Tissue Residue Benchmarks

TRB90 Tissue Residue Benchmark protective of 90% of fish species present

TRB95 Tissue Residue Benchmark protective of 95% of fish species present

TRB99 Tissue Residue Benchmark protective of 99% of fish species present

µg/g Micrograms per gram

USEPA United States Environmental Protection Agency

Veolia Veolia Waste Services Alberta Inc.

WHO World Health Organization

ww Wet weight
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1. Introduction

The Swan Hills Treatment Centre (the facility) is located approximately 13.5 kilometres (km)
northeast from the Town of Swan Hills, Alberta in W½ 6-67-8 W5M, and is operated by Veolia
Waste Services Alberta Inc. (Veolia, Figure 1). The facility is operated under Environmental
Protection and Enhancement Act (EPEA) Approval No. 1744-03-00. Section 4.10 of the EPEA
approval requires that an annual Environmental Monitoring Program (EMP) reviews the potential
effects of the facility’s operation onto the surrounding environment.

The EMP requirement of the EPEA approval is fulfilled by a detailed annual EMP initiated in 1985
for the facility and surrounding area. As of 2023, key components of the EMP include
groundwater, surface water, sediment, fish, air, soil, vegetation, and wildlife. Pre existing/baseline
data of the environmental components were collected from 1985 onwards until the official opening
of the facility on September 11, 1987. The key components have been monitored regularly since
the facility opened and are examined for temporal and spatial changes that might indicate
whether the facility operations affect the surrounding environment. An expanded EMP is done at
five-year intervals to identify data gaps and ensure that study boundaries, approach, and
analytical schedules of the standard EMP sufficiently characterize potential effects from the
facility. The last expanded EMP was in 2019 and will be conducted again in 2024.

The fish tissue monitoring program (FTMP) is responsible for the annual collection and analysis of
edible brook trout (Salvelinus fontinalis) tissue from two lakes (Chrystina Lake and Edith Lake)
near the facility as part of the EMP. A detailed description of these features is provided in Section
1.1 and Appendix A. Information collected during the FTMP also supports an annual human health
risk assessment (HHRA) aimed at quantifying the potential risks of using lakes near the facility as
a source of country foods. Worley Canada Services Ltd., operating as Worley Consulting, was
retained by Veolia to complete the 2023 FTMP.

Each year brook trout tissue is analyzed for trace metals and major organic contaminants
including polychlorinated biphenyls (PCBs), polychlorinated dibenzo-ȍ-dioxins (dioxins), and
polychlorinated dibenzofurans (furans). A detailed analytical schedule for fish tissue is provided in
Table 1. Brook trout tissue samples are composited according to age for chemical analysis given
that several trace metals (e.g., arsenic, cadmium, chromium, copper, lead, mercury), PCBs,
dioxins, and furans can accumulate in fish tissue (ATSDR 2000). Notably, previous investigation
into possible exposure pathways in Chrystina Lake has provided useful insights, but
comprehensive study of exposure pathways is outside the scope of the FTMP.
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Historically, white sucker tissue is archived during standard monitoring years and analysed every
five years as part of the expanded EMP, or if PCB concentrations in brook trout exceed the current
FTMP trigger (exposure ratio calculated based on contaminant concentrations exceeds 10). White
sucker is not a sportfish in Alberta, are rarely taken for human consumption making them less
relevant to the HHRA component of the EMP, and historical contaminant concentrations are low
compared to brook trout. Consistent with previous years, white sucker fillets from Chrystina Lake
were retained and archived should further analysis be warranted.

1.1 Environmental Setting
The geographic setting displaying the main features of interest for the FTMP is illustrated in
Figure 1. Key terrain features that are examined by the FTMP include:

• Chrystina Lake - located approximately 1.5 km downwind and down gradient from the facility
in NE 8-67-8 W5M; and

• Edith Lake, which is considered a local reference lake for Chrystina Lake. Edith Lake is similar
limnologically to Chrystina Lake but is located upwind and farther away from the facility in
S 27-67-10 W5M (approximately 15 km).

No major streams drain into Chrystina Lake, and outflow is controlled by a vertical culvert at the
south end of the lake. Key limnological characteristics of the lakes are summarized in Table 1-1.

Table 1-1: Characteristics of lakes sampled in 2023

Lake Surface
Area
(km2)

Watershed
Area
(km2)1

Lake to
Watershed
Area Ratio

Maximum
Depth (m)2

Mean
Depth (m)2

Estimated
Volume
(m3)

Chrystina
Lake

0.49 1.60 0.31 10.5 3.2 1,568,000

Edith Lake 0.26 0.83 0.31 6.3 2.6 676,000

Notes:
1 Watershed area includes lake surface area.
2 Depth measurements are from bathymetric surveys in 2012 and 2014.
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Both Chrystina and Edith lakes are used for recreation (gravel boat launches and a public camping
area on the shores) and have forestry and some oil and gas-related activities (e.g., pump jacks,
access roads, pipelines) in their watersheds. An existing oil well is present on the northwest shore
of Edith Lake as well. The two lakes have different bathymetric characteristics and volume but do
have a similar ratio of lake area to watershed area (Table 1-1). The fish community in Chrystina
Lake consists of brook trout, white sucker (Catostomus commersonii), and brook stickleback
(Culaea inconstans). Brook trout and yellow perch (Perca flavescens) are the only fish species
previously reported in Edith Lake. Both Chrystina and Edith lakes are stocked annually in late-
spring/early-summer with 17- to 18-month-old brook trout, typically from the Cold Lake Fish
Hatchery (CLFH), although this hatchery was closed for renovations for the 2023 season. Instead,
the trout were provided by Raven Brood Trout Station (RBTS). Both lakes are open to recreational
fishing all year and have possession limits of five trout. A possession limit of 15 yellow perch also
is enforced on Edith Lake (Alberta Government 2023). There currently is an Alberta Health
advisory recommending that consumption of brook trout captured within 20 km of Swan Hills be
kept to two servings (75 grams/serving) per week (Alberta Government 2023). This advisory
encompasses both Chrystina and Edith lakes and has been in place since 1997 (GOA 2013).

1.2 Objectives
Consumption of wild caught fish is an important aspect of subsistence and recreational fisheries
and can act as an exposure pathway for contaminants when food is collected from in and around
contaminated sites (Health Canada 2010). To meet the requirements of the EMP, edible tissue
from brook trout caught in Chrystina Lake and Edith Lake are analyzed annually as part of the
FTMP to support the annual HHRA which characterizes potential risks from consumption of fish
caught near the facility. The main objectives of the FTMP in 2023 include:

• comparing chemical concentrations in the edible tissue of Chrystina Lake brook trout with
applicable guidelines (Table 2; Section 2.5), historical ranges, and concentrations in brook
trout from Edith Lake (reference condition) to investigate the potential effects of the facility on
fish;

• evaluating possible effects of chemical stressors on brook trout in Chrystina Lake relative to
historical data and the reference condition (Edith Lake) by examining fish size and condition;

• comparing concentrations of metals and organic compounds among brook trout age classes in
Chrystina and Edith lakes to investigate possible accumulation; and

• identifying key recommendations to improve the effectiveness and reliability of the FTMP.

The following report provides a summary of the 2023 FTMP and compares contaminant
concentrations in Chrystina Lake brook trout with historical data and reference fish from Edith
Lake to characterize current conditions and ecological risk near the facility.
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2. Methods

A summary of the methods used during the 2023 FTMP follows, while additional background
information regarding the methods used as part of the FTMP is available in Appendix A.

2.1 Fish Tagging
Fish aging is an important component of the FTMP because concentrations of certain metals and
organic compounds may increase with age, but conventional methods, such as analysis of aging
structures and length-weight relationships, have produced inconsistent and unreliable results
(WorleyParsons 2015). Traditional aging methods used previously by the FTMP (including otoliths,
fin rays, and scales) have limited accuracy, most likely because of unnatural temperature
fluctuations during hatchery rearing (WorleyParsons 2015). Consequently, these traditional aging
methods have not been included in the FTMP since 2016.

Coded wire tags (CWT) are biologically inert, small (1.1 mm long, 0.25 mm diameter) stainless
steel coded tags that are implanted into connective tissue and cartilage in the fish snouts
(Appendix A, Section A.2.1). Since 2012, fish stocked into Chrystina, and Edith lakes have been
tagged with CWTs produced by Northwest Marine Technology Inc. at the hatchery each year
before release. The CWTs that are etched with codes specific to the year a fish was stocked are
recovered during the summer sampling program to provide a definitive age for each brook trout
collected. Codes imprinted on CWTs since tagging started in 2012 are summarized in Appendix A,
while codes used since 2017 are provided in Table 2-1. Notably, for the first time since the
tagging program began three 6+ year old BKTR were captured in Edith Lake (Section 3.1.3).

Table 2-1 Chrystina and Edith Lake Stocking and Tagging Information (2018 to 2023)

Stocking
Year

CWT Code Age in
2023

Number of Fish
Stocked per Lake

Stocking Date Average Size
(cm)

2018 62-03-33 6+ 1,210 21 May 21.0

2019 62-03-37 5+ 1,600 27 May 21.3

2020 13-01-09 4+ 1,800 1 June 22.3

2021 13-01-11 3+ 2,100 25 May 20.4

2022 13-01-12 2+ 2,100 25 May 19.1

2023 13-00-01 1+ 1,550  6,7 June 21.4

Notes:

Average size is determined using the relationship between the number and overall weight of fish stocked and is estimated
using previously measured subsamples of hatchery salmonids; these measurements therefore do not represent the
measured average size of stocked brook trout.

Stocking information from Alberta Government Stocking Reports Government of Alberta (2018a, 2019, 2021a, 2021b,
2022, and 2023).
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Fish were tagged at the RBTS on May 29, 30 and June 6, 2023. Chrystina Lake and Edith Lake
had 1,523 and 1,550 tagged triploid brook trout stocked into the lake on June 6 and 7,
respectively (Table 2-1). Triploidy of stocked fish prevents spawning in the natural environment
given that brook trout are a non-native sportfish introduced to Alberta for recreational fishing.

2.2 Summer Sample Collection
The summer sampling program in 2023 took place from September 13 to 16. Yuma® tablet
computers with pre-loaded data sheets were used to record field data and calculate preliminary
measures of fish condition, catch-per-unit-effort (CPUE), and size distribution to improve sampling
efficiency. Collection and dissection procedures for brook trout and white sucker are summarized
in Sections 2.2.1 and 2.2.2 and described in detail in Appendix A (Sections A2.2 and A2.3).

2.2.1 Fish Collection
Gill netting and angling were used to collect brook trout and white sucker during summer
sampling. Net locations in Chrystina Lake and Edith Lake for 2023 are provided alongside 2021
and 2022 net locations in Figure 2 and Figure 3, respectively. Angling (trolling and casting), and
gill net deployments were done from a 12.5 ft inflatable Zebec® boat with a 20 hp outboard
motor. Fishing was conducted under Fish Research License (FRL) 23-1214-RL in 2023 which was
obtained from the AEPA Slave Lake office.

Gill nets were set near the lake bottom, suspended in the water column, or floated near the
surface depending on habitat type, previously documented fish distribution, and observations of
fish activity at the surface. Nets were deployed near suitable brook trout habitats and areas with
high fish density in Chrystina and Edith lakes based on historical catch data, and bathymetric
mapping (WorleyParsons 2015). Fish captured were screened in the field for a CWT, and fork
length (FL) was used as an approximate indicator of age (MacKay et al. 1990). Estimated age
classes were identified in the initial catch, and subsequent sampling aimed to capture at least four
individuals for each age class. All non-targeted species (i.e. yellow perch in Edith Lake) were
released immediately. The CPUE for each sampling method used in each lake is provided in
Section 3.1.1.

Spin casting, trolling, and fly fishing were used to supplement gill netting efforts in both lakes.
Angling methods are typically used to target larger individuals, avoid exceeding the catch limit of
the FRL when the number of fish captured is nearing the limit of 30 brook trout per lake, and
when time permits between gill net sets.
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2.2.2 Fish Dissection
All fish captured were identified to species, measured, and processed in the field as soon as
possible following collection. Adult brook trout kept for tissue analysis were brought to a
temporary workstation on shore. The exterior of each fish was examined before dissection for
signs of environmental stress such as abnormalities of the eyes, fins, gills, or mouthparts. The
snouts of brook trout that had a CWT were removed and retained in a coin envelope. Traditional
aging structures (e.g. scales, fin rays, and otoliths) were retained if no CWT was present, when
feasible. White sucker captured from Chrystina Lake also were examined and dissected following
capture using similar procedures as those described for brook trout (Appendix A, Section A.2.3).

Edible tissue (fillets with skin on) was obtained by filleting each side of the fish, removing belly
fat, and removing large bones and fins. For analysis of organic compounds, fillets were wrapped in
aluminum foil pre-washed with hexane-acetone and placed in zip-lock bags. For analysis of trace
metals, fillets were not wrapped in aluminum foil, but placed directly in labelled zip-lock bags.

Once processed, brook trout and white sucker fillets were placed immediately on dry ice for
transportation and then housed in a freezer (nominal storage temperature of <-20°C) until brook
trout age could be determined. White sucker tissue was retained for possible analysis should it be
required. Tissue from individuals not analyzed were stored in a freezer (nominal storage
temperature of <-20°C) and retained for a minimum of five years should additional chemical
analysis be required.

Sampling equipment was cleaned between fish samples in accordance with the United States
Environmental Protection Agency (USEPA) SOP No. 2006 for Sample Equipment Decontamination
(USEPA 1994). After each individual fish was dissected, all instruments and work surfaces were
cleaned with laboratory-grade acetone and hexane. All field personnel handling the fish wore
nitrile gloves that were replaced between fish dissections to avoid cross contamination.

2.2.3 Sample Composition
Individual brook trout were sorted by sampling year and age class, and up to five fillets from each
age class were combined into composited samples. Characteristics of fish collected and analyzed
during the 2023 FTMP are provided in Table 3. Tissue samples from older fish or from those age
classes represented by single brook trout were analyzed individually, two fish (Unknown A and
Unknown B) were unable to be aged but due to their large size they were submitted for individual
testing. Tissues for inorganic and organic analyses were packaged according to the compositions
summarized in Table 2-2 and shipped on dry ice to ALS Global (ALS) in Burlington for analysis.

Table 2-2: Composition of Samples Analyzed during the 2023 Monitoring Program

Age Class Chrystina Lake (CHBKTR) Edith Lake (EDBKTR)
0+ --- ---

1+ Composite (5 fish) Composite (2 fish)

2+ Composite (2 fish) Composite (3 fish)
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Age Class Chrystina Lake (CHBKTR) Edith Lake (EDBKTR)
3+ Composite (5 fish) Composite (5 fish)

4+ --- Composite (5 fish)

5+ --- ---

6+ --- Composite (3 fish)

UNK A Individual ---

UNK B Individual ---

Tissue analyses of individual fish rather than composites allows for comparisons between fish
condition/morphology and contaminant load. However, individual fish may or may not be
representative of entire age classes within the population because of natural variation, particularly
when relatively few fish were collected; analysis of tissue composites may provide a more robust
comparison with guidelines in this case. Ideally, more individual fish would be analyzed to improve
understanding of variability in tissue concentrations within age classes. Notably, Alberta Health,
treats the analysis of composited samples as a single data point.

2.3 Quality Assurance and Control
The Quality Assurance/Quality Control (QA/QC) program for the 2023 FTMP consisted of several
controls including:

• method blanks;

• spike blanks;

• matrix spikes;

• known reference materials; and

• internally and externally split duplicate samples.

The goal of these controls is to ensure that data collected during the FTMP are reliable,
reproducible, and verifiable. Additionally, potential concerns regarding data accuracy, precision,
bias, and contamination sources during analysis can be identified. The Guidelines for Quality
Assurance and Quality Control in Surface Water Quality Programs in Alberta (AENV 2006) was
used to provide limits such as those for relative percent differences (RPD) which are discussed
further in the QA/QC report (Appendix B).

Typically, ten brook trout from hatchery populations stocked into Chrystina and Edith lakes have
been obtained from the CLFH each year before the summer sampling program. However,
maintenance at the CLFH resulted in the brook trout being sent to the RBTS facility before being
stocked into Chrystina Lake and Edith Lake. Worley Consulting was informed by hatchery staff
that no brook trout were retained or being retained at the RBTS because of space limitations at
the hatchery. Therefore, no hatchery fish could be obtained from the hatchery to control for
potential contamination during hatchery rearing because of maintenance at the CLFH in 2023.
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Results from previous analyses of brook trout taken directly from the hatchery have been
consistently low during the FTMP suggesting that there is a low risk of contamination during
hatchery rearing.

The brook trout population has been moved between the Sam Livingston hatchery in Calgary and
the RBTS hatchery since 2021, because of renovations at the CLFH. This is an important
consideration for the analysis of tissue residue results and will be for interpretation of results as
well. Fish stocked in 2023 will not have been subjected to the same conditions in the hatchery as
those analyzed as control fish from 2022.

2.4 Fish Morphology
Morphological features of individual fish captured were measured to identify any changes to fish
condition in Chrystina Lake brook trout. This included calculating average FL, and condition of
brook trout in Chrystina Lake, and comparing these with historical data and reference conditions
(i.e. Edith Lake). Condition Factor (K) was calculated and presented graphically to display trends
in condition over time (Murphy and Willis 1996). Fish Condition Factor incorporates length-weight
data into a single metric, assumes that heavier fish of a given length are in better physiological
condition, and is calculated as per Equation 1.

Equation 1 ὑ   × 10

where L = fork length (mm) and W = weight (g); the length exponent of three assumes that fish
grow isometrically (Murphy and Willis 1996). Condition factor is thought to increase with health of
individuals (Froese 2006) and was used to compare fish from Chrystina and Edith lakes. Statistical
analyses were performed using RStudio software (Version 2023.09.1). Condition factor for
salmonids typically ranges from 0.8 to 2.0 depending on fish health, and a condition factor of 1.2
generally is indicative of fish acceptable to most anglers (Table 2-3).

Table 2-3: Estimated Salmonid Health Based on Condition Factor (K)

K Value Health Ranking
1.6 Excellent, trophy fish

1.4 Good

1.2 Fair, acceptable to most anglers

1.0 Poor

0.8 Extremely Poor, generally thin with large head and narrow body

Notes:
Rankings adopted from Barnham and Baxter (1998).
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Recent trends in dominant brook trout length classes over time and between lakes were evaluated
by comparing length-frequency distributions (i.e., number of fish per fork length class). Length-
frequency distributions since 2018 were compared among brook trout from both lakes. In
addition, the length-frequency distribution of tagged fish captured since 2012 is provided to
investigate the relationship between fork length and age.

2.5 Tissue Residue Analysis

2.5.1 Tissue Residue Criteria (Trace Metals)
Tissue residue criteria used to assess the potential for adverse effects from metal concentrations
in Chrystina Lake brook trout are summarized in Table 2. These criteria were adopted from:

• toxicological thresholds from the Society of Environmental Toxicology and Chemistry (SETAC
1999);

• Health Canada maximum levels (MLs) on the List of Contaminants and Other Adulterating
Substances in Foods (Health Canada 2022) and the List of Maximum Levels for Various
Chemical Contaminants in Foods (Health Canada 2020); and

• Environmental Quality Guidelines for Alberta Surface Waters (GOA 2018b).

The SETAC criteria provide thresholds based on toxicologically determined benchmarks for effects
of eleven metals in fish including: aluminum, antimony, arsenic, cadmium, chromium, copper,
lead, mercury, nickel, selenium, and zinc (Table 2). Toxicity data available in the SETAC (1999)
database includes the lowest observable effect concentration (LOEC) and the no observable effect
concentration (NOEC). The LOEC means the lowest test concentration of a substance that has a
statistically significant adverse effect on a specific population of test organisms compared with
that observed in controls. NOEC corresponds to the highest test concentration of a substance that
shows no statistically significant adverse effect on a specific population of test organisms
compared to that observed in controls. The thresholds used for comparison with brook trout
during the FTMP (Table 2) are based on NOEC endpoints for salmonid fish species from the SETAC
(1999) database. The SETAC (1999) threshold concentrations were cross-referenced with the
ECOTOXicology knowledge base and Environmental Residue Effects Database as part of the 2019
expanded program and the SETAC (1999) thresholds were consistent with recent toxicological
data (Advisian 2020).

