Sub-Indicator: Contaminants in
Edible Fish
Overall Assessment
Status: Fair
Trends:
10-Year Trend: Improving
Long-term Trend (1975-2019): Improving
Rationale: Fish consumption advisories for all of the Great Lakes have typically been driven by polychlorinated
biphenyls (PCBs). Levels of PCBs in the edible portion of Great Lakes fish have declined substantially (more than
90% in many cases) since regulatory and remedial actions have taken place since the 1970s (Figure 1). Mercury has
been a secondary driver of the fish consumption advisories. Mercury levels in the edible portion of Great Lakes fish
have also declined by about half during the last 40-50 years (Figure 2). Overall, long-term trends have shown
improvements in the levels of both contaminants for all of the five Great Lakes. Looking at short-term trends for the
past 10 years, PCB levels in the edible portion of fish tissue have also either improved or remained unchanged for all
of the Great Lakes (Figure 1). However, recent levels of PCBs have generally remained in the “Fair” category (Figure
1, Table 1), as one or more of the fish species and sizes examined have had contaminant levels that exceeded the
“Good” category criteria (Table 2). In contrast, short-term trends in mercury levels appeared to have largely
remained stable or slightly improved during the last decade (Figure 2), and the recent mercury levels have generally
maintained the status of “Good” (Table 2).
Status and trend assessments were based on data generated by the Province of Ontario for Lake Superior, Lake
Huron, Lake Erie and Lake Ontario. Lake Michigan status and trend assessments were generated based on data
provided by the U.S. EPA and States of Michigan, Wisconsin, Illinois, and Indiana. Reliance upon a single data
source, such as the Province, allowed for more consistent comparison between reporting cycles but may not reflect
the status and/or trends at the State level.

Lake-by-Lake Assessment
Lake Superior
Status: Fair
10-Year Trend: Unchanging
Long-term Trend (1975-2017): Improving
Rationale: Lake Superior fish consumption advisories are primarily driven by PCBs and secondarily by mercury.
Other fish consumption advisories for Lake Superior are due to elevated levels of dioxins/furans and toxaphene.
Substantial improvements have been observed in the levels of all of these contaminants during the last 45 years;
however, the levels appear to be unchanging in the recent years (e.g., Figures 1 and 2). Average levels of both PCBs
(0.019-0.27 µg/g) and mercury (0.10-0.31 µg/g) mostly remain in the “Fair” category (Figures 1 and 2, Table 2).
However, new monitoring data are needed to better assess the current status and short-term trend with
confidence. Considering improved contaminant levels in edible fish tissue during the last 20 years, fish consumption
advisories are expected to improve when more widespread new monitoring data are collected.
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Lake Michigan
Status: Fair
10-Year Trend: Improving
Long-term Trend (1975-2019): Improving
Rationale: PCB levels in Lake Michigan fish were historically among the worst in the Great Lakes, but substantial
improvements have now resulted in diminished differences when compared with the other Great Lakes.
Nevertheless, the most recent Lake Michigan PCB measurements remain typically higher than the other Great Lakes
(Figure 1), and have been primarily responsible for fish consumption advisories in Lake Michigan. During the last
decade, Coho Salmon showed improved PCB levels; however, Chinook Salmon, Lake Trout, Walleye and Lake
Whitefish showed worsening levels of PCBs (Figure 1). For mercury, Lake Trout levels improved, and Coho Salmon
and Whitefish levels remained unchanged, but Chinook Salmon and Walleye levels deteriorated (Figure 2). A closer
examination of the recent monitoring data indicated that differences in measurements collected by different states
over the years and low number of measurements in some cases have contributed to the variability. In order to
improve the understanding of the current status and trends for Lake Michigan, a coordinated lake-wide monitoring
and comprehensive statistical analysis of fish PCB and mercury levels is recommended. Meanwhile, in the absence
of reliable new data, previous assessments of “fair” status and “improving” recent trend have been continued in this
update.