Health Canada is responsible for the assessment of risk to human health from exposure to food-
borne chemical contaminants. One such risk-management measure is the development of MLs for
chemical contaminants in retail foods. The List of Contaminants and Other Adulterating
Substances in Foods establishes MLs in fish protein for arsenic and lead (Health Canada 2022;
Table 2). The List of Maximum Levels for Various Chemical Contaminants in Foods establishes the
ML for mercury in edible fish tissue (Health Canada 2020). These limits are enforceable by the
Canadian Food Inspection Agency and replace the Guidelines for Chemical Contaminants and
Toxins in Fish and Fish Products.
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The Environmental Quality Guidelines for Alberta Surface Waters (GOA 2018b) establishes an
interim muscle tissue guideline for selenium (Table 2). Selenium is the only metal or COC
associated with the FTMP that has a provincial tissue residue guideline in Alberta. It is important
to note that the Alberta guideline for selenium is on a dry weight (dw) basis. Historically, metal
concentrations in brook trout analyzed during the FTMP have been measured on a wet weight
(ww) basis and as such metals are presented throughout this report as ww concentrations.
Notably, the analytical results for samples from 2023 are on a ww basis and this must be
considered in any comparison of the selenium tissue concentrations with the Alberta interim
guideline.

2.5.1.1 Trace Metal Trend Analysis
Mann-Kendall (MK) trend analyses (Hirsch et al. 1982) were performed to identify statistically
significant increasing or decreasing temporal trends in trace metal concentrations in brook trout
tissue in the two lakes. The MK test is a non-parametric test for a net increase or decrease in a
time-series based on ranked data (Nielsen 2005). It can evaluate trends where there are at least
four data points and more than half of them are above reportable detection limits. The MK test is
not affected by arbitrary substitutions for measurements below the detection limit since these
non-detections are treated as ties when analyzed by a rank-based statistical analysis (Helsel et al.
2020). The MK test was applied to metals with at least six consecutive years of data above
detection up to 2023 to improve power of this trend analyses compared with standard
requirements. A moving-window approach was used for the MK trend analysis in which the
previous 10 years of tissue residue data was assessed to avoid the influence of historical data that
is less relevant to current conditions. Since the MK test does not account for the magnitude of
differences between years, it is applied as a screening tool during the FTMP, to identify trace
metals where more robust parametric trend analyses may be warranted.

Metals analyzed using the MK trend test include (years shown in brackets indicate the time-period
that data satisfied the requirements of the MK test):

¶ Aluminum (2012 to 2023)

¶ Arsenic (2012 to 2023)

¶ Barium (2012 to 2023)

¶ Chromium (2013 to 2023)

¶ Cobalt (2012 to 2023)

¶ Copper (2012 to 2023)

¶ Iron (2012 to 2023)

¶ Lead (2012 to 2023)

¶ Manganese (2012 to 2023)

¶ Mercury (2012 to 2023)

¶ Nickel (2012 to 2023)

¶ Selenium (2012 to 2023)

¶ Thallium (2012 to 2023)

¶ Zinc (2012 to 2023)

Average brook trout tissue concentrations for each of these metals were calculated for both lakes,
and MK trend analysis performed using RStudio software (Version 2023.09.1).
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2.5.2 Organic Analyses- PCBs, Dioxins, and Furans
Fish tissue samples collected from both lakes were sent to ALS and analyzed for all 209 PCB
congeners, reported as 162 distinct results, because of coeluting congeners (Table 1). This
congener-specific PCB analysis (based on EPA method 1668C) has been used for the FTMP since
2006, with detection limits and specific coelutions changing in 2013 when the analytical laboratory
changed. It is notable that the analytical laboratory used for PCB analysis changed again in 2021,
however, detection limits and analytical methods remained similar to those used between 2013
and 2020. Brook trout tissue concentrations for each dioxin and furan compound also were
measured by ALS using EPA method 16130 (Appendix A).

Laboratory results for PCBs were organized into functional groups including PCB homologues and
coplanar PCBs. The proportion of each PCB homologue group is relatively consistent between
years and are discussed further in Appendix A (Section A.3.1.1). In addition, the total PCB
concentration for each sample is reported for the sum of all 209 individual PCB congeners. The
total PCB content, based on seven marker congeners used by the International Council for the
Exploration of the Sea (ICES-7) was also calculated. The first time this was calculated was in
2022. Marker PCB congener subsets and their associated accuracy, including the ICES-7 subset,
were discussed in relation to FTMP data during the 2018 FTMP (Advisian 2019). These marker
PCBs provided total PCB concentration estimates with accuracy comparable with laboratory
analysis but their ability to accurately determine toxicity was limited. The analysis done by ALS
includes the ICES-7 and coplanar PCBs which would provide useful total PCB concentration
measurements and accurate TEQ measurements. The results of the ICES-7 marker PCBs are not
discussed further in this report given that the ICES-7 subset is not an accepted method for total
PCB concentration measurement by Alberta Health. Incorporation of the ICES-7 as part of the
FTMP would improve cost-effectiveness by reducing analytical costs, which would also increase the
number of analyses possible annually to better characterize variability in COC concentrations.

Lipid normalization of PCB results removes potential effects of fat content variability between
samples given that PCBs are lipophilic and expected to accumulate preferentially in fatty tissue
(Van den Berg et al. 2006). In addition, tissue residue benchmarks (TRB) used for determining
the potential for adverse effects on fish, are based on lipid normalized PCB concentrations
(Section 2.5.2.2). Total PCB content in fillets is normalized for lipid content using Equation 2.

Equation 2 ὖὅὄ =
Ϸ

ᶻ ὖὅὄ

where %Fat = lipid content, and PCB = the total PCB content on a ww basis (µg/g). For
conciseness, PCB concentrations normalized for lipids are referred to using a ‘Lipid’ subscript in
this report (PCBLipid).
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2.5.2.1 Toxic Equivalency
Coplanar (‘dioxin-like’) PCBs include twelve congeners that have no chlorine atoms (non-ortho), or
a single chlorine atom (mono-ortho) substituting hydrogen atoms in the ortho-position. PCB
congeners with these chemical structures are identified by their International Union of Pure and
Applied Chemistry (IUPAC) number in Table 4. A detailed discussion of PCB chemical structure is
not within the scope of the FTMP but is available from the Agency for Toxic Substances and
Disease Registry (ATSDR 2000).

Metabolic processes involved in the breakdown and toxicity of coplanar PCBs, dioxins, and furans
are similar (Appendix A, Section A.3.1.2). Consequently, toxicity of these compounds can be
quantified by combining their respective toxic effects into a single Toxic Equivalence Quotient
(TEQ). The TEQ approach uses the toxic equivalency factor (TEF), which is based on the concept
of dose addition where the toxicity of individual dioxin and dioxin-like compounds in a mixture is
combined into the single TEQ metric that can be used to facilitate risk assessment and regulatory
control. TEQs calculated during the FTMP are based on the 2005 World Health Organization (WHO)
TEFs which express the toxicity of each dioxin, furan, and coplanar PCB relative to the most toxic
form of dioxin (Table 4, Van den Berg et al. 2006).

Note that TEQ is designed to over-estimate risk as it is based on toxicity results for mink, which
have the highest intake-to-body weight ratio of receptor species that have been studied.
Additionally, mono-ortho substituted coplanar PCBs, listed in Table 4, generally do not cause
dioxin-like toxic effects in fish (Henry and DeVito 2003), but concentrations of these coplanar
PCBs are incorporated into calculated TEQs for the FTMP. Thus, inclusion of mono-ortho
substituted coplanar PCBs in TEQ calculations provide conservative TEQ estimates for Chrystina
Lake and Edith Lake brook trout. It also is important to note that TEQ does not consider the
toxicity of non-coplanar PCBs, which also can have negative effects through other biological
processes (Henry and DeVito 2003).

Results below detection were replaced with half the detection limit value to calculate TEQ.
Substituting non-detections with half the detection limit is widely accepted in Canada for risk
assessment programs (Health Canada 2010). Alternative statistical methods to estimate
concentrations below detection limits were beyond the scope of the FTMP.

2.5.2.2 Tissue Residue Criteria (Organics)
The ML for 2,3,7,8-tetrachlorodibenzo-ȍ-dioxin (TCDD) is 20 pg/g (Table 2) on the List of
Contaminants and other Adulterating Substances in Foods (Health Canada 2022). Brook trout
tissue concentrations measured as part of the FTMP are typically two orders of magnitude below
this ML. Tissue concentrations measured in samples collected in 2023 are not directly compared
with this criterion given the consistently low TCDD concentrations historically.
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The Great Lakes region of eastern Canada and United States has one of the longest running PCB
monitoring programs in the world and this region continues to be impacted by elevated PCB
concentrations because of historical PCB use (ECCC and USEPA 2018). Fish consumption
advisories in the region are guided by the Ontario provincial advisory criterion (OMOECC 2015)
and consumption advisory levels derived from the Great Lakes Sportfish Advisory Task Force
(GLSFATF 1993). These advisories are based on limiting daily intake to 3.5 µg PCB/day and
assume an average meal size of 227 g of uncooked fish meat. The advisory task force has
established consumption limits based on wet weight total PCB concentrations for five consumption
levels. Criteria for the highest two consumer ranges, unrestricted consumption and high
consumption, are within range of PCB concentrations in brook trout from the FTMP. The
unrestricted consumption limit (0.05 µg/g edible tissue) is based on individuals that consume 225
meals of sportfish per year, whereas the high consumption limit (0.20 µg/g edible tissue) assumes
individuals eat one meal of sportfish per week. Whereas these criteria are not currently used for
consumption advisories in Canada, they are used by several states in the Great Lakes region.
Alternatively, the Ontario fish consumption advisories are based on a limit of 0.105 µg/g in edible
tissue and assume a consumption rate of four meals per month (ECCC and USEPA 2018). Tissue
concentrations measured in brook trout during the FTMP are compared with these criteria in 2023
to provide important context for total PCB concentrations since individual PCB congeners currently
are not subject to any regulatory guidelines, and the Health Canada ML (2020) for total PCBs
remains under review.

The Canadian Council of Ministers of the Environment (CCME) developed Canadian tissue residue
guidelines for PCBs, as well as a more stringent guideline for dioxins and furans combined
(Table 2, CCME 2001a, 2001b). These guidelines set the safe limit for consumption of aquatic
tissue by wildlife (mammals) based on the TEQ of the tissue. The CCME guideline for PCBs is used
to evaluate tissue residues where the PCB-based TEQ (TEQPCB) is calculated independently,
whereas the dioxin and furan guideline is employed where total TEQs (including coplanar PCBs,
dioxins, and furans) are calculated for samples analyzed during the FTMP. This approach is
recommended by CCME (2001a) and compares overall toxicity with a more stringent guideline.
There are no guidelines for individual PCB congeners in Canada, but estimating TEQ provides
some rigour for coplanar PCBs, and the CCME guidelines assume that the toxicity captured in TEQ
calculations also will be protective of non-coplanar PCB congeners (CCME 2001a). Historically, ww
tissue concentrations for coplanar PCBs, dioxins, and furans are multiplied by their TEF and
summed to provide TEQs for each sample collected during the FTMP. These TEQs are compared
with the CCME guidelines (CCME 2001a, 2001b).
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Review of applicable criteria during the 2019 expanded program identified TRBs for TCDD and
dioxin-like compounds using a species sensitivity distribution (SSD) approach. Steevens et al.
(2005) compiled no observable effect residue (NOER) and lowest observable effect residue (LOER)
concentrations from toxicological studies of ten fish species, including brook trout. The geometric
mean of the NOER and LOER was calculated for each study and plotted to create an SSD from
which a TRB could be derived. Using this method Steevens et al. (2005) calculated TRBs that are
protective of 90% (TRB90), 95% (TRB95), and 99% (TRB99) of fish species present within an
ecosystem. These benchmark concentrations were lipid normalized to account for the propensity
of PCBs, dioxins, and furans to accumulate in fatty tissue, therefore lipid-normalized TEQs
(TEQLipid) were calculated for samples analyzed as part of the FTMP. The benchmark
concentrations calculated by Steevens et al. (2005) are summarized in Table 2-4. Whereas the
CCME guidelines are protective of mammals ingesting aquatic tissue, these TRBs evaluate whether
concentrations of dioxin-like compounds in tissues are likely to cause observable negative effects
on Chrystina Lake brook trout. Notably, the geometric mean of the NOER and LOER for brook
trout included in the SSD was 1.68 ng TCDD/g lipid weight (lw), which is an order of magnitude
above the TRB90 residue concentration. Consequently, the TRB values are expected to provide a
conservative evaluation of potential negative effects for Chrystina Lake brook trout.

Table 2-4: Tissue Residue Benchmarks (TRB) for TCDD and other Dioxin-like Contaminants

Percent of Fish Species Protected by
Benchmark

Benchmark Value (ng TEQ/g lw)

99% 0.057

95% 0.321

90% 0.699

Notes:

Adopted from Steevens et al. 2005

2.5.2.3 Organic Trend Analysis
The MK trend analysis was applied to the total PCB and PCBLipid concentrations and TEQs
measured since 2010 in brook trout from Chrystina and Edith lakes to identify statistically
significant trends over time.

PCBs tend to accumulate in biological tissue (Section 2.1) so it would be helpful to understand
patterns of change in fish tissue TEQ as fish age. This would require following a fish through its
life and measuring tissue for PCB concentrations regularly. This is not possible given that sampling
is terminal, and even if it were not, it would be exceedingly unlikely that the same fish could be
captured during each annual cycle of sampling. Individual life-histories can be recreated using the
PCB concentrations in samples from various age classes to address this difficulty and further
investigate possible accumulation in Chrystina Lake brook trout. This is accomplished by pairing
1+ year-olds from specific stocking years with successive years of 2+ year-olds, 3+ year-olds, etc.
For example, a hatchery fish (0+ year-old) in 2008 would be stocked as a 1+ year-old in 2009 and
would be a 2+ year-old in 2010, a 3+ year-old in 2011, etc.



317011-00057-00-EN-REP-00001_2023 SHTC FTMP Summary_R0 15

Life-histories from brook trout stocked since 2007 were reconstructed in 2023 for both lakes to
produce fourteen cohorts (originating from 2007 to 2020) for which tissue concentrations have
been measured for all PCB congeners. Bioaccumulation and/or biomagnification may be
responsible for increasing concentrations over time, and it is not the intent here to distinguish
between these processes, but it was assumed that the patterns could be described by exponential
functions, which is what was fitted to each cohort.

The ww tissue concentrations for four PCB congeners/coelutions including PCB 105, 118, 126 and
153/168 were fit to exponential functions to statistically describe accumulation trends in Chrystina
Lake and Edith Lake brook trout. Notably PCB 153 is analysed as a coelution of 153/168, as it is
the most abundant PCB found in tissue and it will mask lower concentrations of 168. Average
congener concentrations were used during the trend analysis for samples with duplicate analyses,
and half detection limits were substituted where PCB 126 concentrations were below detection.
Congeners/coelutions for tracking accumulation trends (tracking congeners) were identified during
the 2016 FTMP through review of the historical data set and congener profiling (Advisian 2017)
and are suitable for tracking PCB accumulation in Chrystina Lake because they:

• contribute to toxicity through dioxin-like interactions making them environmentally relevant;

• have high Biota-Sediment Accumulation Factors (Magnusson et al. 2005) and historical Swan
Hills data suggests that they have a propensity to accumulate in fish tissue;

• have log Kow values typical of PCBs with high accumulation potential (Paterson et al. 2015,
Niimi 1996);

• have little to no censored data in the historical dataset and few estimated maximum potential
concentrations (EMPC); and/or

• contribute a high proportion to the total PCB concentration.

Notably, PCB 126 concentrations are occasionally reported as EMPC values or below detection.
This congener is used as a tracking congener, as well, since it is the most toxic PCB (based on
TEF) and contributes most to the overall toxicity in brook trout analyzed during the FTMP
(Section 3.3.1.1). This introduces some additional uncertainty and variability within the dataset
for PCB 126 compared with the other tracking congeners.
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3. Results and Discussion

3.1 Fish Characteristics
Morphological characteristics and age distribution of the fish captured and retained during the
2023 FTMP are provided in Table 3.

3.1.1 Catch Rates
The CPUE of the fish sampling program for 2023 was lower compared to 2022 with the CPUE for
Edith Lake being the lowest it has been since 2018 (Figure 4). The average CPUE for brook trout,
white sucker, and yellow perch collected from Chrystina Lake and Edith Lake in 2023 are provided
in Table 3-1. In 2023, thirty-three brook trout were captured from Chrystina Lake in eight gill net
deploymentseach of approximately 1-hour. No angling effort was needed as enough fish were
captured in the first round of gill netting. Twenty-eight brook trout were captured in twenty-three
1-hour sets in Edith Lake. The CPUE was low in Edith Lake as nets had to be redeployed multiple
times to obtain the catch limit. Spin casting, trolling, and fly-fishing techniques were used over
approximately one hour in between net checks but no fish were caught.

As in previous years, gill net panels with smaller mesh sizes were removed and not deployed in
Edith Lake. This was to try to limit the number of yellow perch that would be caught in the smaller
meshes. Most brook trout were captured in mesh sizes between 50 mm and 70 mm with some
larger individuals being captured in 80 mm mesh.

Table 3-1: Summary of CPUE during 2023 Fish Sampling Programs

Lake Gill Net Angling
CPUE
(fish/day/m2)

Fish Caught CPUE
(fish/hour/line)

Fish Caught

Chrystina 1.34 BKTR

0.30 WHSC

33 BKTR

12 WHSC

--- ---

Edith 0.26 BKTR

0.01 YLPR

28 BKTR

1 YLPR

0 BKTR 0 BKTR
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3.1.2 Fish Length and Condition
The average FL and condition of brook trout collected from Chrystina Lake and Edith Lake in 2023
are compared with recent years in Figure 5 and Figure 6, respectively. Average FL and condition
of brook trout captured from both lakes has remained relatively consistent since 2017. In past
years, the average length of captured brook trout has normally been higher in Chrystina Lake.
The average length of Edith Lake brook trout in 2023 was 312 mm while average length of
Chrystina Lake brook trout was 301mm, and the FL did not differ significantly between the lakes
(ANOVA; P = 0.369, F1,59 = 0.821, pwr = 0.426). The brook trout collected from Edith Lake in
2023 were the largest on average captured since 2003.

Brook trout condition did not differ significantly between Chrystina Lake and Edith Lake in 2023
(ANOVA; P = 0.215, F1,59 = 1.57, pwr = 0.119). The average brook trout condition in 2023 in both
lakes would be generally acceptable for recreational fisheries (Table 2-3).

Based on the length frequency graph for 2023, there was a wide range of brook trout sizes
captured from Chrystina Lake and Edith Lake (Figure 3-1). The largest fish captured in Chrystina
Lake was 388 mm and did not have a known age given that no CWT was observed, meanwhile
Edith Lake’s largest fish was 380 mm and was 6+years old. Length-frequency graphs from 2018 to
2023 suggest that a wider variety of sizes were captured in both lakes in 2023, with more fish
between 375-400 mm captured in 2023 compared to 2022 (Figure 7).

Figure 3-1: Length frequency distribution of brook trout captured in each lake in 2023
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3.1.3 Age
The age distribution of brook trout captured from Chrystina Lake and Edith Lake during the 2023
summer sampling program are summarized in Table 3-2. The cumulative length-frequency
distributions of 1+ to 6+ year-old tagged brook trout captured from Chrystina Lake and Edith Lake
since tagging began in 2012 are provided in Figure 8.

Brook trout with an unknown age are individuals from which a CWT could not be recovered. The
number of fish that were unable to be aged was elevated in 2023, ageing structures were taken
from each of the untagged fish but determining age from these structures has been shown to be
unreliable historically (WorleyParsons 2015). Two untagged brook trout (Unknown A and B) with
weights of 601 g and 698 g and fork lengths of 388 mm and 378 mm were captured from
Chrystina Lake in 2023. Comparing these fish with the body weight (589 g to 645 g) and FL
(350 mm to 380 mm) of 6+ year-old brook trout from Edith Lake, evidence suggests that these
fish could be of similar age based on their size. Due to their size, they were submitted to the lab
for individual testing.

Younger ages classes (1+ and 2+ year-olds) make up more than 60% of the brook trout captured
in Chrystina Lake. The demographic of brook trout from Edith Lake in 2023 was more widespread
with the middle age classes (3+and 4+ year-olds) making up 50% of captured individuals. In 2023,
the proportion of brook trout over 3+ years-old from Edith Lake increased from 2021 and 2022,
given that middle age classes only made up 12% and 36% of captured individuals, respectively.
Brook trout over 3+ years old have not been captured from Chrystina Lake since 2021, when one
4+ year-old and one 5+ year-old were captured and analyzed.

Table 3-2: Number of Brook Trout Captured per Age Class during the 2023 FTMP

Age Class Chrystina Lake Edith Lake
1+ 11 2

2+ 9 3

3+ 6 9

4+ 0 5

5+ 0 0

6+ 0 3

Unknown 7 6

Total 33 28
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No 5+ year-old BKTR were captured from either lake in 2023, however, three 6+ year-old tagged
brook trout were captured from Edith Lake for the first time since the tagging program started in
2012. By comparison, only four tagged 5+ year-olds have been documented since the tagging
program started in 2012, only one of which was captured from Edith Lake. Five 4+year-olds were
also captured from Edith Lake in 2023, making up 18% of the total catch which was higher than
that observed from both lakes combined since 2015. Continued tagging of brook trout stocked
into Chrystina and Edith Lake will help determine if life expectancy varies between lakes,
however, collection of more CWTs from fish captured from both lakes would provide a clearer
understanding of age distribution in Chrystina and Edith lakes.

3.2 Inorganic Analysis-Trace Metals
Metal concentrations in Chrystina Lake brook trout in 2023 have been compared with reference
fish from Edith Lake, historical ranges within age classes, and applicable tissue residue quality
criteria as described in Section 2.5.1 (Table 5). Raw data collected during the FTMP also are
provided in Appendix C (Table C.1) and analytical results including the laboratory supplied quality
control report is provided in Appendix D.

Metal tissue concentrations outside of the historical range are summarized in Table 5. No new
historical maxima were recorded in Chrystina or Edith Lake in 2023. Chrystina Lake had chromium
results that were new historical minima within the 1+, 2+, and 3+ year-old age classes. In addition,
mercury and arsenic were recorded as new historical minima within the 1+ and 3+ year-old age
classes, respectively.

Several new historical minima were also recorded within Edith Lake. Chromium was established as
a new minimum for all captured age classes. Arsenic, iron, and selenium were established as
historical minima in the 3+ year-old age class. Sodium was only recorded as a new historical
minimum within the 2+ year-old age class. Molybdenum was also recorded as the new historical
minimum for the 4+ year-old age class.

3.2.1 SETAC Threshold Exceedances
Apart from zinc, all metal concentrations were below the SETAC (1999) thresholds in 2023,
regardless of the lake the brook trout were captured from. Zinc concentrations in brook trout
tissue continue to exceed the SETAC (1999) threshold in all age classes in both lakes, a trend that
has been consistent since the start of this program (Figure 9). Similar to the 2021 and 2022
results, zinc did not exceed the historical ranges for any age class in Chrystina Lake or Edith Lake.
High aluminum concentrations have been observed previously in Chrystina Lake and Edith Lake
brook trout, however average aluminum concentrations have been consistently below the SETAC
(1999) threshold since 2018 (Figure 10).
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3.2.2 Metals Trends Analysis
Tissue residue concentrations for fourteen metals were assessed for increasing or decreasing
trends in Chrystina Lake and Edith Lake and results have been summarized in Table 6. The
average concentrations of these variables (excluding zinc, aluminum, and mercury) in Chrystina
Lake, Edith Lake, and hatchery brook trout since 2012 are presented in Figure 11. Chromium is
the only metal with a statistically significant trend in Chrystina Lake brook trout for 2023
indicating decreasing chromium concentrations in Chrystina Lake brook trout (Table 6).

3.2.3 Health Canada Maximum Levels
There are no tissue residue concentrations measured that exceeded a Health Canada ML during
the 2023 FTMP. Average mercury concentrations in Chrystina Lake, Edith Lake and hatchery brook
trout are provided in relation to the ML in Figure 12. Concentrations of arsenic, lead, and mercury
have reamined consistently low, comparable with historical data and below the Health Canada
MLs. Mercury and arsenic levels have established new historical minima within 1+year-old and
3+year-old age classes of Chrystina Lake, respectively. While Edith Lake recorded a new historical
minimum of arsenic in the 3+year-old age class.

3.3 Organic Analyses-PCBs, Dioxins, and Furans
Total PCB concentrations (lw and ww) of samples analyzed during the 2023 FTMP are compared
with historical data collected since 2006 and applicable criteria in Figure 13 and Table 7.
Concentrations of individual PCB congeners and coelutions measured during the FTMP from 2006
to 2023 are provided along with total PCB concentrations in Table C.2 (Appendix C). Laboratory
reports with results for the samples analyzed for the 2023 FTMP are provided also in Appendix D.

3.3.1 PCB Analysis
Total PCB concentrations in Chrystina Lake and Edith Lake brook trout in 2023 are provided
alongside total PCB concentrations since 2006 in Table 7. Total PCB concentrations in Chrystina
Lake brook trout decreased in 2023 from the 2022 results and were below the unrestricted
consumption guideline for the Great Lakes (Figure 13). Although total PCB concentrations in Edith
Lake brook trout increased from 2022 to 2023 in all age classes, except for the 2+ year-olds, the
overall PCB concentrations remain low. Notably, the total PCB concentration in Edith Lake brook
trout were all below the historical mean for each respective age class. Total PCBlipid concentrations
of Chrystina Lake brook trout decreased from the previous year in 2023. Edith lake total PCBlipid

concentrations all have slightly increased from previous years except for the 2+year-old age class,
which saw a decrease also.
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The MK trend analysis was used to identify increasing and/or decreasing trends in total PCB
concentrations in Chrystina Lake and Edith Lake brook trout analyzed since 2012. Based on this
analysis, the total ww PCB concentration has a significant decreasing trend in Chrystina Lake
brook trout. This decreasing trend is observed, but not statistically significant, when PCB
concentration is normalized to fat content (Table 6). Alternatively, both ww PCB and PCBLipid

concentrations are significantly decreasing in Edith Lake brook trout since 2012 (Table 6).

The MK trend analysis indicated that there are potential decreasing trends for the total PCB
concentrations in Chrystina Lake and Edith Lake brook trout (Table 6). Maximum likelihood trend
analysis of total PCBLipid concentrations was used to describe these potential trends in more detail
for each lake (Figure 15). Tissue residue concentrations were log transformed to better fit a linear
model for both lakes and a significant decreasing trend was documented for brook trout from
Edith Lake (Linear Regression, F1,53=43.2, p < 0.001, R2 = 0.44). Although a decreasing trend
for PCBLipid concentrations was present for Chrystina Lake brook trout, this trend was not
statistically significant (Linear Regression, F1,63 = 4.0, p = 0.05, R2 = 0.04).

3.3.1.1 Coplanar PCBs
A summary of coplanar PCB concentrations and TEQ calculations from 2006 to 2023 is provided in
Appendix C (Table C.3). Coplanar PCB concentrations in Chrystina Lake brook trout in 2023 are
compared with the CCME (2001a) guideline for TEQPCB, historical ranges, and Edith Lake reference
fish in Table 8. It is well documented that Chrystina Lake brook trout TEQs are driven mainly by
coplanar PCBs, given that dioxin and furan concentrations are typically near detection limits
(Section 3.3.2). More specifically, PCB 126 contributed 89% of the TEQPCB on average and
contributed an average of 65% of the total TEQ in 2023.

Compared with the 2021 and 2022 FTMPs that had the TEQPCB for each age class in Chrystina Lake
exceeding the CCME (2001a) guideline, the 2023 levels were below guideline in each class except
for the 3+ year-old age class. Although the TEQPCB decreased in Chrystina Lake 3+ year-olds, the
concentration exceeded the CCME (2001a) guideline. The TEQPCB concentrations for Edith Lake
brook trout were under the CCME (2001a) guideline and decreased in the 1+ and 2+ year-old age
classes while increasing in the 3+ and 4+ year-old age classes (Table 8). Coplanar PCBs were on
average lower for all age classes in Chrystina Lake and Edith Lake with new historical minima
being set within the Chrystina Lake 1+ year-old age class for coplanar PCBs 81,167, and 189.

3.3.2 Dioxins and Furans
Historical dioxin and furan concentrations collected during the FTMP are summarized in Appendix
C (Tables C.4 and C.5). Dioxin and furan concentrations in samples analyzed in 2023 are provided
along with calculated TEQ values in Table 9. As seen consistently throughout this program’s
history, tissue concentrations for dioxins and furans continue to be primarily below detection in
2023. Given the typically low concentrations of dioxins and furans, most comparisons to the CCME
(2001b) guideline, historical ranges, and reference brook trout are based on overall total TEQ
(Section 3.3.3).
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Compared to previous years, the dioxin/furan based TEQ (TEQDx/F) concentrations for the
Chrystina Lake 3+ year-olds and Edith Lake 1+ and 3+ year-olds were slightly higher in 2023 but
continued to be below historical maxima. The 2+ year-old age class continued to show decreased
concentrations for both lakes as it has for other concentrations mentioned previously. All TEQDx/F

concentrations in 2023 remain below the CCME (2001b) guideline and similar to previous years
hatchery concentrations suggesting that dioxins and furans continue to contribute little to overall
toxicity in brook trout near the facility.

3.3.3 Toxic Equivalency
The 2023 TEQs in Chrystina Lake brook trout are compared with historical ranges, CCME (2001b)
guidelines, and Edith Lake reference fish in Table 9. Historical total TEQ, TEQPCB, and TEQDx/F

values are summarized alongside 2023 Chrystina Lake brook trout concentrations in Table 10. In
addition, total TEQs of brook trout analyzed in 2023 are compared visually with historical ranges,
Edith Lake and hatchery brook trout, and applicable tissue quality criteria in Figure 15. Temporal
changes to average TEQ for brook trout from Chrystina and Edith lakes since 2012 are provided in
Figure 16. The total TEQ is assessed on a wet weight and lipid normalized basis in Figures 15 and
16 to assist with comparisons between toxicity measured in brook trout near the facility with TRBs
and the CCME (2001b) guideline. It is important to note that the y-axis of the lipid normalized
TEQ plot in Figure 16 has been log transformed to show the linear regression models fit to the
total TEQ trends in Chrystina and Edith lakes.

Total TEQs exceeded guidelines for Chrystina Lake for the 3+ year-old age class as well as for the
Unknown A and B samples. The 1+ and 2+ year-old age classes decreased in 2023 compared with
2022 and were under the CCME (2001b) guideline. Edith Lake total TEQ increased slightly in all
age classes except the 2+ year-olds although all values remained below the CCME (2001b)
guideline. The TEQ trend data presented in Figure 16 indicates that the toxicity from PCBs,
dioxins, and furans in brook trout sampled during the FTMP has been reduced and is typically
lower than the TRB99, which is the most conservative guideline that is protective of 99% of fish
species.

Lipid normalized total TEQ (TEQLipid) concentrations in Chrystina Lake and Edith Lake brook trout
were within the historical range for each age class analyzed in 2023 and were below the average
concentration for each age class measured in both lakes except for the Chrystina Lake 3+ age
class (Figure 15). All TEQLipid concentrations in Edith Lake brook trout are below the TRB99
threshold in 2023. The TEQLipid concentrations in the Chrystina Lake 3+ year-old age class was the
only age class to exceed the TRB99 threshold during the 2023 FTMP. Average TEQLipid

concentrations in both lakes have been decreasing inconsistently since 2011 with increases in
2022. Given that the MK analysis identified decreasing trends for total TEQ in both Chrystina Lake
and Edith Lake, a linear regression model was applied to fit the TEQLipid between 2012 and 2023.
Similar to the total PCB trends in each lake, the total TEQ is decreasing in Chrystina Lake,
however, this trend is not statistically significant (Linear Regression, F1,62 = 3.1, p = 0.08,
R2 = 0.03). Meanwhile the decreasing TEQLipid trend observed in Edith Lake is statistically
significant (Linear Regression, F1,53 = 17.2, p < 0.001, R2 = 0.23).
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3.3.4 Accumulation of PCBs in Fish Tissue
Chrystina Lake and Edith Lake brook trout tissue concentrations in 2023 extended the
reconstructed life-histories of the 2020 cohort in Chrystina Lake, and the 2017,2019, and 2020
cohorts in Edith Lake. Results for PCB 118 and 153 are presented given that they consistently
accumulate in Chrystina Lake brook trout and are unaffected by EMPC values or non-detections.
Accumulation patterns discussed for these tracking congeners are consistent with results for PCB
105 and 126 as well.

Trends in PCB 118 in brook trout tissue from Chrystina Lake for the fourteen cohorts appear as
straight lines because concentrations are on a logarithmic scale (Figure 17; Plot A). Fitted lines
are either green or blue: the former indicates a slope that is significantly different from zero, and
the latter a slope that is not. Data are inherently noisy which is why some green and blue lines
appear to have similar slopes; a non-zero slope may not be significant if the residual variability is
too large. Each line in Figure 17 (Plot A) has a slope that may be interpreted as the rate of PCB
118 accumulation in tissue for each cohort (even if particular relationships are noisy enough to
cloud their statistical significance). Slopes for successive cohorts can be plotted to examine the
rate of PCB accumulation in tissue over time (Figure 18, Plot A). As with depictions of PCB
accumulation trends in Figure 17, the lines in Figure 18 are blue if they are suggestive but not
statistically significant given residual variability, and lines are green if the relationship is
statistically different from zero. If the slope parameter for a cohort is negative it is replaced by a
value of zero for comparison with other cohorts given that PCBs are not anticipated to decrease in
tissue as fish age and the negative slope is most likely caused by natural variability.

Chrystina Lake life histories did not get extended for any life histories beyond the 2020 cohort.
Unlike previous years that saw the accumulation rates decreasing, the rates for PCB 118 have
started to slightly increase due to the higher concentrations seen in this lake since 2021. The
slope for PCB 153 has also become shallower but is still slightly decreasing (Figure 19, Plot A and
C). Few fish over 3+ years old have been captured from Chrystina Lake since 2021 leading to
shorter life-history reconstructions. A better understanding of the age distribution within the
Chrystina Lake brook trout population would provide useful information regarding the life
expectancy of brook trout in this lake and the availability of older brook trout.

With the capture of the three 6+ year-olds in Edith Lake, the life history for the 2017 cohort was
able to be expanded despite a gap between the 4+ and 5+ year-old age classes. This is the longest
extended cohort to data and this cohort has the 3rd lowest accumulation rate of all the cohorts
analyzed from Edith Lake. This suggests that long-term PCB accumulation rate in Edith Lake is
low, leading to low TEQs overall in brook trout from Edith Lake. Based on recent cohorts the rates
of accumulation slope for PCB 118 and 153 appear to be continuing the downward trend despite
elevated accumulation rates in more recent cohorts (Figure 18, Plot B and D). Although the
decreasing slope is not as steep as was noticed in the 2021/22 FTMP due to the 2020 cohort
showing the highest rate of concentrations for both PCBs since 2010.
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4. Summary of 2023 Monitoring

Monitoring in 2023 commenced very similarly to monitoring practices in previous years. However,
hatchery fish (to act as the control) were unable to be procured from the hatchery because of
maintenance at the government operated hatcheries. The CPUE for 2023 was much lower in 2023
than in previous years, particularly in Edith Lake. While no 5+ year old fish were captured in either
lake, three tagged 6+ year-old brook trout were sampled from Edith Lake which is the first
documented occurrence of 6+ year-old brook trout from either lake. Life expectancy for the
stocked triploid brook trout is thought to be approximately four years suggesting that retrieving
more CWTs could provide useful information regarding lifespan in both lakes.

New metal tissue residue historical minima were recorded for all ages captured within both lakes,
and no historical maxima were reported. Zinc concentrations continued to be above the SETAC
(1999) threshold for all ages classes within both lakes, but no other metal concentrations
exceeded the respective SETAC (1999) threshold nor the Health Canada Maximum Level in 2023.

Overall toxicity from PCBs, dioxins, and furans continues to be driven primarily by PCBs and
decreased in both lakes from 2022 to 2023. In Chrystina Lake, the coplanar PCBs were typically
lower for all age classes with new historical minima being set in the 1+ year-old age class. The 3+

year-old TEQPCB was the only TEQPCB that exceeded the CCME (2001a) guideline in 2023. This
sample and the two Chrystina Lake brook trout analyzed with no known age were the only
samples that exceeded the CCME (2001b) guideline in 2023. Edith Lake PCB concentrations
remained stable and under the CCME guidelines. Although decreasing trends have been observed
in both lakes, this decrease is only statistically significant in Edith Lake brook trout.

Average TEQLipid concentrations in both lakes are below the TRB99 benchmark which is the most
conservative criterion for potential adverse effects from dioxin-like contaminants on brook trout in
Chrystina Lake and Edith Lake. The 3+ year-old brook trout from Chrystina Lake was the only
sample to exceed this benchmark in 2023. In addition, no total PCB concentrations exceeded the
unrestricted consumption limit from the Great Lakes monitoring program, which is the most
conservative criterion applied within the FTMP for the protection of human consumers. Potential
risks to human consumers is discussed in more detail in the HHRA which uses the contaminant of
concern (COC) concentrations (i.e., PCBs, dioxins, and furans) measured in brook trout tissue
during the FTMP to assess risks to human consumers of brook trout from Chrystina Lake and Edith
Lake. The 2023 HHRA report detailing the methods, results, conclusions, and recommendations of
the HHRA has been prepared by Worley Consulting and is provided in Appendix E.



317011-00057-00-EN-REP-00001_2023 SHTC FTMP Summary_R0 25

Elevated PCB concentrations from 2021 to 2023 have resulted in higher PCB accumulation rate
estimates from the reconstructed life history analysis in both lakes. This is reflected in higher
accumulation rates in the 2018, 2019, and 2020 cohorts in Chrystina Lake in particular. The
collection of older fish (>3+ years old) continues to be a challenge in Chrystina Lake and has led
to short life-history reconstructions for these cohorts as well. Edith Lake extended the life histories
for the 2017, 2019, and 2020 cohorts and it is notable that the shortest recent cohort (2020) from
Edith also has the highest PCB accumulation rate. Overall, the PCB accumulation rates in Edith
Lake since 2010 continue to decline.



317011-00057-00-EN-REP-00001_2023 SHTC FTMP Summary_R0 26

5. Monitoring Recommendations

The 2024 monitoring program is the next scheduled year for the expanded monitoring program
and its intent is to expand monitoring activities to ensure the standard program is sufficient to
capture potential impacts from the facility operations. Consequently, the following
recommendations include an expanded scope for the FTMP in 2024.

Patterns of accumulation in tissue using reconstructed life-histories are limited by the short time
span of each cohort and small sample size of analytical results within age classes. However,
results have been consistent with other analyses performed as part of the FTMP over time,
therefore:

Fish tissue results will continue to be compared with guidelines and interpreted using improved
reconstructed life-histories to work towards better characterizing changes in the rate of PCB
accumulation in Chrystina Lake brook trout.

Accurate brook trout aging is an essential component of the reconstructed life-histories analysis
for assessing contaminant accumulation as part of the FTMP, has improved our understanding of
brook trout life span in Chrystina and Edith lakes, and ensures that new monitoring data is
comparable with historical results. Traditional aging methods have been unreliable during previous
monitoring activities and FL does not provide reliable age estimates given considerable overlap in
size between age classes (Section 2.2) therefore:

The program will continue to make use of CWTs to ensure accurate aging of fish captured.

Expanded program – A fish head collection program will be developed through community and
regulator engagement to increase the quantity of CWTs retrieved from stocked brook trout and
provide an improved understanding of the age distribution of brook trout in Chrystina Lake and
Edith Lake.