Lake Huron
Status: Good
10-Year Trend: Improving-Unchanging
Long-term Trend (1976-2018): Improving
Rationale: In the 2019 SOGL report, it was noted that although PCB and mercury levels in Lake Huron fish
improved during the 1970s and 1980s, slower improvements have been observed since then (Figure 1). This
slowdown was attributed to disturbances in the food web structure of Lake Huron due to invasive species. The
most recent monitoring data considered in this reporting cycle has indicated continued decline in the level of PCB
(Figure 1), which has been the prime contaminant responsible for the fish consumption advisories for Lake Huron.
Mercury levels appear unchanging over the past couple of decades, but these levels have been considered generally
low (Figure 2, Table 2). Overall, recent levels of PCB (26-110 ng/g) and mercury (0.09-0.25 µg/g) in edible fish
tissue have on average been categorized as “Good” (Figures 1 and 2, Table 2), compared to “Fair” in the SOGL
2019 assessment.

Lake Erie
Status: Fair
10-Year Trend: Improving
Long-term Trend (1976-2019): Improving
Rationale: PCB and mercury levels in Lake Erie fish were historically among the lowest and improved further during
the 1970s and 1980s (Figure 2). However, as reported in the SOGL 2019 report, these levels then stabilized and, in
some cases, slightly increased (Figure 2). The increase in mercury and PCB levels were attributed to possible
alterations of the food web from invasive species such as mussels and round goby (Hogan et al. 2007, Bhavsar et

STATE OF THE GREAT LAKES 2022 TECHNICAL REPORT

2

al. 2010). The recent measurements for this assessment have been generally lower and indicate improved trends on
both long- and short-term basis (Figures 1 and 2). Recent mercury levels (0.01-0.21 µg/g) in edible fish tissue have
been categorized as “Good”, but PCB levels (89-436 ng/g) have been categorized as “Fair” in some cases (Figures 1
and 2, Table 2).

Lake Ontario
Status: Fair
10-Year Trend: Improving
Long-term Trend (1976-2019): Improving
Rationale: PCB levels in edible portions of Lake Ontario fish were among the worst in the Great Lakes but have
generally shown over 90% improvements since the 1970s (Figure 1). Despite such substantial improvements, PCB
levels still remain elevated compared to the advisory benchmarks causing the majority of restrictions advised on
eating Lake Ontario fish. The levels (25-266 ng/g), however, are considered “Fair” and are closer to the “Good”
category than “Poor” (Figure 1, Table 2). PCB levels during the last 10 years in all five types of fish examined
suggest that Lake Ontario is continuing to improve. Mercury levels have also declined by about half during the last
40-50 years (Figure 2). The most recent mercury levels (0.09-0.17 µg/g) in limited sizes of all five types of fish
examined are considered low (Figure 2, Table 2).

Status Assessment Definitions
Good: Recent average mercury concentration <0.25 parts per million (ppm or µg/g) and PCB concentration <0.1
ppm in edible fish tissue typically resulting in 8 or more meals per month advisories.
Fair: Recent average mercury concentration between 0.25 and 1 ppm or PCB concentration between 0.1 and 1
ppm in edible fish tissue typically resulting in 1 to 4 meals per month advisories.
Poor: Recent average mercury or PCB concentration >1 ppm in edible fish tissue typically resulting in <1 meal per
month or “do not eat” advisories.
Undetermined: Contaminant data have not been available or have been insufficient to assess condition of the
ecosystem components.

Trend Assessment Definitions
Improving: Concentrations of PCBs and mercury are on average declining.
Unchanging: Concentrations of PCBs and mercury are not declining or increasing.
Deteriorating: Concentrations of PCBs and mercury are on average increasing.
Undetermined: Insufficient information to derive trends with confidence.