The average PCB concentrations measured in Edith Lake brook trout have resulted in TEQ
estimates consistently below the CCME (2001b) guideline and accumulation rate estimates have
been low apart from the 2020 cohort. Older brook trout captured from Edith Lake in 2023 also
suggest that fish are not accumulating high PCB concentrations over longer time periods,
therefore:

A detailed analysis of historical data will be completed in 2024 to confirm low PCB concentrations
in the lake and determine if biannual sampling of Edith Lake would be more effective for the
monitoring program in upcoming standard years.
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6. Closure

We trust that this report satisfies your current requirements and provides suitable documentation
for your records. If you have any questions or require further details, please contact the
undersigned at any time.

Report Prepared by:

Alexandra Von Albedyhll, B.Sc., BIT.
Aquatic Ecologist

Senior Review by:

Graham Young, M.Sc., P.Biol., R.P.Bio   Geetha Ramesh, PhD., P.Biol., R.P.Bio
Senior Fish Biologist         Principal Aquatic Toxicologist

Environment and Water
Worley Consulting
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Table 1

Analytical Schedule For Brook Trout Tissue Residue Analysis of 2023 Samples
Project No.: 317011-00057

Trace Metals
Polychlorinated Biphenyls 
(EPA Method 1668C)

Dibenzo-Ȏ-dioxins and Dibenzofurans 
(EPA Method 16130)

Aluminum Total Polychlorinated Biphenyls - Homologue Groups2,3,7,8-TCDD
Antimony 1,2,3,7,8-PeCDD
Arsenic Congener Specific Polychlorinated Biphenyls1,2,3,4,7,8-HxCDD
Barium 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12/13, 14, 15, 16, 17, 18/30, 19, 20/28, 21/33,1,2,3,6,7,8-HxCDD
Beryllium 22, 23, 24, 25, 26/29, 27, 31, 32, 34, 35, 36, 37, 38, 39, 40/41/71, 421,2,3,7,8,9-HxCDD
Cadmium 43, 44/47/65, 45/51, 46, 48, 49/69, 50/53, 52, 54, 55, 56, 57, 58, 59/62/75,1,2,3,4,6,7,8-HpCDD
Calcium 60, 61/70/74/76, 63, 64, 66, 67, 68, 72, 73, 77, 78, 79, 80, 81, 82, 83/99, 84OCDD
Chromium   85/116/117/110/115, 86/87/97/109/119/125, 88/91, 89, 90/101/113, 92,
Cobalt  93/98/100/102, 94, 95, 96, 103, 104, 105, 106, 107, 108/124, 111, 112, 114, 1182,3,7,8-TeCDF
Copper  120, 121, 122, 123, 126, 127, 128/166,129/138/163, 1,2,3,7,8-PeCDF
Iron 130, 131, 132, 133, 134/143, 135/151, 136, 137/164, 139/140, 141, 1422,3,4,7,8-PeCDF
Lead 144, 145, 146, 147/149, 148, 150, 152, 153/168, 154, 155, 156/157, 158,1,2,3,4,7,8-HxCDF

Magnesium 159, 160, 161, 162, 165, 167, 169, 170, 171/173, 172, 174, 1751,2,3,6,7,8-HxCDF
Manganese 176, 177, 178, 179, 180/193, 181, 182, 183, 184, 185, 186, 187, 188, 189,1,2,3,7,8,9-HxCDF
Mercury 190, 191, 192, 194, 195, 196, 197, 198/199, 200, 201, 202, 203, 2042,3,4,6,7,8-HxCDF

Molybdenum 205, 206, 207, 208, 209 1,2,3,4,6,7,8-HpCDF
Nickel 1,2,3,4,7,8,9-HpCDF

Phosphorus Lipid Content OCDF
Potassium
Selenium
Silver
Sodium
Thallium
Uranium
Vanadium
Zinc

Notes:1. Superscript 1 - Dibenzo-Ȏ-dioxins (Dioxins) and Dibenzofurans (Furans) were analyzed by GC/MSMS using EPA method 16130 which 
includes analysis of coplanar PCBs 77, 81, 126 and 169. 
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Table 2

Fish Tissue Guidelines
Project #: 317011-00057

Parameter Units
SETAC  (1999) 

Threshold1

GOA 

(2018)2

Health Canada 
Maximum 

Levels3

CCME  (2001) 
Tissue Residue 

Guideline4

Great Lakes Sport 
Fish Advisory 

(1993)5

OMOECC 

(2015)5

 TEQ Tissue Residue 

Benchmarks (TRB)6

Aluminum mg/kg 1.2 --- --- --- --- --- ---

Antimony mg/kg 5 --- --- --- --- --- ---

Arsenic mg/kg 2.6 --- 3.5 --- --- --- ---

Cadmium mg/kg 0.02 --- --- --- --- --- ---

Chromium mg/kg 0.58 --- --- --- --- --- ---

Copper mg/kg 3.4 --- --- --- --- --- ---

Lead mg/kg 0.34 --- 0.5 --- --- --- ---

Mercury mg/kg 0.7 --- 0.5 --- --- --- ---

Methyl mercury mg/kg 3.4 --- --- --- --- --- ---

Nickel mg/kg 0.82 --- --- --- --- --- ---

Selenium mg/kg 0.25 4* --- --- --- --- ---

Zinc mg/kg 4.5 --- --- --- --- --- ---

2,3,7,8 - TCDD (Dioxin)pg/g --- --- 20 --- --- --- ---

Total PCBs Ög/g --- --- (under review) ---
Unrestricted - 0.05
High - 0.20

0.105 ---

PCB-Based TEQ (PCBs)pg TEQ/g ww --- --- --- 0.79 --- --- ---
Total TEQ (PCDDs and PCDFs)pg TEQ/g ww --- --- --- 0.71 --- --- ---

Total TEQ (PCDDs, PCDFs, PCBs) ng TEQ/g lw--- --- --- --- --- ---
TRB99 - 0.057
TRB95 - 0.321
TRB90 - 0.699

Notes:1. Superscript 1 - Society of Environmental Toxicology and Chemistry (SETAC), 1999. Jarvinen, A.W. and G.T. Ankley. 1998. Linkage of Effects to Tissue Residues: 
Development of a Comprehensive Database for Aquatic Organisms. Exposed to Inorganic and Organic Chemicals; Trace metals compiled in WorleyParsons 2010).
2. Superscript 2 - Government of Alberta. 2018. Environmental Quality Guidelines for Alberta Surface Waters. Water Policy Branch, AEP. Edmonton, Alberta.
3. Superscript 3 - Maximum Levels (ML) prescribed in the List of Contaminants and Other Adulterating Substances in Foods (Health Canada 2022)
and the List of Maximum Levels for Various Chemical Contaminants in Foods (Health Canada 2020).
4. Superscript 4 - CCME Tissue Residue Guideline (2001) - CCME Canadian Tissue Residue Guidelines for the Protection of wildlife Consumers of Aquatic Biota,
(CCME, 1999 and updated 2001).
5. Superscript 5 - Consumption advisory limits for total PCBs in the Great Lakes region including limits for unrestricted consumers (225 meals/year) and high 
frequency consumers (1 meal/week) from the Protocol for a Uniform Great Lakes Sport Fish Consumption Advisory  (GLSFCATF 1993). Ontario consumption limit
adopted from the Guide to Eating Ontario Fish 2015-2016  (Ontario Ministry of the Environment and Climate Change [OMOECC] 2015).
6. Superscript 6 - Tissue Residue Benchmarks (TRB) calculated to protect 90% (TRB90), 95% (TRB95), and 99% (TRB99) of fish species present.  Steevens et al 2005  
A Methodology for Deriving Tissue Residue Benchmarks for Aquatic Biota: A Case Study for Fish Exposed to TCDD and Equivalents.
7. --- indicates no guideline or threshold.
8. * indicates the GOA (2018) guideline for selenium is an interim guideline based on the dry weight tissue concentration
9. Environments where both PCBs, polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) contribute significantly to TEQs in 
aquatic biota, it is recommended to use the Total Dioxin-Like TEQ guideline of 0.71 pg TEQ/g which is lower than the Total PCB TEQ guideline of 0.79 pg TEQ/g.
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Table 3

Physical Parameters of Fish Obtained from Chrystina Lake and  Edith Lake
 in 2023 

Project Number: 317011-00057

Collection Date
Fish ID 
#

Age Sample ID
Sample 
Type

Fork Length Total Length Weight
Fulton's Condition 

Factor
Stomach Contents Comments

(d/m/yr) (mm) (mm) (g)

Chrystina Lake (W 08-67-08 W5M)
Brook Trout 13-Sep-231 2 CHBKTR2+ Composite 305 320 364.0 1.28dragonfly nymph

13-Sep-23 2 --- CHBKTR UNK A Individual 388 409 601.0 1.031 decomp fish

13-Sep-23 3 1 CHBKTR 1+ Composite 243 251 198.0 1.386 brst. 2 flat worms

13-Sep-23 4 2 CHBKTR2+ Composite 316 327 311.0 0.99decomp boatmen

13-Sep-23 5 --- CHBKTR UNK B Individual 378 389 698.0 1.2950 boatmen

13-Sep-23 6 --- --- Archived 252 260 194.0 1.212 BRST

13-Sep-23 7 1 --- Archived 257 269 230.0 1.35a few boatmen

13-Sep-23 8 2 CHBKTR2+ Composite 348 366 518.0 1.23empty

13-Sep-23 9 --- --- Archived 265 271 235.0 1.2610 backswimmers

13-Sep-23 10 3 CHBKTR3+ Composite 365 381 541.0 1.111 boatman

13-Sep-23 11 1 CHBKTR 1+ Composite 275 283 225.0 1.083 backswimmers

13-Sep-23 12 2 --- Archived 316 330 439.0 1.39 10 backswimmers

13-Sep-23 13 1 --- Archived 256 261 221.0 1.321 boatman

13-Sep-23 14 3 CHBKTR3+ Composite 381 394 718.0 1.3030+ boatmen

13-Sep-23 15 2 CHBKTR2+ Composite 325 345 440.0 1.2810 backswimmers

13-Sep-23 16 1 --- Archived 240 250 166.0 1.2020 backswimmers

13-Sep-23 17 1 --- Archived 280 289 280.0 1.282 backswimmer, damsel fly

13-Sep-23 18 3 --- Archived 358 377 503.0 1.102 white sucker, flatworm

13-Sep-23 19 3 CHBKTR3+ Composite 340 353 156.0 0.4040+ backswimmers

13-Sep-23 20 1 --- Archived 284 290 315.0 1.38
3 brook stickleback, 2 
backswimmers

13-Sep-23 21 2 --- Archived 322 337 380.0 1.141 shrew and 3 backswimmers

13-Sep-23 22 --- --- Archived 263 278 197.0 1.08~20 backswimmers

13-Sep-23 23 1 CHBKTR 1+ Composite 233 245 155.0 1.232 brook stickleback Damaged/half CWT

13-Sep-23 24 1 --- Archived 246 256 185.0 1.24highly decomposed forage fishnotably large gall bladder

13-Sep-23 25 3 CHBKTR3+ Composite 342 360 501.0 1.25~10 backswimmers some highly reduced egg sacs present

13-Sep-23 26 3 CHBKTR3+ Composite 351 360 504.0 1.17~10 backswimmers

13-Sep-23 27 1 CHBKTR 1+ Composite 240 252 176.0 1.27
a few boatmen and 
backswimmers

13-Sep-23 28 2 --- Archived 345 362 512.0 1.25empty worm found inside fish

13-Sep-23 29 2 CHBKTR2+ Composite 331 350 510.0 1.41
1 diving water beetle and a few 

backswimmers

13-Sep-23 30 2 --- Archived 320 340 407.0 1.24~30 backswimmers and boatmen very little bile

13-Sep-23 31 --- --- Archived 260 271 198.0 1.13emptybroke gal bladder when removing liver                                                                                                                                                                                                                                                               

13-Sep-23 32 --- --- Archived 244 251 180.0 1.24empty

13-Sep-23 33 1 CHBKTR 1+ Composite 277 285 230.0 1.08empty

Average 301 314 348 1.20
White Sucker 13-Sep-23 1 --- 270 290 166 0.84

13-Sep-23 2 --- 260 278 232 1.32 Eggs present suggesting sexual maturity
13-Sep-23 3 --- 285 306 258 1.11
13-Sep-23 4 --- 210 230 111 1.20
13-Sep-23 5 --- 271 293 250 1.26
13-Sep-23 6 --- 284 305 242 1.06
13-Sep-23 7 --- 270 289 232 1.18
13-Sep-23 8 --- 241 260 166 1.19
13-Sep-23 9 --- 241 257 188 1.34
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Table 3

Physical Parameters of Fish Obtained from Chrystina Lake and  Edith Lake
 in 2023 

Project Number: 317011-00057

Collection Date
Fish ID 
#

Age Sample ID
Sample 
Type

Fork Length Total Length Weight
Fulton's Condition 

Factor
Stomach Contents Comments

(d/m/yr) (mm) (mm) (g)

13-Sep-23 10 --- 246 269 169 1.14
13-Sep-23 11 --- 231 249 251 2.04
13-Sep-23 12 --- 221 237 140 1.30

Average 253 272 200 1.25

Edith Lake (NE 13-67-10 W5M)
Brook Trout 14-Sep-231 3 EDBKTR3+ Composite 355 381 573 1.2850+ boatman

14-Sep-23 2 4 EDBKTR4+ Composite 355 371 486 1.09 50+ boatmen
14-Sep-23 3 2 EDBKTR2+ Composite 280 292 256 1.17
14-Sep-23 4 3 EDBKTR3+ Composite 319 340 425 1.31
14-Sep-23 5 1 EDBKTR1+ Composite 253 261 196 1.21 50+ boatman
14-Sep-23 6 --- --- Archived 224 232 123 1.09 seeds, 1 boatman
14-Sep-23 7 2 EDBKTR2+ Composite 265 279 223 1.20 50+ boatmen
14-Sep-23 8 4 EDBKTR4+ Composite 316 333 224 0.71 empty large gall bladder, popped on liver during removal
14-Sep-23 9 3 EDBKTR3+ Composite 319 334 429 1.32 boatmen 50+

14-Sep-23 10 3 EDBKTR3+ Composite 325 340 412 1.20boatmen 50+

14-Sep-23 11 3 --- Archived 328 342 435 1.23boatmen 50+ code on tag 130111. liver nicked and small piece removed

14-Sep-23 12 4 EDBKTR4+ Composite 349 364 451 1.06 backswimmers 50+ erupted gall bladder
14-Sep-23 13 6 EDBKTR6+ Composite 350 369 610 1.42 perch, boatman
14-Sep-23 14 3 --- Archived 315 330 350 1.12 20+ boatmen erupted gall bladder
14-Sep-23 15 2 EDBKTR2+ Composite 308 323 326 1.12 a few boatmen
14-Sep-23 16 1 EDBKTR1+ Composite 249 255 188 1.22 20 boatmen
14-Sep-23 17 3 --- Archived 313 327 348 1.13 50+ boatmen some highly reduced egg sacs present
14-Sep-23 18 6 EDBKTR6+ Composite 380 400 645 1.18
14-Sep-23 19 3 --- Archived 315 330 324 1.04 10 boatmen
14-Sep-23 20 4 EDBKTR4+ Composite 350 364 504 1.18 50+ boatmen some reduced eggs prsent
14-Sep-23 21 6 EDBKTR6+ Composite 369 383 589 1.17 empty
14-Sep-23 22 3 EDBKTR3+ Composite 340 359 447 1.14 20+ boatmen coded tag 130111
14-Sep-23 23 --- --- Archived 266 285 258 1.37 50+ boatmen
14-Sep-23 24 4 EDBKTR4+ Composite 368 380 610 1.22 50+ boatmen
14-Sep-23 25 --- --- Archived 333 352 436 1.18 boatmen 20+
14-Sep-23 26 --- --- Archived 341 360 504 1.27 boatmen 50+
14-Sep-23 27 --- --- Archived 238 249 137 1.02 boatmen
14-Sep-23 28 --- --- Archived 222 230 114 1.04 1 backswimmer

Average 312 327 379 1.17
Notes: 1. --- indicates parameter not analysed.

2. Archived fish were not sent for laboratory analysis and have been stored for potential future use.
3. Sample ID - Refers to the laboratory analysis identifier used for each sample during chemical analysis.
4. Reported fish age is based on the year each fish was stocked as determined by coded wire tag (CWT) retrieval
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Table 4

Project Number: 317011-00057

Congener WHO Toxicity Equivalence Factor - Mammals 1

Coplanar ("Dioxin-Like") PCB Congeners

Non-ortho Substituted
77 0.0001
81 0.0003
126 0.1
169 0.03

Mono-ortho Substituted
105 0.00003
114 0.00003
118 0.00003
123 0.00003
156 0.00003
157 0.00003
167 0.00003
189 0.00003
 
Dioxin Congeners

2,3,7,8-TCDD 1
1,2,3,7,8-PeCDD 1
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
OCDD 0.0003

Furan Congeners

2,3,7,8-TCDF 0.1
1,2,3,7,8-PeCDF 0.03
2,3,4,7,8-PeCDF 0.3
1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDF 0.1
2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.0003

NOTE:

Toxicity Equivalence Factors for Polychlorinated Dibenzodioxin, Polychlorinated Dibenzofuran and 
Coplanar Polychlorinated Biphenyl Congeners 

1. 2006 World Health Organization - Re-evaluation of Human and Mammalian TEFs for Dioxins and Dioxin-like Compounds (Van den 
Berg et al.)

PCDD/PCDF and Coplanar PCB toxicity equivalent is determined by multiplying the measured concentration by the corresponding 
toxicity factor.
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Table 5

Trace Metal Concentrations in Fish Tissue: 2023 Historical ComparisonsPROJECT NO.: 317011-00057  

Health 
Canada 
(2020a, 
2020b)

SETAC 
1999

Minimum Mean Maximum Total Count % Detections Minimum Mean Maximum Total Count % Detections Minimum Mean Maximum Total Count % Detections

Aluminum (mg/kg) --- 1.2< 0.2 39.50 320.0 20 90 < 0.40<0.2 10.8 160.0 3282 0.46 <0.2 5.7 100.0 3670 < 0.40

Antimony (mg/kg) --- 5< 0.001--- 1.000 20 10 < 0.0020<0.001 --- 1.000 32 6 < 0.002<0.001 --- 1.180 36 19 < 0.0020

Arsenic (mg/kg) 3.5 2.6< 0.01 0.20 1 20 80 0.0515< 0.01 0.12 1 3267 0.0132 0.009 0.174611111 1.9 3673 0.0077

Barium (mg/kg) --- ---0.1 1.88 12 20 90 0.280 <0.01 1.62 32 3285 0.219 < 0.03 1.09 15 3686 0.124

Beryllium (mg/kg) --- ---< 0.001--- 0.4 20 5 < 0.0020< 0.001 --- 0.6 32 9 < 0.002< 0.001 --- 1 36 8 < 0.0020

Boron (mg/kg) --- ---< 0.2 --- <5 20 0 < 0.20 <0.01 --- 5 32 15 < 0.2 < 0.2 --- 3 36 11 < 0.20

Cadmium (mg/kg) --- 0.02< 0.001--- 0.7 20 20 < 0.0010< 0.001 --- 0.2 32 6 < 0.001< 0.001 --- 0.8 36 11 < 0.0010

Calcium (mg/kg) --- ---421 1038 3610 20 100 624 154 777 2850 30100 485 139 677 2150 35100 342

Chromium (mg/kg) --- 0.580.03 0.66 2.9 20 75 0.013 0.018 0.724 7.23 3282 < 0.010 0.015 0.627 5.85 3678 < 0.010

Cobalt (mg/kg) --- ---0.004 0.2865 3.2 20 70 0.02190.0049 0.1892 2.4 3270 0.0084 0.005 0.2599 2.6 3681 0.0156

Copper (mg/kg) --- 3.40.22 1.27 6.7 20 90 0.444 0.266 1.251 8.4 3297 0.267 0.2 1.660 24.2 3697 0.461

Iron (mg/kg) --- ---4 30.8 200 20 100 4.41 3 11.6 68 30 97 3.16 4 11.4 47 35 100 5.59

Lead (mg/kg) 0.5 0.34< 0.0020.56 7 20 70 0.00960.0012 --- 1 32 42 0.0171< 0.001 0.392963889 3 3657 < 0.0040

Magnesium (mg/kg) --- ---256 461 1320 20 100 309 195 412 1840 32100 341 206 407 1300 36100 291

Manganese (mg/kg) --- ---0.13 1.47 10 20 90 0.22 0.11 0.66 10 3291 0.21 0.1 0.70 10 3686 0.12

Mercury (mg/kg) 0.5 0.70.04860.0887 0.31 20 95 0.0336 0.04 0.1377 0.37 32100 0.118 0.05 0.1920 0.95 3697 0.136

Molybdenum (mg/kg) --- ---< 0.004--- 3.4 20 35 0.0041< 0.004 --- <1 32 27 < 0.0040< 0.004 --- 2 36 22 < 0.0040

Nickel (mg/kg) --- 0.82< 0.01 --- 5.3 20 35 < 0.040< 0.01 --- 5.2 32 33 < 0.040< 0.01 --- 5.7 36 46 < 0.040

Phosphorus (mg/kg) --- ---2230 4279 12800 20 100 2800 2000 3819 15500 32100 2840 2120 3722 11500 36100 2550

Potassium (mg/kg) --- ---3670 6427 18900 20 100 4170 3440 6277 27900 30100 4390 3740 5989 19100 35100 4080

Selenium (mg/kg) --- 0.25< 0.01 0.21 0.5 20 85 0.208 < 0.01 0.24 1.8 3279 0.180 0.01 0.24 1.3 3678 0.146

Silver (mg/kg) --- ---< 0.001--- < 1 18 0 < 0.0010< 0.001 --- 2.0 30 10 < 0.0010< 0.001 --- < 1 34 3 < 0.0010

Sodium (mg/kg) --- ---335 674 2160 20 100 382 293 628 3190 30100 322 269 615 2230 35100 407

Thallium (mg/kg) --- ---0.001620.062670.3 18 78 0.003280.0018 0.06465 0.3 2970 0.002440.00174 0.08841 1.4 3474 0.00225

Uranium (mg/kg) --- ---< 0.0004--- 10 20 15 < 0.0040< 0.0004--- < 50 29 7 < 0.0040< 0.0004 --- < 50 34 11 < 0.0040

Vanadium (mg/kg) --- ---< 0.02 --- 2.1 20 10 < 0.020< 0.02 --- 1.2 32 12 < 0.020< 0.02 --- 1.3 36 14 < 0.020

Zinc (mg/kg) --- 4.56.33 14.25 41.8 20 100 9.65 5.08 12.8653125 45.1 32100 9.35 4.31 11.71029412 32.3 36100 5.90

Notes1. --- in guideline row(s) denotes no criteria for that parameter.

2. --- in detail data row(s) denotes parameter not analyzed.

3. For historical data sets with <49% detections, median value was not computed. For datasets with >50% detections, all values (including non-detects, at RDL) were used to compute mean.
4. Highlighting indicates parameters above applied guideline/criteria.

         - Maximum Levels (ML) prescribed in the List of Contaminants and Other Adulterating Substances in Foods (Health Canada 2020a) and the 

          List of Maximum Levels for Various Chemical Contaminants in Foods (Health Canada 2020b).

         - (Society of Environmental Toxicology and Chemistry (SETAC), 1999. Jarvinen, A.W. and G.T. Ankley. 1999. 

          Linkage of Effects to Tissue Residues: Development of a Comprehensive Database for Aquatic Organisms.

          Exposed to Inorganic and Organic Chemicals. Pensicola, FL.).

5. Bold text indicates that the measurement is above the previous historical maximum for the associated variable.

6. Italic font indicates that the measurement is below the previous historical minimum for the associated variable.

Historical (1985 - 2022)

2023

Historical (1985 - 2022)

2023

Historical (1985 - 2021)

Chrystina Lake Brook Trout Age Class 3+

2023

Trace Metal Units

Guidelines
Chrystina Lake Brook Trout Age Class 1+ Chrystina Lake Brook Trout Age Class 2+
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Table 5

Trace Metal Concentrations in Fish Tissue: 2023 Historical ComparisonsPROJECT NO.: 317011-00057

Health 
Canada 
(2020a, 
2020b)

SETAC 
1999

Aluminum (mg/kg) --- 1.2

Antimony (mg/kg) --- 5

Arsenic (mg/kg) 3.5 2.6

Barium (mg/kg) --- ---

Beryllium (mg/kg) --- ---

Boron (mg/kg) --- ---

Cadmium (mg/kg) --- 0.02

Calcium (mg/kg) --- ---

Chromium (mg/kg) --- 0.58

Cobalt (mg/kg) --- ---

Copper (mg/kg) --- 3.4

Iron (mg/kg) --- ---

Lead (mg/kg) 0.5 0.34

Magnesium (mg/kg) --- ---

Manganese (mg/kg) --- ---

Mercury (mg/kg) 0.5 0.7

Molybdenum (mg/kg) --- ---

Nickel (mg/kg) --- 0.82

Phosphorus (mg/kg) --- ---

Potassium (mg/kg) --- ---

Selenium (mg/kg) --- 0.25

Silver (mg/kg) --- ---

Sodium (mg/kg) --- ---

Thallium (mg/kg) --- ---

Uranium (mg/kg) --- ---

Vanadium (mg/kg) --- ---

Zinc (mg/kg) --- 4.5

Notes

Trace Metal Units

Guidelines

Minimum Mean Maximum Total Count % Detections Minimum Mean Maximum Total Count % Detections Minimum Mean Maximum Total Count % Detections

<0.2 3.6 13.0 2060 <0.2 --- 67.0 19 47 <0.2 208.2 2580.0 1393 0.65

<0.001 --- < 1 20 15 <0.001 --- 1.110 19 5 <0.001 --- < 1 13 7 < 0.0020

0.0051 0.30098 3.6 2050 < 0.005 --- < 1 19 21 0.0132 0.2704 1 1393 0.218

<0.01 1.58 15 2070 < 0.1 --- < 10 19 42 0.05 1.00 10 1393 0.245

< 0.001 --- 0.7 20 10 < 0.002 --- 0.7 19 11 < 0.001 --- < 0.4 13 0 < 0.0020

< 0.01 --- 2 20 0 < 0.1 --- 9 19 11 < 0.2 --- 10 13 7 < 0.20

< 0.001 --- 0.3 20 5 < 0.001 --- < 0.1 19 5 < 0.001 --- < 0.1 13 0 < 0.0010

280 533 1200 19100 129 645 4480 17100 296 897 3290 13100 493

< 0.04 0.632 3.3 2075 0.063 --- 1 19 47 < 0.04 0.287 1 1371 < 0.010

0.0044 0.3125 2 2075 0.0053 --- 2.4 19 32 0.0087 0.0887 1 1393 0.0154

0.02 1.583 9.5 2090 0.255 1.787 6.6 1974 0.32 0.802 5 1393 0.379

5 11.5 41 19 95 3 12.0 56.1 1782 4 8.0 26.4 13 93 4.71

< 0.001 0.51832 3 2055 < 0.002 --- 3 19 21 < 0.0019 0.0490 0.5 1393 0.0049

275 447 1200 20100 232 383 1225 19100 276 306 366 13 100 301

< 0.08 0.73 < 10 2075 < 0.075 1.91 < 10 1958 0.21 2.53 17.6 1393 0.44

0.08 0.2541 0.81 20100 0.08 0.2038 0.47 19100 0.0213 0.0536 0.247 1393 0.0293

< 0.004 --- 1.1 20 30 < 0.004 --- 2.4 19 16 < 0.004 0.039 0.4 1329 < 0.0040

< 0.01 2.17885 31.5 2065 < 0.01 --- 10.4 19 16 < 0.01 0.16 1 1350 < 0.040

1990 3968 10300 20100 1700 3438 10200 19100 2280 2896 4340 13100 2540

3300 6637 17700 19100 3180 5463 15700 17100 3700 4153 4520 13100 4230

< 0.01 0.33 2 2065 < 0.05 --- < 1 19 26 0.144 0.28 0.5 1393 0.248

< 0.001 --- 1 20 10 < 0.001 --- < 1 19 5 < 0.001 --- < 1 13 0 < 0.0010

366 684 1910 19100 333 594 1830 17100 424 483 572 13 100 429

0.00185 0.07852 0.3 2065 0.00142 --- 0.3 18 39 0.00183 0.02515 0.3 1393 0.00204

< 0.0004 --- 50 19 5 < 0.0004 --- 50 17 6 < 0.0004 --- < 1 13 14 < 0.0040

< 0.02 --- 1.1 20 20 < 0.02 --- 1.3 19 16 < 0.02 --- < 1 13 7 < 0.020

4.75 10.94166667 24.5 20100 4.7 10.38263158 31.2 1995 5.81 9.175384615 16 13100 8.05

1. --- in guideline row(s) denotes no criteria for that parameter.

2. --- in detail data row(s) denotes parameter not analyzed.

3. For historical data sets with <49% detections, median value was not computed. For datasets with >50% detections, all values (including non-detects, at RDL) were used to compute mean.
4. Highlighting indicates parameters above applied guideline/criteria.

         - Maximum Levels (ML) prescribed in the List of Contaminants and Other Adulterating Substances in Foods (Health Canada 2020a) and the 

          List of Maximum Levels for Various Chemical Contaminants in Foods (Health Canada 2020b).

         - (Society of Environmental Toxicology and Chemistry (SETAC), 1999. Jarvinen, A.W. and G.T. Ankley. 1999. 

          Linkage of Effects to Tissue Residues: Development of a Comprehensive Database for Aquatic Organisms.

          Exposed to Inorganic and Organic Chemicals. Pensicola, FL.).

5. Bold text indicates that the measurement is above the previous historical maximum for the associated variable.

6. Italic font indicates that the measurement is below the previous historical minimum for the associated variable.

Historical (2009 - 2022)

Chrystina Lake Brook Trout Age Class 4+ Chrystina Lake Brook Trout Age Class 5+

2023

Historical (1987 - 2021) Historical (1987 - 2021)

Edith Lake Brook Trout Age Class 1+
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Table 5

Trace Metal Concentrations in Fish Tissue: 2023 Historical ComparisonsPROJECT NO.: 317011-00057

Health 
Canada 
(2020a, 
2020b)

SETAC 
1999

Aluminum (mg/kg) --- 1.2

Antimony (mg/kg) --- 5

Arsenic (mg/kg) 3.5 2.6

Barium (mg/kg) --- ---

Beryllium (mg/kg) --- ---

Boron (mg/kg) --- ---

Cadmium (mg/kg) --- 0.02

Calcium (mg/kg) --- ---

Chromium (mg/kg) --- 0.58

Cobalt (mg/kg) --- ---

Copper (mg/kg) --- 3.4

Iron (mg/kg) --- ---

Lead (mg/kg) 0.5 0.34

Magnesium (mg/kg) --- ---

Manganese (mg/kg) --- ---

Mercury (mg/kg) 0.5 0.7

Molybdenum (mg/kg) --- ---

Nickel (mg/kg) --- 0.82

Phosphorus (mg/kg) --- ---

Potassium (mg/kg) --- ---

Selenium (mg/kg) --- 0.25

Silver (mg/kg) --- ---

Sodium (mg/kg) --- ---

Thallium (mg/kg) --- ---

Uranium (mg/kg) --- ---

Vanadium (mg/kg) --- ---

Zinc (mg/kg) --- 4.5

Notes

Trace Metal Units

Guidelines

Minimum Mean Maximum Total Count % Detections Minimum Mean Maximum
Total 
Count

% Detections

<0.2 10.4 130.0 1772 < 0.40 <0.2 1.9 26.6 2177 < 0.40 < 0.40

<0.001 --- < 1 17 0 < 0.0020<0.001 --- < 0.002 21 0 < 0.0020 < 0.0020

< 0.01 0.09 1 1789 0.05270.0054 0.018152381 0.0789 2191 0.0042 0.0099

0.03 0.88 10 1794 0.319 0.08 0.29 0.639 21100 0.270 0.282

< 0.001 --- < 0.4 17 0 < 0.0020< 0.001 --- < 0.02 21 0 < 0.0020 < 0.0020

< 0.2 --- < 2 17 0 < 0.20 < 0.2 --- < 0.4 21 0 < 0.20 < 0.20

< 0.001 --- < 0.1 17 6 < 0.0010< 0.001 --- < 0.002 21 0 < 0.0010 < 0.0010

167 695 1640 17100 754 348 701 2110 21100 494 514

0.025 0.290 1.17 1778 < 0.010 < 0.04 0.212 0.847 2186 < 0.010 < 0.010

< 0.004 0.0796 <1 1789 0.01060.0041 0.0117 0.032 21100 0.0092 0.134

0.251 0.571 5 1794 0.310 0.181 0.300 0.39 21100 0.327 0.383

4 7.3 14.1 17 100 4.15 5 7.1 12.2 21100 4.21 4.86

< 0.002 0.033 0.5 1767 < 0.0040< 0.002 0.003138095 0.0056 2168 < 0.0040 < 0.0040

283 315 374 17 100 333 273 309 390 21100 313 326

< 0.05 0.38 0.709 1794 0.48 0.18 0.38 0.75 21100 0.32 0.33

< 0.05 0.1375 0.37 1794 0.156 0.107 0.2021 0.303 21100 0.225 0.220

< 0.004 --- < 0.4 17 22 < 0.0040< 0.004 --- 0.0167 21 23 < 0.0040 < 0.0040

< 0.01 0.09 < 1 1756 < 0.040< 0.01 0.133142857 2.28 2164 < 0.040 0.056

2400 2966 3480 17100 2870 2240 2944 3750 21100 2660 2750

3760 4364 4920 17100 4500 3570 4282 4820 21100 4230 4290

0.123 0.20 < 0.5 1794 0.136 0.121 0.15 0.25 21100 0.111 0.119

< 0.001 --- <1 17 0 < 0.0010< 0.001 --- < 0.004 21 0 < 0.0010 < 0.0010

375 449 540 17 100 362 342 444 619 21100 374 394

0.00101 0.02009 0.3 1794 0.001550.00076 0.00234 0.00433 21100 0.00132 0.00144

< 0.0004 --- < 1 17 6 < 0.0040< 0.0004 --- < 0.004 21 5 < 0.0040 < 0.0040

< 0.02 --- < 1 17 0 < 0.020< 0.02 --- < 0.04 21 0 < 0.020 < 0.020

5.61 9.857647059 15 17100 10.3 5 8.234285714 14.6 21100 7.85 8.05

1. --- in guideline row(s) denotes no criteria for that parameter.

2. --- in detail data row(s) denotes parameter not analyzed.

3. For historical data sets with <49% detections, median value was not computed. For datasets with >50% detections, all values (including non-detects, at RDL) were used to compute mean.
4. Highlighting indicates parameters above applied guideline/criteria.

         - Maximum Levels (ML) prescribed in the List of Contaminants and Other Adulterating Substances in Foods (Health Canada 2020a) and the 

          List of Maximum Levels for Various Chemical Contaminants in Foods (Health Canada 2020b).

         - (Society of Environmental Toxicology and Chemistry (SETAC), 1999. Jarvinen, A.W. and G.T. Ankley. 1999. 

          Linkage of Effects to Tissue Residues: Development of a Comprehensive Database for Aquatic Organisms.

          Exposed to Inorganic and Organic Chemicals. Pensicola, FL.).

5. Bold text indicates that the measurement is above the previous historical maximum for the associated variable.

6. Italic font indicates that the measurement is below the previous historical minimum for the associated variable.

Historical (2010 - 2022)

2023 (DUP)

Edith Lake Brook Trout Age Class 3+  

Historical (2009 - 2022)

2023 2023

Edith Lake Brook Trout Age Class 2+  
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Table 5

Trace Metal Concentrations in Fish Tissue: 2023 Historical ComparisonsPROJECT NO.: 317011-00057

Health 
Canada 
(2020a, 
2020b)

SETAC 
1999

Aluminum (mg/kg) --- 1.2

Antimony (mg/kg) --- 5

Arsenic (mg/kg) 3.5 2.6

Barium (mg/kg) --- ---

Beryllium (mg/kg) --- ---

Boron (mg/kg) --- ---

Cadmium (mg/kg) --- 0.02

Calcium (mg/kg) --- ---

Chromium (mg/kg) --- 0.58

Cobalt (mg/kg) --- ---

Copper (mg/kg) --- 3.4

Iron (mg/kg) --- ---

Lead (mg/kg) 0.5 0.34

Magnesium (mg/kg) --- ---

Manganese (mg/kg) --- ---

Mercury (mg/kg) 0.5 0.7

Molybdenum (mg/kg) --- ---

Nickel (mg/kg) --- 0.82

Phosphorus (mg/kg) --- ---

Potassium (mg/kg) --- ---

Selenium (mg/kg) --- 0.25

Silver (mg/kg) --- ---

Sodium (mg/kg) --- ---

Thallium (mg/kg) --- ---

Uranium (mg/kg) --- ---

Vanadium (mg/kg) --- ---

Zinc (mg/kg) --- 4.5

Notes

Trace Metal Units

Guidelines
Edith Lake Brook 
Trout Age Class 6+

Minimum Mean Maximum Total Count % Detections Minimum Mean Maximum Total Count % Detections

<0.2 5.1 36.0 1563 < 0.40<0.2 8.3 43.0 9 56 < 0.40

<0.001 --- <1 15 0 < 0.0020<0.001 --- 1.000 9 0 < 0.0020

< 0.005 --- 2.4 15 44 0.0062< 0.005 --- < 1 9 22 0.0042

0.09 1.13 <10 1569 0.204 0.08 1.59 <10 9 78 0.303

< 0.001 --- 0.7 15 19 < 0.0020< 0.002 --- 0.8 9 11 < 0.0020

< 0.2 --- 2 15 13 < 0.20<0.2 --- 2.33 9 11 0.27

< 0.001 --- < 0.1 15 0 < 0.0010< 0.001 --- <0.1 9 0 < 0.0010

177 565 1380 15100 424 88 587 1600 9 100 853

< 0.04 0.428 < 1 1563 < 0.0100.032 --- < 1 9 44 < 0.010

< 0.004 0.3002 <1 1556 0.01390.004 --- < 1 9 44 0.0051

0.06 0.840 < 5 1588 0.460 0.193 1.203 < 5 978 0.254

4 11.4 58.9 1594 6.30 4.62 16.5 79.4 989 6.53

< 0.0014 0.803086667 <3 1550 0.0056< 0.002 --- < 3 9 44 0.0054

238 359 972 15 100 284 253.67 357 933 9 100 302

0.1 1.18 < 10 1588 0.26 0.14 1.71 10 9 67 0.32

0.06 0.2471 0.58 15100 0.2500.0419 0.3071 0.643 9100 0.386

0.0053 --- < 0.4 15 25 < 0.0040< 0.004 --- < 0.4 9 11 < 0.0040

< 0.01 --- < 2 15 25 < 0.040< 0.01 --- 2 9 33 < 0.040

2143.33 3270 8990 15100 2490 2070 3266 9030 9 100 2760

3610 5112 13800 15100 3980 3620 5168 13900 9 100 4120

0.096 0.46 1 1575 0.123 0.105 0.48 < 1 9 67 0.120

< 0.001 --- < 1 15 13 < 0.0010< 0.001 --- <1 9 0 < 0.0010

328 552 1620 15100 393 374 619 1840 9 100 430

0.00117 0.03338 0.3 1563 0.001350.001 0.04093 0.3 956 0.00196

< 0.0004 --- < 50 15 0 < 0.0040< 0.0004--- < 1 9 11 < 0.0040

< 0.02 --- < 1 15 6 < 0.020< 0.02 --- < 1 9 11 < 0.020

4.67 10.23866667 34.9 15100 11.8 3.9 12.55333333 49.6 9100 5.39

1. --- in guideline row(s) denotes no criteria for that parameter.

2. --- in detail data row(s) denotes parameter not analyzed.

3. For historical data sets with <49% detections, median value was not computed. For datasets with >50% detections, all values (including non-detects, at RDL) were used to compute mean.
4. Highlighting indicates parameters above applied guideline/criteria.

         - Maximum Levels (ML) prescribed in the List of Contaminants and Other Adulterating Substances in Foods (Health Canada 2020a) and the 

          List of Maximum Levels for Various Chemical Contaminants in Foods (Health Canada 2020b).

         - (Society of Environmental Toxicology and Chemistry (SETAC), 1999. Jarvinen, A.W. and G.T. Ankley. 1999. 

          Linkage of Effects to Tissue Residues: Development of a Comprehensive Database for Aquatic Organisms.

          Exposed to Inorganic and Organic Chemicals. Pensicola, FL.).

5. Bold text indicates that the measurement is above the previous historical maximum for the associated variable.

6. Italic font indicates that the measurement is below the previous historical minimum for the associated variable.

Edith Lake Brook Trout Age Class 5+

Historical (1998- 2021)Historical (1998- 2020)

Edith Lake Brook Trout Age Class 4+

20232023
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Table 6

Fish Tissue Results: Mann Kendall Trend Analysis for 
Chrystina Lake and Edith Lake (2010-2023)

PROJECT NO.: 317011-00057

Parameter Units Count Std. Dev.
Mann Kendall 
Statistic

P-Value
Frequency of 
Detection (%)

Chrystina Lake
Aluminum mg/kg 12 0.70 5 0.807 72
Arsenic mg/kg 12 0.02 11 0.541 95
Barium mg/kg 12 0.04 0 1.000 100
Chromium mg/kg 11 0.12 -29 0.029 98
Cobalt mg/kg 12 0.002 17 0.328 100
Copper mg/kg 12 0.37 5 0.807 100
Iron mg/kg 12 1.23 -29 0.087 100
Lead mg/kg 12 0.01 1 1.000 77
Manganese mg/kg 12 0.05 19 0.271 100
Mercury mg/kg 12 0.04 -11 0.541 100
Nickel mg/kg 12 0.10 -2 0.951 55
Selenium mg/kg 12 0.02 -7 0.714 100
Thallium mg/kg 12 0.0005 -13 0.463 100
Zinc mg/kg 12 1.62 -29 0.087 100
Total PCBs (wet weight)Ög/g 12 0.02 -35 0.038 ---
Total PCBs (lipid normalized)Ög/g 12 0.68 -27 0.112 ---
Total TEQ (wet weight)pg/g 12 0.64 -35 0.038 ---
Total TEQ (lipid normalized)ng/g 12 0.02 -25 0.142 ---
Edith Lake
Aluminum mg/kg 12 2.10 8 0.631 82
Arsenic mg/kg 12 0.03 22 0.150 84
Barium mg/kg 12 0.06 -6 0.732 100
Chromium mg/kg 11 0.16 -16 0.241 100
Cobalt mg/kg 12 0.01 10 0.537 93
Copper mg/kg 12 0.05 22 0.150 100
Iron mg/kg 12 1.63 -20 0.193 100
Lead mg/kg 12 0.00 2 0.945 81
Manganese mg/kg 12 0.84 16 0.304 100
Mercury mg/kg 12 0.04 -14 0.373 100
Nickel mg/kg 12 0.09 1 1.000 67
Selenium mg/kg 12 0.04 8 0.631 100
Thallium mg/kg 12 0.001 -4 0.837 100
Zinc mg/kg 12 1.24 -6 0.732 97
Total PCBs (wet weight)Ög/g 12 0.01 -50 0.001 ---
Total PCBs (lipid normalized)Ög/g 12 0.44 -48 0.001 ---
Total TEQ (wet weight)pg/g 12 0.63 -36 0.016 ---
Total TEQ (lipid normalized)ng/g 12 0.02 -30 0.047 ---

Notes:1. Parameters with <50% frequency of detection are not shown
2. Highlighting indicates a significant (ŭ=0.05) trend based on average annual concentrations
3. --- indicates associated parameter is calculated totals from polychlorinated biphenyls (PCBs), dioxins, and
furans with varying detection limits and percent detections. Refer to TEQ calculation section for details.
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Table 7
Total PCB Concentrations in Fish Tissue: 

Chrystina Lake and Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Sampling Location Date LIPID CONTENTTotal PCBLipid         Total PCB

(dd-mmm-yyyy) (%) (ҡg/g lw) (Ög/g ww)

Health Canada 2020a #1 --- --- 2.000
OMOECC 2015 --- --- 0.105
Great Lakes Unrestricted Consumption Advisory--- --- 0.050
Great Lakes High Consumption Advisory--- --- 0.200

Hatchery

Brook Trout 0+ 04-Oct-20063.9 0.14 0.006
11-Sep-20075.0 0.09 0.005
23-Jul-20085.5 0.05 0.003
11-Aug-20095.5 0.06 0.003
11-Aug-20103.2 0.09 0.003
01-Sep-20119.6 0.07 0.007
01-Sep-20126.5 0.09 0.006
01-Sep-20134.9 0.18 0.009
21-Sep-20145.5 0.09 0.005
22-Sep-20153.9 0.25 0.010
30-Aug-20163.4 0.15 0.005
30-Aug-20184.5 0.06 0.003
06-Sep-20193.9 0.05 0.002
26-Aug-20203.7 0.05 0.002
30-Sep-20214.9 0.01 0.0004
13-Oct-20223.9 0.27 0.011

Brook trout 1+ 13-Sep-20175.2 0.16 0.008

Chrystina Lake

Brook Trout 1+ 11-Aug-20093.4 0.27 0.009
01-Sep-20111.8 0.67 0.012
01-Sep-20124.0 0.87 0.035

 (Replicate A) 01-Sep-20131.5 0.48 0.007
 (Replicate B) 01-Sep-20132.1 0.38 0.008

23-Sep-20152.8 3.28 0.091
31-Aug-20162.1 0.54 0.011
12-Sep-20172.0 0.45 0.009
29-Aug-20182.8 0.27 0.008

 (Replicate A) 05-Sep-20191.7 0.50 0.009
 (Replicate B) 05-Sep-20192.1 0.46 0.010

25-Aug-20202.5 0.33 0.008
29-Sep-20213.0 0.81 0.024

  (Duplicate) 29-Sep-2021--- --- 0.024
12-Oct-20221.0 1.02 0.010
13-Sep-20231.5 0.39 0.006

Brook Trout 2+ 11-Aug-20092.9 1.29 0.037
11-Aug-20102.5 2.40 0.060
12-Aug-20101.8 7.17 0.129
01-Sep-20112.9 12.55 0.364

  (Duplicate) 01-Sep-20114.8 9.60 0.461
01-Sep-20122.4 1.18 0.028
01-Sep-20132.5 1.57 0.040
22-Sep-20143.2 1.20 0.039

 (Replicate A) 22-Sep-20141.6 0.91 0.015
 (Replicate B) 22-Sep-20143.9 0.42 0.017
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Table 7
Total PCB Concentrations in Fish Tissue: 

Chrystina Lake and Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Sampling Location Date LIPID CONTENTTotal PCBLipid         Total PCB

(dd-mmm-yyyy) (%) (ҡg/g lw) (Ög/g ww)

Health Canada 2020a #1 --- --- 2.000
OMOECC 2015 --- --- 0.105
Great Lakes Unrestricted Consumption Advisory--- --- 0.050
Great Lakes High Consumption Advisory--- --- 0.200

Chrystina Lake - Continued
23-Sep-2015 2.3 2.570.058
31-Aug-2016 2.8 1.840.052
12-Sep-2017 2.2 0.88 0.019

 (Replicate A) 12-Sep-2017 2.0 0.75 0.015
29-Aug-2018 3.2 0.91 0.029

 (Replicate A) 05-Sep-2019 3.2 0.47 0.015
 (Replicate B) 05-Sep-2019 3.8 0.45 0.017
 (Replicate A) 25-Aug-2020 3.8 0.46 0.017
 (Replicate B) 25-Aug-2020 2.5 0.60 0.015

29-Sep-2021 3.6 0.69 0.025
12-Oct-2022 2.1 2.24 0.046
13-Sep-2023 2.3 0.59 0.013

Brook Trout 3+ 04-Oct-2006 1.9 1.74 0.033
11-Aug-2010 2.9 1.64 0.048

  (Duplicate) 11-Aug-2010 2.7 1.73 0.047
 (Replicate A) 12-Aug-2010 2.4 3.120.075
 (Replicate A) 01-Sep-2012 2.2 0.83 0.018

  (Duplicate) 01-Sep-2012 2.1 0.83 0.017

 (Replicate B) 01-Sep-2012 3.1 0.34 0.011
 (Replicate C) 01-Sep-20132.3 0.90 0.021
 (Replicate D) 01-Sep-20131.7 1.36 0.024
 (Known (External Reference Material) Duplicate)01-Sep-2013 2.0 1.03 0.021

22-Sep-20142.9 1.88 0.054
  (Duplicate) 22-Sep-20142.9 1.86 0.053
 (Replicate A) 22-Sep-20143.2 0.66 0.021
 (Replicate B) 22-Sep-20141.3 2.58 0.033

23-Sep-2015 2.2 4.080.091
 (Replicate A) 31-Aug-2016 2.7 2.680.071

31-Aug-2016 3.0 3.310.098
  (Duplicate) 31-Aug-2016 3.0 3.160.095

12-Sep-2017 2.5 1.03 0.025
  (Duplicate) 12-Sep-2017 2.5 1.10 0.027

29-Aug-2018 3.4 0.86 0.029
  (Duplicate) 29-Aug-2018 3.2 0.85 0.027
  (Lab Duplicate) 29-Aug-2018 3.2 0.83 0.027

05-Sep-2019 5.2 0.49 0.026
  (Lab Duplicate) 05-Sep-2019 5.1 0.50 0.025

29-Sep-2021 1.8 1.00 0.018
  (Duplicate) 29-Sep-2021 2.5 1.76 0.044

12-Oct-2022 1.4 2.91 0.040
13-Sep-2023 1.9 1.52 0.028

Brook Trout 4+ 04-Oct-2006 2.3 5.870.135
01-Sep-2011 4.0 3.880.155
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Table 7
Total PCB Concentrations in Fish Tissue: 

Chrystina Lake and Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Sampling Location Date LIPID CONTENTTotal PCBLipid         Total PCB

(dd-mmm-yyyy) (%) (ҡg/g lw) (Ög/g ww)

Health Canada 2020a #1 --- --- 2.000
OMOECC 2015 --- --- 0.105
Great Lakes Unrestricted Consumption Advisory--- --- 0.050
Great Lakes High Consumption Advisory--- --- 0.200

Chrystina Lake - Continued
01-Sep-20133.4 3.72 0.127
22-Sep-20142.7 5.66 0.154

 (Replicate A) 23-Sep-2015 4.2 1.06 0.044
 (Replicate B) 23-Sep-2015 3.0 1.920.058

12-Sep-2017 2.9 1.48 0.042
 (Replicate A) 29-Aug-2018 4.0 1.610.064
 (Replicate B) 29-Aug-2018 2.7 1.35 0.037
 (Replicate C) 29-Aug-2018 3.7 0.93 0.035

25-Aug-2020 2.7 0.46 0.012
29-Sep-2021 1.9 1.38 0.026

Brook Trout 5+ 04-Oct-2006 1.8 4.060.073
11-Sep-20071.6 3.50 0.056
12-Aug-2010 2.4 1.22 0.029
01-Sep-20134.2 6.54 0.274

 (Known (External Reference Material) Duplicate)01-Sep-2013 5.1 5.490.280
23-Sep-2015 4.0 1.750.070
30-Aug-2016 2.2 2.750.060
12-Sep-2017 4.2 3.060.129

 (Re-analysis) 12-Sep-2017 3.3 2.750.091
29-Sep-2021 1.7 1.33 0.023

Brook Trout 6+ 11-Sep-20071.9 3.26 0.062

Brook Trout 7+ 11-Sep-20071.8 0.89 0.016
  (Duplicate) 11-Sep-20071.6 0.88 0.014

Brook Trout 11+ 11-Sep-20071.3 5.23 0.068

Brook Trout 12+ 11-Sep-20071.8 4.89 0.088

Brook Trout Unknown 23-Jul-2008 3.4 0.23 0.008
 (Replicate) 23-Jul-2008 2.7 0.14 0.004
 (Replicate A) 23-Jul-2008 3.6 0.31 0.011
 (Replicate B) 23-Jul-2008 4.3 0.14 0.006
 (Replicate C) 23-Jul-2008 3.7 0.18 0.007

12-Oct-2022 3.5 0.85 0.030
 (Replicate A) 13-Sep-2023 2.0 0.87 0.017
 (Replicate B) 13-Sep-2023 2.6 0.61 0.016

Brook Trout (Muscle only) 3+01-Feb-2012 1.2 3.08 0.037

Brook Trout (Skin Only) 3+01-Feb-2012 1.8 4.480.081

Brook Trout (Stomach) 1+ 01-Sep-2012 2.3 0.10 0.002

Brook Trout (Stomach) 2+ 01-Sep-2012 2.4 0.12 0.003

Brook Trout (Stomach) 3+ (Replicate A)01-Sep-2012 1.5 0.10 0.002
 (Replicate B) 01-Sep-2012 1.6 0.37 0.006

White Sucker 1+ 01-Feb-2012 2.0 1.99 0.040
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Table 7
Total PCB Concentrations in Fish Tissue: 

Chrystina Lake and Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Sampling Location Date LIPID CONTENTTotal PCBLipid         Total PCB

(dd-mmm-yyyy) (%) (ҡg/g lw) (Ög/g ww)

Health Canada 2020a #1 --- --- 2.000
OMOECC 2015 --- --- 0.105
Great Lakes Unrestricted Consumption Advisory--- --- 0.050
Great Lakes High Consumption Advisory--- --- 0.200

Chrystina Lake - Continued
21-Sep-20140.7 0.51 0.003

White Sucker 2+ 01-Feb-2012 0.6 0.69 0.004
22-Sep-20140.6 0.94 0.006

White Sucker 3+ 01-Feb-2012 1.1 0.29 0.003

White Sucker 6+ 11-Sep-20070.7 0.50 0.004

White Sucker 7+ 11-Sep-20070.5 0.90 0.005

White Sucker 8+ 11-Sep-20070.8 0.51 0.004
11-Aug-2009 1.3 0.41 0.005

White Sucker 9+ 11-Sep-20070.9 0.77 0.007

White Sucker 10+ 11-Aug-2009 0.7 0.64 0.004

Forage Fish 04-Nov-20142.5 0.45 0.011

Invertebrates 22-Aug-20143.8 1.19 0.045

Edith Lake

Brook Trout 1+ 11-Aug-2009 2.8 0.11 0.003
01-Sep-2011 1.5 0.33 0.005

  (Duplicate) 01-Sep-2011 1.5 0.58 0.009
01-Sep-2012 1.4 0.65 0.009
22-Sep-2015 3.1 0.61 0.019
30-Aug-2016 1.9 0.50 0.009
13-Sep-2017 3.6 0.30 0.011
30-Aug-2018 1.9 0.35 0.007

 (Replicate A) 06-Sep-2019 2.8 0.27 0.007
 (Replicate B) 06-Sep-2019 1.7 0.52 0.009

26-Aug-2020 2.4 0.26 0.006
30-Sep-2021 1.8 0.10 0.002
13-Oct-2022 2.2 0.07 0.002
14-Sep-2023 2.3 0.11 0.002

Brook Trout 2+ 11-Aug-2009 3.1 0.09 0.003
11-Aug-2010 2.2 0.95 0.021
01-Sep-2011 1.8 1.59 0.029
01-Sep-2012 2.8 0.79 0.022
01-Sep-20132.6 1.68 0.044
21-Sep-20142.4 1.07 0.025

 (Replicate A) 21-Sep-20144.3 0.48 0.020
 (Replicate B) 21-Sep-20142.7 0.14 0.004

22-Sep-2015 4.1 0.04 0.002
30-Aug-2016 2.3 0.87 0.020
13-Sep-2017 2.1 0.23 0.005
30-Aug-2018 1.6 0.33 0.005
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Table 7
Total PCB Concentrations in Fish Tissue: 

Chrystina Lake and Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Sampling Location Date LIPID CONTENTTotal PCBLipid         Total PCB

(dd-mmm-yyyy) (%) (ҡg/g lw) (Ög/g ww)

Health Canada 2020a #1 --- --- 2.000
OMOECC 2015 --- --- 0.105
Great Lakes Unrestricted Consumption Advisory--- --- 0.050
Great Lakes High Consumption Advisory--- --- 0.200

Edith Lake - Continued
 (Replicate A) 06-Sep-2019 1.4 0.22 0.003
 (Replicate B) 06-Sep-2019 2.0 0.22 0.004

26-Aug-2020 1.8 0.37 0.007
30-Sep-2021 1.8 0.12 0.002
13-Oct-2022 1.5 0.92 0.014
14-Sep-2023 2.1 0.18 0.004

Brook Trout 3+ 11-Aug-2010 3.4 0.74 0.025
01-Sep-2011 1.7 1.43 0.024
01-Sep-2012 2.4 1.20 0.029

 (Replicate A) 01-Sep-20133.4 1.51 0.051
 (Replicate B) 01-Sep-20132.5 1.63 0.041
  (Duplicate) 01-Sep-20133.2 1.39 0.045
 (Known (External Reference Material) Duplicate)01-Sep-2013 3.3 1.680.056

21-Sep-20142.4 1.42 0.034
 (Replicate A) 21-Sep-20143.6 0.57 0.020
 (Replicate B) 21-Sep-20140.9 2.42 0.021

22-Sep-2015 4.5 0.45 0.020
  (Duplicate) 22-Sep-2015 4.5 0.44 0.020

30-Aug-2016 2.3 0.88 0.020
13-Sep-2017 2.1 0.42 0.009

  (Duplicate) 13-Sep-2017 2.0 0.40 0.008
30-Aug-2018 2.5 0.18 0.004
06-Sep-2019 3.2 0.15 0.005

  (Duplicate) 06-Sep-2019 3.5 0.15 0.005
26-Aug-2020 2.4 0.18 0.004

  (Duplicate) 26-Aug-2020 1.6 0.36 0.006
30-Sep-2021 4.1 0.08 0.003
13-Oct-2022 2.0 0.19 0.004
14-Sep-2023 1.8 0.29 0.005

  (Duplicate) 14-Sep-2023 1.9 0.29 0.006

Brook Trout 4+ 04-Oct-2006 2.3 3.350.077
01-Sep-20112.8 2.75 0.077
01-Sep-20133.0 2.01 0.060
21-Sep-20144.1 1.15 0.048

 (Replicate B) 22-Sep-2015 3.1 1.28 0.040
 (Replicate A) 23-Sep-2015 3.2 0.84 0.027

30-Aug-2016 3.4 0.58 0.020
13-Sep-2017 2.1 0.49 0.010
30-Aug-2018 2.3 0.32 0.007
26-Aug-2020 3.0 0.12 0.004
14-Sep-2023 1.6 0.25 0.004

Brook Trout 5+ 04-Oct-2006 1.3 1.69 0.022
01-Sep-2011 3.1 1.10 0.034
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Table 7
Total PCB Concentrations in Fish Tissue: 

Chrystina Lake and Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Sampling Location Date LIPID CONTENTTotal PCBLipid         Total PCB

(dd-mmm-yyyy) (%) (ҡg/g lw) (Ög/g ww)

Health Canada 2020a #1 --- --- 2.000
OMOECC 2015 --- --- 0.105
Great Lakes Unrestricted Consumption Advisory--- --- 0.050
Great Lakes High Consumption Advisory--- --- 0.200

Edith Lake - Continued
01-Sep-2013 2.8 1.18 0.033
21-Sep-20142.4 1.48 0.035
30-Aug-2016 3.1 2.680.083

  (Duplicate) 30-Aug-2016 3.1 2.770.085
30-Sep-2021 1.6 0.27 0.004

Brook Trout 6+ 14-Sep-2023 2.6 0.20 0.005

Brook Trout 11+ 11-Sep-20072.1 0.62 0.013

Brook Trout 12+ 11-Sep-20071.9 0.45 0.009

Brook Trout Unknown 23-Jul-2008 2.5 0.20 0.005
 (Replicate A) 23-Jul-2008 5.2 0.09 0.005
 (Replicate B) 23-Jul-2008 3.2 0.11 0.004
 (Replicate C) 23-Jul-2008 2.6 0.12 0.003

Brook Trout (Stomach) 1+ 01-Sep-2012 3.2 0.05 0.002

Brook Trout (Stomach) 2+ 01-Sep-2012 1.6 0.02 0.000

Brook Trout (Stomach) 3+ 01-Sep-2012 2.0 17.750.355
 (Re-analysis) 01-Sep-2012 2.0 37.250.745

NOTES:
1. --- in guideline row(s) denotes no criteria for that parameter.
2. --- in detail data row(s) denotes parameter not analyzed.

3. Superscript #1denotes values exceeding maximum Levels prescribed in

Denotes values exceeding conumption advisory limits in 
               (Guide to Eating Ontario Fish 2015-2016  [Ontario Ministry of the Environment and Climate Change 2015]).
Denotes values exceeding conumption advisory limits for unrestricted consumers in  
               (Protocol for a Uniform Great Lakes Sport Fish Consumption Advisory  [GLSFCATF 1993]).
Denotes values exceeding conumption advisory limits for high-frequency consumers in  
               (Protocol for a Uniform Great Lakes Sport Fish Consumption Advisory  [GLSFCATF 1993]).

               (List of Contaminants and Other Adulterating Substances in Foods [Health Canada 2020a])
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Table 8

Coplanar PCB TEQ  Summaries:
2023, Historical and Edith Lake Comparisons Project No.: 317011-00057

Minimum Median Maximum n Minimum Median Maximum n Minimum Median Maximum n
77 --- 0.0009 0.0013 0.0132 15 0.0010 0.0014 0.0047 0.0549 26 0.0017 0.0015 0.0029 0.0122 28 0.0034 0.0034

81 --- 0.0001 0.0002 0.0016 150.0001 0.0002 0.0006 0.0073 26 0.0002 0.00002 0.0006 0.0017 28 0.0004 0.0004

105 --- 0.0033 0.0049 0.0525 15 0.0041 0.0094 0.0297 0.5190 26 0.0101 0.0072 0.0206 0.0750 28 0.0188 0.0170

114 --- 0.0002 0.0003 0.0029 15 0.0004 0.0006 0.0022 0.0327 26 0.0009 0.000002 0.0014 0.0051 28 0.0014 0.0012

118 --- 0.0089 0.0128 0.1578 15 0.0112 0.0264 0.0869 1.6980 26 0.0288 0.0207 0.0579 0.1989 28 0.0561 0.0492

123 --- 0.0002 0.0002 0.0077 15 0.0002 0.0004 0.0016 0.1722 26 0.0005 0.0005 0.0016 0.0157 28 0.0009 0.0006

126 --- 0.1390 0.2710 1.5900 15 0.2190 0.4160 1.1750 14.3000 26 0.5140 0.0050 0.8080 2.5900 28 0.9360 0.9100

156 --- 0.0012 0.0020 0.0109 15 0.0014 0.0030 0.0116 0.1425 26 0.0041 0.0031 0.0075 0.0190 28 0.0073 0.0067

157 --- 0.0003 0.0004 0.0016 6 --- 0.0007 0.0050 0.0279 15 --- 0.0004 0.0013 0.0037 14 --- ---

167 --- 0.0007 0.0009 0.0070 150.0007 0.0017 0.0049 0.0723 26 0.0020 0.0015 0.0034 0.0097 28 0.0034 0.0031

169 --- 0.0057 0.0115 0.1215 15 0.0069 0.0101 0.0240 0.1455 26 0.0112 0.0015 0.0218 0.0966 28 0.0200 0.0150

189 --- 0.0001 0.0002 0.0007 150.0001 0.0003 0.0007 0.0084 26 0.0003 0.0001 0.0006 0.0013 28 0.0005 0.0005

Total PCB TEQ#1 

(pg TEQ/g ww)
0.79 0.16 0.30 1.96 15 0.25 0.47 1.36 17.06 26 0.57 0.12 0.91 2.95 28 1.05 1.01

Notes:1. --- in guideline row(s) denotes no criteria for that parameter.
2. --- in detail data row(s) denotes parameter not analyzed. 

3. Highlighting indicates parameters above applied guideline/criteria.
             - CCME Tissue Residue Guideline (2001) - CCME Canadian Tissue Residue Guidelines for the Protection of Wildlife 

               Consumers of Aquatic Biota, (CCME, 1999 and updated 2001).

4. Bold font indicates that the 2023 value exceeds the historical maximum. 
5. Italic font indicates that the 2023 value is below historical minimum.

6. All units are pg TEQ/g ww.

7. Superscript #1 - TEQ values reported in the table have been calculated by substituting non-detections 
     with half the detection limit.

Congener 
IUPAC No. 

CCME 2001
2023

Historical (2006- 2022) Historical (2006 - 2022)
20232023

Chrystina Lake Brook Trout 2+ Chrystina Lake Brook Trout 3+Chrystina Lake Brook Trout 1+
Historical (2009 - 2022) 2023 

(DUP)
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Table 8

Coplanar PCB TEQ  Summaries:
2023, Historical and Edith Lake Comparisons Project No.: 317011-00057

77 ---

81 ---

105 ---

114 ---

118 ---

123 ---

126 ---

156 ---

157 ---

167 ---

169 ---

189 ---

Total PCB TEQ#1 

(pg TEQ/g ww)
0.79

Notes:

Congener 
IUPAC No. 

CCME 2001
Minimum Median Maximum n Minimum Median Maximum n Minimum Median Maximum n
0.0014 0.0052 0.0250 13 0.0022 0.0096 0.0348 100.0009 0.0034 0.0549 92

0.00003 0.0008 0.0030 13 0.0004 0.0012 0.0050 100.00002 0.0006 0.0073 82

0.0090 0.0426 0.1182 13 0.0157 0.0519 0.2229 100.0033 0.0227 0.5190 82

0.0006 0.0031 0.0083 13 0.0012 0.0035 0.0128 100.000002 0.0017 0.0327 82

0.0244 0.1176 0.3360 13 0.0429 0.1848 0.6810 100.0089 0.0722 1.6980 82

0.0004 0.0015 0.0300 13 0.0008 0.0051 0.0696 100.0002 0.0015 0.1722 82

0.3670 1.8200 4.3800 13 0.6200 1.6100 7.8900 100.0050 0.8940 14.3000 82

0.0030 0.0134 0.0405 13 0.0068 0.0165 0.0621 100.0012 0.0084 0.1425 82

0.0006 0.0027 0.0051 7 0.0011 0.0028 0.0114 70.0003 0.0020 0.0279 49

0.0017 0.0067 0.0173 13 0.0031 0.0078 0.0300 100.0007 0.0042 0.0723 82

0.0030 0.0294 0.1025 13 0.0030 0.0483 0.2250 100.0015 0.0225 0.2250 82

0.0003 0.0009 0.0023 13 0.0005 0.0012 0.0039 10 0.0001 0.0006 0.0084 82

0.42 2.09 5.03 13 0.90 1.90 9.10 10 0.12 1.07 17.06 82

1. --- in guideline row(s) denotes no criteria for that parameter.
2. --- in detail data row(s) denotes parameter not analyzed.
3. Highlighting indicates parameters above applied guideline/criteria.
             - CCME Tissue Residue Guideline (2001) - CCME Canadian Tissue Residue Guidelines for the Protection of Wildlife 

               Consumers of Aquatic Biota, (CCME, 1999 and updated 2001).

4. Bold font indicates that the 2023 value exceeds the historical maximum. 
5. Italic font indicates that the 2023 value is below historical minimum.

6. All units are pg TEQ/g ww.

7. Superscript #1 - TEQ values reported in the table have been calculated by substituting non-detections 
     with half the detection limit.

Chrystina Lake Brook Trout 5+
Historical (2006 - 2021)

Chrystina Lake Brook Trout (all age classes) 
Historical (2006 - 2022)Historical (2006 - 2021)

Chrystina Lake Brook Trout 4+
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Table 8

Coplanar PCB TEQ  Summaries:
2023, Historical and Edith Lake Comparisons Project No.: 317011-00057

77 ---

81 ---

105 ---

114 ---

118 ---

123 ---

126 ---

156 ---

157 ---

167 ---

169 ---

189 ---

Total PCB TEQ#1 

(pg TEQ/g ww)
0.79

Notes:

Congener 
IUPAC No. 

CCME 2001
Minimum Median Maximum n Minimum Median Maximum n Minimum Median Maximum n
0.0002 0.0006 0.0032 130.0003 0.0002 0.0005 0.0070 170.0007 0.0004 0.0031 0.0137 220.0013 0.0014

0.0000263 0.0001 0.0005 130.00003300.00004 0.0002 0.0009 170.0001 0.00002 0.0003 0.0015 220.0001 0.0001

0.0008 0.0023 0.0088 130.0008 0.0010 0.0026 0.0315 170.0025 0.0020 0.0155 0.0510 220.0038 0.0040

0.00002 0.0001 0.0006 130.0001 0.0001 0.0002 0.0017 170.0001 0.0001 0.0008 0.0023 220.0002 0.0002

0.0023 0.0074 0.0245 130.0027 0.0032 0.0088 0.1023 170.0105 0.0064 0.0441 0.1680 220.0142 0.0149

0.0000225 0.0002 0.0019 130.000050.0001 0.0004 0.0052 170.0001 0.0001 0.0007 0.0149 220.0001 0.0002

0.0400 0.0866 0.3530 130.0506 0.0418 0.1170 1.3000 170.1800 0.0983 0.5670 3.1200 220.2980 0.3620

0.0003 0.0010 0.0026 130.0004 0.0004 0.0010 0.0096 170.0010 0.0007 0.0041 0.0113 220.0013 0.0014

0.0001 0.0002 0.0004 7--- 0.0001 0.0008 0.0009 7--- 0.0002 0.0009 0.0027 8--- ---

0.0001 0.0005 0.0013 130.0002 0.0002 0.0006 0.0043 170.0006 0.0004 0.0018 0.0065 220.0007 0.0008

0.0040 0.0086 0.0450 130.0051 0.0045 0.0105 0.0450 170.0053 0.0072 0.0150 0.0600 220.0132 0.0153

0.000015 0.00011 0.00020 130.000040.00003 0.0001 0.0005 170.0001 0.0001 0.0002 0.0008 220.0001 0.0001

0.05 0.11 0.42 130.0602 0.05 0.16 1.47 170.2010 0.12 0.66 3.34 220.3330 0.4004

1. --- in guideline row(s) denotes no criteria for that parameter.
2. --- in detail data row(s) denotes parameter not analyzed.
3. Highlighting indicates parameters above applied guideline/criteria.
             - CCME Tissue Residue Guideline (2001) - CCME Canadian Tissue Residue Guidelines for the Protection of Wildlife 

               Consumers of Aquatic Biota, (CCME, 1999 and updated 2001).

4. Bold font indicates that the 2023 value exceeds the historical maximum. 
5. Italic font indicates that the 2023 value is below historical minimum.

6. All units are pg TEQ/g ww.

7. Superscript #1 - TEQ values reported in the table have been calculated by substituting non-detections 
     with half the detection limit.

2023 
(DUP)

2023
Historical (2010 - 2022)Historical (2009 - 2022)

Edith Lake Brook Trout 3+

20232023

Edith Lake Brook Trout 1+ Edith Lake Brook Trout 2+
Historical (2009 - 2022)
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Table 8

Coplanar PCB TEQ  Summaries:
2023, Historical and Edith Lake Comparisons Project No.: 317011-00057

77 ---

81 ---

105 ---

114 ---

118 ---

123 ---

126 ---

156 ---

157 ---

167 ---

169 ---

189 ---

Total PCB TEQ#1 

(pg TEQ/g ww)
0.79

Notes:

Congener 
IUPAC No. 

CCME 2001
Edith Lake Brook Trout 6+

Minimum Median Maximum n Minimum Median Maximum n Minimum Median Maximum n
0.0006 0.0048 0.0170 11 0.00090.0008 0.0036 0.0133 6 0.0012 0.0002 0.0015 0.0170 69

0.0001 0.0005 0.0016 11 0.00010.0001 0.0005 0.0017 6 0.0001 0.00002 0.0002 0.0017 69

0.0022 0.0189 0.0516 11 0.00310.0027 0.0225 0.0603 6 0.0035 0.0008 0.0088 0.0603 69

0.0001 0.0011 0.0028 11 0.00010.000003 0.0012 0.0030 6 0.0002 0.000003 0.0004 0.0030 69

0.0073 0.0615 0.1680 11 0.01070.0094 0.0764 0.1908 6 0.0129 0.0023 0.0245 0.1908 69

0.0001 0.0007 0.0195 110.0001 0.0002 0.0017 0.0074 6 0.0001 0.0000 0.0005 0.0195 69

0.1410 0.7130 1.7000 11 0.20900.2050 0.7930 3.5700 6 0.2940 0.0400 0.3490 3.5700 69

0.0006 0.0052 0.0150 11 0.00100.0010 0.0059 0.0161 6 0.0011 0.0003 0.0026 0.0161 69

0.0002 0.0009 0.0021 5 ---0.0005 0.0012 0.0036 3 --- 0.0001 0.0004 0.0036 30

0.0004 0.0023 0.0075 11 0.00060.0006 0.0031 0.0097 6 0.0007 0.0001 0.0011 0.0097 69

0.0030 0.0159 0.0714 11 0.01030.0015 0.0275 0.0582 6 0.0208 0.0015 0.0134 0.0714 69

0.0001 0.0003 0.0010 11 0.00010.0001 0.0004 0.0013 6 0.0001 0.00002 0.0002 0.0013 69

0.1613 0.8150 1.9881 11 0.23590.24 0.94 3.93 6 0.3347 0.05 0.40 3.93 69

1. --- in guideline row(s) denotes no criteria for that parameter.
2. --- in detail data row(s) denotes parameter not analyzed.
3. Highlighting indicates parameters above applied guideline/criteria.
             - CCME Tissue Residue Guideline (2001) - CCME Canadian Tissue Residue Guidelines for the Protection of Wildlife 

               Consumers of Aquatic Biota, (CCME, 1999 and updated 2001).

4. Bold font indicates that the 2023 value exceeds the historical maximum. 
5. Italic font indicates that the 2023 value is below historical minimum.

6. All units are pg TEQ/g ww.

7. Superscript #1 - TEQ values reported in the table have been calculated by substituting non-detections 
     with half the detection limit.

2023

Edith Lake Brook Trout 4+
Historical (2010 - 2023)

2023

Edith Lake Brook Trout 5+ Edith Lake Brook Trout (all ages) 
Historical (2006-2022)Historical (2006 - 2021)
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Table 9

Organics Summary for 2023 Fish Tissue Monitoring Program

Project Number: 317011-00057CHBKTR 1+ CHBKTR 2+ CHBKTR 3+ 
CHBKTR 3+ 
(LABDUP) 

CHBKTR UNK 
A

CHBKTR UNK 
B EDBKTR 1+ EDBKTR 2+ EDBKTR 3+

EDBKTR 3+ 
(DUP) EDBKTR 4+ EDBKTR 6+

Total PCBs (ng/g) 5.97 13.4 28.1 23.8 17.4 15.9 2.43 3.85 5.165.68 3.89 5.18

Number of Fish in Sample 5 5 5 5 1 1 2 3 5 5 5 3

PCBs (pg/g)
PCB-77 10.3 17.4 34.3 33.9 0.896 0.915 2.96 6.63 12.8 14.1 8.79 12.4
PCB-81 0.434 0.782 1.48 1.39 18.5 220.11 #1 0.25 #1 0.435 0.483 0.34 0.499
PCB-105 135 335 627 565 421 381 25.8 83.3 126 132 102 116
PCB-114 11.729 #1 45.4 40.7 32.528 #1 1.8 #1 4.4 #1 6.54 5.96 4.28 5.23
PCB-118 374 961 1870 1640 1180 1210 90.2 350 474 497 357 429
PCB-123 5.3 #1 16 29.3 19.5 16.2 17.9 1.56 3.114.9 #1 5.61 3.56 4.7 #1

PCB-126 2.19 5.14 9.36 9.1 5.63 5.74 0.506 1.8 2.98 3.62 2.09 2.94
PCB-156/157 47.1 137 242 222 171 142 11.7 34.4 42.5 46.5 34.4 37.8
PCB-167 22 65.4 112 102 79.6 67.5 6.67 20.1 22.7 25.8 18.4 22.6
PCB-169 0.23 #1 0.373 0.6670.50 #1 0.317 0.38 #1 0.17 #1 0.175 0.44 #1 0.51 #1 0.342 0.692
PCB-189 3.15 10.5 18.2 15.8 13.7 11.8 1.233.7 #1 4.0 #1 4.8 2.93 3.22
TEQPCB 0.2450 0.5738 1.0482 1.0070 0.6320 0.6436 0.0602 0.2010 0.3330 0.4004 0.2359 0.3347
Dioxins/Furans
2,3,7,8-TCDD 0.0391 <0.018 <0.037 <0.024 <0.060 <0.017 <0.015 <0.019 <0.0260.035 #1 <0.011 0.032 #1

1,2,3,7,8-PECDD 0.050 #1 <0.023 <0.034 <0.024 <0.059 <0.036 0.064 <0.035 <0.032 0.06720.031 #1 0.052 #1

1,2,3,4,7,8-HXCDD <0.033 <0.032 <0.039 <0.037 <0.091 <0.022 <0.065 <0.042 <0.036 <0.041 <0.034 <0.037
1,2,3,6,7,8-HXCDD 0.048 #1 <0.032 <0.038 <0.034 <0.096 <0.020 <0.064 <0.0420.040 #1 0.048 #1 0.048 #1 0.063 #1

1,2,3,7,8,9-HXCDD <0.039 <0.035 <0.042 <0.039 <0.099 <0.022 <0.066 <0.044 <0.039 <0.042 <0.035 <0.040
1,2,3,4,6,7,8-HPCDD 0.09780.10 #1 0.0746 0.11 #1 0.098 #1 0.0727 0.092 #1 0.076 #1 0.10 #1 0.089 #1 0.11 #1 0.092 #1

OCDD 0.13 #1 0.084 #1 0.092 #1 0.079 #1 0.111 0.071 #1 0.081 #1 0.086 #1 <0.11 0.077 #1 0.10 #1 0.0883

2,3,7,8-TCDF 0.287 0.5210.86 #1 0.705 0.54 #1 0.44 #1 0.172 0.14 #1 0.248 0.2980.19 #1 0.267
1,2,3,7,8-PECDF 0.045 #1 0.060 #1 0.069 #1 0.044 #1 <0.046 <0.042 <0.0250.056 #1 0.070 #1 0.029 #1 0.037 #1 <0.033
2,3,4,7,8-PECDF <0.0140.10 #1 0.132 0.0752 <0.043 0.0599 <0.024 <0.0240.049 #1 0.057 #1 0.0417 0.0408
1,2,3,4,7,8-HXCDF <0.013 <0.024 <0.022 <0.027 <0.036 <0.020 <0.016 <0.017 <0.022 <0.017 <0.018 <0.013
1,2,3,6,7,8-HXCDF <0.013 <0.024 <0.021 <0.025 <0.036 <0.019 <0.015 <0.016 <0.023 <0.017 <0.017 <0.013
1,2,3,7,8,9-HXCDF <0.019 <0.036 <0.028 <0.037 <0.050 <0.026 <0.020 <0.022 <0.033 <0.024 <0.024 <0.018
2,3,4,6,7,8-HXCDF <0.014 <0.025 <0.021 <0.026 <0.036 <0.020 <0.015 <0.016 <0.023 <0.018 <0.018 <0.014
1,2,3,4,6,7,8-HPCDF 0.026 #1 <0.014 <0.0093 <0.010 <0.0120.020 #1 <0.0087 <0.0049 <0.0077 <0.0100.039 #1 <0.0080
1,2,3,4,7,8,9-HPCDF <0.013 <0.021 <0.014 <0.016 <0.018 <0.012 <0.012 <0.0074 <0.011 <0.016 <0.015 <0.012
OCDF 0.070 #1 0.037 #1 <0.035 <0.044 <0.053 <0.021 <0.025 <0.020 <0.024 <0.0250.038 #1 <0.021
TEQDX/F 0.1340 0.1160 0.1746 0.1309 0.1440 0.0976 0.1068 0.0571 0.0845 0.1638 0.0828 0.1375

Total TEQ 0.3790 0.6898 1.2228 1.1378 0.7761 0.7412 0.1670 0.2580 0.4176 0.5642 0.3187 0.4722
Notes:Superscript #1 - Analyte did not meet all criteria for quantification, concentration reported as Estimated Maximum Potential Concentration (EMPC)

Highlighting indicates value represents a historical minimum in the respective age class.
Highlighting indicates TEQ value exceeds applicable CCME guideline (TEQPCB=0.79, TEQDx/F=0.71, TEQTotal=0.71)
TEQ calculated by substituting non-detections with half the detection limit and includes EMPC concentrations
Values provided for individual compounds indicate the PCB, dioxin, or furan tissue concentrations measured in ng/kg

2023 Sampling Program
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Table 10
TEQ Results for Fish Tissue from Chrystina Lake and

Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Date

(dd-mmm-yyyy)

CCME Tissue Residue 2001 0.79 0.71 0.71 0.71

Hatchery

Brook Trout 0+ 04-Oct-20060.0195 0.1155 0.0425 0.1776

11-Sep-20070.0775 0.1184 0.0426 0.2385

23-Jul-20080.0507 0.1156 0.0425 0.2089

  (Duplicate) 23-Jul-20080.0513 0.1155 0.0425 0.2093

11-Aug-20090.4186 0.4655 0.06800.9521

11-Aug-20100.0613 0.1656 0.0425 0.2694

01-Sep-20110.1448 0.2314 0.0415 0.4178

01-Sep-20120.0548 0.0954 0.0224 0.1726

01-Sep-20130.0738 0.1020 0.0432 0.2189

21-Sep-20140.0867 0.0656 0.0423 0.1946

22-Sep-20150.1078 0.0654 0.0306 0.2038

30-Aug-20160.0630 0.0637 0.0277 0.1544

30-Aug-20180.0403 0.0654 0.0241 0.1297

6-Sep-20190.0241 0.0664 0.0306 0.1211

26-Aug-20200.0394 0.0573 0.0211 0.1178

30-Sep-20210.0145 0.0546 0.0196 0.0888

13-Oct-20220.0561 0.0404 0.0615 0.1580

Brook Trout 1+ 13-Sep-20170.1071 0.1087 0.0328 0.2487

Chrystina Lake

Brook Trout 1+ 11-Aug-20090.2714 0.4160 0.09000.7775

01-Sep-20110.4418 0.2310 0.05750.7303

01-Sep-20121.0889 0.0686 0.1023 1.2598

 (Replicate A) 01-Sep-20130.3163 0.2245 0.1216 0.6623

 (Replicate B) 01-Sep-20130.2745 0.0839 0.0884 0.4468

23-Sep-20151.9600 0.0661 0.2097 2.2357

31-Aug-20160.2739 0.0646 0.0656 0.4041

12-Sep-20170.2436 0.0647 0.0635 0.3718

29-Aug-20180.2981 0.1121 0.0694 0.4796

 (Replicate A) 5-Sep-20190.1641 0.1130 0.0528 0.3300

 (Replicate B) 5-Sep-20190.1801 0.1051 0.0658 0.3509

25-Aug-20200.2721 0.1011 0.0575 0.4306

29-Sep-20210.8268 0.0501 0.0697 0.9466

12-Oct-20220.4623 0.0397 0.0534 0.5555

13-Sep-20230.2450 0.0985 0.0354 0.3790

Brook Trout 2+ 11-Aug-20091.1575 0.3155 0.0580 1.5311

11-Aug-20101.7648 0.1156 0.1345 2.0150

12-Aug-20102.8766 --- --- 2.8766

01-Sep-20117.3535 0.2590 0.3384 7.9509

(Duplicate) 1-Sep-20119.0450 --- --- 9.0450

(Replicate A) 1-Sep-201110.0653 --- --- 10.0653

(Replicate B) 1-Sep-201110.6074 --- --- 10.6074

(Replicate C) 1-Sep-201117.0648 --- --- 17.0648

(Replicate D) 1-Sep-20119.7384 --- --- 9.7384

(Replicate E) 1-Sep-201116.7020 --- --- 16.7020

01-Sep-20120.7803 0.0636 0.04830.8921

01-Sep-20131.2783 0.0884 0.1416 1.5083

PCB TEQ 
(pg TEQ/g ww)

Dioxin TEQ
(pg TEQ/g ww)

Furan TEQ 
(pg TEQ/g ww)

Total TEQ
(pg TEQ/g ww)
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Table 10
TEQ Results for Fish Tissue from Chrystina Lake and

Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Date

(dd-mmm-yyyy)

CCME Tissue Residue 2001 0.79 0.71 0.71 0.71

PCB TEQ 
(pg TEQ/g ww)

Dioxin TEQ
(pg TEQ/g ww)

Furan TEQ 
(pg TEQ/g ww)

Total TEQ
(pg TEQ/g ww)

Chrystina Lake - Continued

22-Sep-20141.4398 0.0681 0.1488 1.6568

 (Replicate A) 22-Sep-20140.5422 0.0663 0.0893 0.6978

 (Replicate B) 22-Sep-20140.6311 0.0650 0.12710.8232

23-Sep-20151.7561 0.0662 0.2062 2.0285

31-Aug-20162.2052 0.0649 0.1729 2.4431

12-Sep-20170.6072 0.0676 0.10000.7747

 (Replicate A) 12-Sep-20170.4738 0.0670 0.0925 0.6333

29-Aug-20180.8470 0.1217 0.1305 1.0992

 (Replicate A) 5-Sep-20190.6607 0.0634 0.08880.8129

 (Replicate B) 5-Sep-20190.6456 0.1079 0.09390.8475

 (Replicate A) 25-Aug-20200.7276 0.0575 0.11130.8964

 (Replicate B) 25-Aug-20200.5273 0.0574 0.0889 0.6736

29-Sep-20210.8330 0.0455 0.0744 0.9529

12-Oct-20221.6898 0.0639 0.1445 1.8982

13-Sep-20230.5738 0.0265 0.0895 0.6898

Brook Trout 3+ 04-Oct-20060.1157 0.1155 0.0715 0.3028

11-Aug-20101.2386 0.2670 0.0525 1.5581

  (Duplicate) 11-Aug-20101.0168 0.1156 0.1220 1.2544

12-Aug-20101.9183 --- --- 1.9183

 (Replicate A) 01-Sep-20120.5497 0.1022 0.11130.7631

  (Duplicate) 01-Sep-20120.5933 0.0964 0.15520.8449

 (Replicate B) 01-Sep-20120.4300 0.1036 0.0225 0.5561

 (Replicate C) 01-Sep-20130.7133 0.0748 0.11340.9015

 (Replicate D) 01-Sep-20130.6885 0.0752 0.10420.8679

(Duplicate) #1 1-Sep-20130.8878 --- --- 0.8878

22-Sep-20141.6497 0.0670 0.1475 1.8642

  (Duplicate) 22-Sep-20141.2875 0.0652 0.1587 1.5114

 (Replicate A) 22-Sep-20140.7400 0.1032 0.15380.9970

 (Replicate B) 22-Sep-20140.8113 0.0663 0.0776 0.9552

23-Sep-20152.5896 0.0665 0.2241 2.8803

31-Aug-20162.9475 0.0642 0.2085 3.2202

(Duplicate) 31-Aug-20162.7508 0.0654 0.2062 3.0225

(Replicate A) 31-Aug-20162.1552 0.0715 0.2223 2.4489

12-Sep-20170.9198 0.0646 0.1186 1.1029

(Duplicate) 12-Sep-20170.9732 0.0679 0.1250 1.1661

29-Aug-20181.1473 0.0573 0.1137 1.3183

(Duplicate) 29-Aug-20180.8142 0.0633 0.1038 0.9813

(Duplicate - Lab) 29-Aug-20180.8695 0.0641 0.1099 1.0436

5-Sep-20190.8488 0.0727 0.1415 1.0631

(Duplicate - Lab) 5-Sep-20190.9020 0.0665 0.1181 1.0866

29-Sep-20211.1232 0.0721 0.1380 1.3005

12-Oct-20221.0594 0.0424 0.0678 1.1697

13-Sep-20231.0482 0.0422 0.1324 1.2228

(Duplicate - Lab) 13-Sep-20231.0070 0.0306 0.1003 1.1378

Brook Trout 4+ 04-Oct-20062.9546 0.1155 0.1575 3.2276

  (Duplicate) 04-Oct-20063.7653 0.1155 0.1575 4.0384
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Table 10
TEQ Results for Fish Tissue from Chrystina Lake and

Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Date

(dd-mmm-yyyy)

CCME Tissue Residue 2001 0.79 0.71 0.71 0.71

PCB TEQ 
(pg TEQ/g ww)

Dioxin TEQ
(pg TEQ/g ww)

Furan TEQ 
(pg TEQ/g ww)

Total TEQ
(pg TEQ/g ww)

Chrystina Lake - Continued

01-Sep-20113.1645 0.2760 0.3235 3.7641

01-Sep-20133.5568 0.1090 0.3174 3.9832

22-Sep-20145.0282 0.1567 0.3150 5.5000

23-Sep-20151.3958 0.0648 0.1858 1.6465

 (Replicate A) 23-Sep-20152.0939 0.0654 0.2165 2.3757

12-Sep-20171.6449 0.1041 0.1897 1.9387

 (Replicate A) 29-Aug-20182.1136 0.1045 0.2078 2.4259

 (Replicate B) 29-Aug-20180.9753 0.1029 0.1110 1.1892

 (Replicate C) 29-Aug-20181.2394 0.0648 0.1418 1.4460

25-Aug-20200.4192 0.0573 0.0861 0.5625

29-Sep-20210.8639 0.0478 0.0897 1.0014

Brook Trout 5+ 04-Oct-20061.7700 0.1155 0.0735 1.9590

11-Sep-20071.5906 0.1157 0.2356 1.9420

12-Aug-20101.1958 --- --- 1.1958

01-Sep-20137.4698 0.1222 0.6411 8.2331

(Duplicate) #1 01-Sep-20139.0959 --- --- 9.0959

23-Sep-20152.0359 0.0664 0.2218 2.3240

31-Aug-20161.6574 0.0658 0.1237 1.8468

12-Sep-20177.3720 0.0675 0.2773 7.7167

(Re-analysis) 12-Sep-20175.2980 0.0675 0.2773 5.6427

29-Sep-20210.9021 0.0525 0.1177 1.0723

Brook Trout 6+ 11-Sep-20071.6121 0.1655 0.1785 1.9562

Brook Trout 7+ 11-Sep-20070.6633 0.1172 0.12260.9031

  (Duplicate) 11-Sep-20070.4299 0.1170 0.0766 0.6235

Brook Trout 11+ 11-Sep-20072.3124 0.1660 0.3086 2.7869

Brook Trout 12+ 11-Sep-20072.1971 0.1175 0.3336 2.6482

Brook Trout Unknown12-Oct-20220.9805 0.0349 0.0767 1.0920

(Replicate A) 13-Sep-20230.6320 0.0748 0.06920.7761

(Replicate B) 13-Sep-20230.6436 0.0304 0.06710.7412

Forage Fish 4-Nov-20140.5014 0.0640 0.0439 0.6093

Aquatic Invertebrates22-Aug-20143.5293 0.3381 0.2081 4.0755

Edith Lake

Brook Trout 1+ 11-Aug-20090.1304 0.1693 0.0771 0.3769

01-Sep-20110.2089 0.3915 0.0865 0.6869

  (Duplicate) 01-Sep-20110.0743 0.0985 0.0245 0.1973

01-Sep-20120.0750 0.0679 0.0154 0.1583

22-Sep-20150.4173 0.0650 0.0404 0.5226

30-Aug-20160.1065 0.0636 0.0303 0.2004

13-Sep-20170.1487 0.1982 0.0395 0.3864

30-Aug-20180.1045 0.0641 0.0304 0.1991

 (Replicate A) 6-Sep-20190.1257 0.0676 0.0328 0.2260

 (Replicate B) 6-Sep-20190.1379 0.1178 0.0341 0.2898

26-Aug-20200.1036 0.0574 0.0327 0.1936

30-Sep-20210.0512 0.0620 0.0183 0.1315

13-Oct-20220.0749 0.0567 0.0185 0.1501

14-Sep-20230.0602 0.0822 0.0246 0.1670
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Table 10
TEQ Results for Fish Tissue from Chrystina Lake and

Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Date

(dd-mmm-yyyy)

CCME Tissue Residue 2001 0.79 0.71 0.71 0.71

PCB TEQ 
(pg TEQ/g ww)

Dioxin TEQ
(pg TEQ/g ww)

Furan TEQ 
(pg TEQ/g ww)

Total TEQ
(pg TEQ/g ww)

Edith Lake - Continued

Brook Trout 2+ 11-Aug-20090.1614 0.1657 0.0475 0.3746

11-Aug-20100.5721 0.1655 0.04250.7801

01-Sep-20110.6894 0.2150 0.03250.9369

01-Sep-20120.7608 0.0363 0.01060.8077

01-Sep-20131.4731 0.1854 0.1491 1.8076

21-Sep-20140.5693 0.1577 0.04950.7765

 (Replicate A) 21-Sep-20140.4710 0.1913 0.06360.7260

 (Replicate B) 21-Sep-20140.1139 0.0996 0.0315 0.2450

22-Sep-20150.0649 0.0649 0.0234 0.1531

30-Aug-20160.6169 0.0651 0.06940.7513

13-Sep-20170.0647 0.0685 0.0251 0.1583

30-Aug-20180.1271 0.1277 0.0337 0.2885

 (Replicate A) 6-Sep-20190.0526 0.1010 0.0320 0.1857

 (Replicate B) 6-Sep-20190.0958 0.0691 0.0271 0.1919

26-Aug-20200.1403 0.0582 0.0241 0.2226

30-Sep-20210.0839 0.0417 0.0149 0.1404

13-Oct-20221.3863 0.0902 0.0419 1.5184

14-Sep-20230.2010 0.0342 0.0229 0.2580

Brook Trout 3+ 11-Aug-20101.0192 0.1155 0.0985 1.2333

01-Sep-20111.4066 0.1658 0.0345 1.6069

01-Sep-20120.9072 0.0478 0.0091 0.9640

 (Replicate A) 01-Sep-20131.8402 0.1026 0.0957 2.0385

  (Duplicate) 01-Sep-20131.5491 0.0943 0.0816 1.7250

(Duplicate) #1 01-Sep-20132.6448 --- --- 2.6448

 (Replicate B) 01-Sep-20133.3406 0.0569 0.0912 3.4887

21-Sep-20141.2855 0.1469 0.0927 1.5252

 (Replicate A) 21-Sep-20140.6491 0.0838 0.06200.7949

 (Replicate B) 21-Sep-20140.6699 0.1075 0.05160.8291

22-Sep-20150.6131 0.0671 0.05340.7336

  (Duplicate) 22-Sep-20150.6730 0.0704 0.05590.7993

30-Aug-20160.8345 0.0669 0.0924 0.9937

13-Sep-20170.3472 0.0743 0.0409 0.4624

  (Duplicate) 13-Sep-20170.3374 0.0987 0.0422 0.4783

30-Aug-20180.2226 0.1319 0.0287 0.3832

6-Sep-20190.1807 0.1112 0.0550 0.3469

  (Duplicate) 6-Sep-20190.2281 0.1314 0.0349 0.3943

26-Aug-20200.1506 0.0300 0.0861 0.2667

  (Duplicate) 26-Aug-20200.1177 0.0287 0.0582 0.2046

30-Sep-20210.1447 0.0673 0.0215 0.2335

13-Oct-20220.1926 0.0444 0.0200 0.2570

14-Sep-2023 0.33300.0378 0.0467 0.4176

(Duplicate) 14-Sep-2023 0.40040.1121 0.0517 0.5642

Brook Trout 4+ 04-Oct-20061.9881 0.1160 0.2275 2.3316

01-Sep-20111.6623 0.1645 0.1721 1.9989

01-Sep-20131.8701 0.4958 0.2541 2.6200

21-Sep-20141.7028 0.2496 0.1448 2.0972
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Table 10
TEQ Results for Fish Tissue from Chrystina Lake and

Edith Lake (2006-2023)
PROJECT No.: 317011-00057

Date

(dd-mmm-yyyy)

CCME Tissue Residue 2001 0.79 0.71 0.71 0.71

PCB TEQ 
(pg TEQ/g ww)

Dioxin TEQ
(pg TEQ/g ww)

Furan TEQ 
(pg TEQ/g ww)

Total TEQ
(pg TEQ/g ww)

Edith Lake - Continued

23-Sep-20150.8118 0.0654 0.0892 0.9663

 (Replicate A) 22-Sep-20151.6982 0.1098 0.0848 1.8927

30-Aug-20160.8150 0.1051 0.0877 1.0078

13-Sep-20170.4018 0.0734 0.0526 0.5277

30-Aug-20180.2828 0.0642 0.0303 0.3772

26-Aug-20200.1613 0.0616 0.0275 0.2503

14-Sep-2023 0.2359 0.0459 0.03690.3187

Brook Trout 5+ 04-Oct-20060.4594 0.1155 0.0795 0.6544

01-Sep-20110.8756 0.2210 0.0379 1.1346

01-Sep-20131.4040 0.1635 0.0971 1.6646

21-Sep-20141.0036 0.1134 0.0985 1.2155

30-Aug-20163.9303 0.2058 0.1855 4.3215

30-Sep-20210.2383 0.0921 0.0308 0.3612

Brook Trout 6+ 14-Sep-20230.3347 0.0951 0.0424 0.4722

Brook Trout 11+ 11-Sep-20070.1413 0.1160 0.0796 0.3369

Brook Trout 12+ 11-Sep-20070.4582 0.1159 0.0426 0.6166

NOTES:1. --- in detail data row(s) denotes parameter not analyzed.

2. Highlighting indicates parameters above applied guideline/criteria.

3. All TEQ values are presented in pg/g 

4. Superscript #1 - Duplicate sample analyzed by alternative lab.
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Table 11

Summary of Tissue Residue Guideline, Threshold Exceedance, and Historical
 Range Comparisons for 2023 Fish Tissue Parameters

Project Number: 317011-00057  

Chrystina Lake - Brook Trout 1+ Zinc
Coplanar PCB 81, 167, 189, 
Chromium, and Mercury

2+ Zinc Chromium

3+ TEQPCB,  Total TEQ Zinc Arsenic, Chromium

3+ Duplicate TEQPCB, Total TEQ

Unknown A Total TEQ NA NA

Unknown B Total TEQ NA NA

Edith Lake - Brook Trout 1+ Zinc Chromium, Coplanar PCB 105

2+ Zinc Chromium, Sodium

3+ Zinc
Arsenic, Chromium, Iron, 

Selenium

3+ Duplicate Zinc Chromium, Iron, Selenium

4+ Zinc
TEQDx/F, Coplanar PCB 123, 
Chromium, Molybdenum

6+ Zinc NA NA

Notes:

Above Historical RangesCCME (2001) Canadian 
Tissue Residue Guideline 

SETAC (1999) Threshold
Health Canada Maximum 
Levels (2020a, 2020b)

1. TEQPCB = Toxic Equivalency based on coplanar PCB concentrations; TEQDx/F = Toxic Equivalency based on dioxin and furan concentrations; 
TEQLipid= Toxic Equivalency based on lipid normalized tissue residue concentrations; Total TEQ = Toxic Equivalency incorporating concentrations of all 
dioxins and dioxin-like compounds analysed

Sample Location/Species Age Class
Sample  
Identifier

Environmental Guideline

Below Historical Ranges

2024-03-04 - 2:11 PM U:\CAL\GBS\317011-00057\9.0_Data\9.3_Working_Tables\2023_Working Tables\Table 11 (2023) - fish exceedance summary table Page 1 of 1
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