Endpoints and/or Targets
An assessment of contaminants of interest in edible fish tissue can help track progress towards meeting the
Ecosystem Objective of “Fish in the Great Lakes ecosystem should be safe to eat. Consumption should not be
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limited by contaminants originated from human activities”. Assessments include long term and short-term trend
evaluation of levels of contaminants of concern in edible fish tissue. A declining trend for these contaminants
represent an improvement in the environment and the potential for reduced exposure to contaminants from
consumption of Great Lakes fish. The elimination of restrictive fish consumption advisories or a change from more
restrictive to less restrictive fish consumption advice in the Great Lakes may also be considered to be an appropriate
endpoint (See Tables 1 and 2).

Sub-Indicator Purpose
The purpose of this sub-indicator is to assess levels of contaminants that pose a risk to human health and infer the
potential harm through the consumption of Great Lakes fish. Special emphasis has been paid to contaminants that
have triggered fish consumption advisories such as persistent, bioaccumulative, and toxic (PBT) contaminants,
including mercury and PCB in edible fish tissue of Great Lakes fish.
This Contaminant in Edible Fish report includes contaminant information for the fillet of the fish that are typically
consumed by people. The Toxic Chemicals in Whole Fish sub-indicator report includes contaminant information for
the bones, organs, scales, blood, etc. of the fish. Other differences exist in the species of fish reported and the
chemicals assessed in each report.

Ecosystem Objective
Fish in the Great Lakes ecosystem should be safe to eat. Consumption should not be limited by contaminants
originating from human activities.
This sub-indicator best supports work towards General Objective #3 of the 2012 Great Lakes Water Quality
Agreement (GLWQA) which states that the waters of the Great Lakes should “allow for human consumption of fish
and wildlife unrestricted by concerns due to harmful pollutants”
Both the U.S. and Canadian agencies monitor contaminants in edible portions of Great Lakes fish to provide advice
on safe consumption. This sub-indicator assesses the status of the ecosystem by comparing contaminant
concentrations in fish to risk-based contaminant levels established by fish advisory programs that result in
consumption advice (Tables 1 and 2). The outcome of this comparison is then used to relate the ecosystem status to
General Objective #3 of the GLWQA.

Measure
Concentrations of contaminants (e.g., PCBs, mercury) from the edible fish tissue of species most consumed by Great
Lakes basin citizens are used as an indicator of exposure to these contaminants. Temporal trends of contaminants
and assessment of the risk-based advisory levels associated with these contaminants are used to track progress
toward meeting the Ecosystem Objective. Levels of contaminants in fish are measured in individual or composited
samples noting that they vary by type and size of fish and by location. Choosing appropriate indicator species is
crucial and should be based on fish consumption patterns and availability of data, both of which can change over
time. Therefore, there may not be complete consistency between reporting years.
For the Province of Ontario, fish are collected annually, in accordance with the Fish Contaminant Monitoring
Program of the Ontario Ministry of the Environment, Conservation and Parks (OMECP). US samples are collected
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according to the Great Lakes State programs. For the status assessment, levels and trends of PBT chemicals in the
most edible portion of fish (i.e., fillets) are assessed and compared against the concentration cut-off criteria derived
from the advice categories used by the Province of Ontario and U.S. Great Lakes States identified in the Guide to
Eating Ontario Fish and the Protocol for a Uniform Great Lakes Sport Fish Consumption Advisory (Tables 1 and 2).
Since the 1970s, there have been improvements in the levels of many PBT contaminants in the Great Lakes basin
due to bans on their use and/or production and restrictions on emissions. However, because of their ability to persist
in the environment and bioaccumulate, some PBT contaminants continue to be of concern. Historically, elevated
levels of a variety of contaminants including PCB, mercury, dioxins/furans, mirex and toxaphene have restricted
consumption of Great Lakes fish. However, concentrations of many PBTs, including toxaphene and mirex, have
declined to levels such that they can be eliminated from regular monitoring to prioritize resources for other purposes
such as monitoring contaminants of emerging concern (CECs, Gandhi et. al 2014, 2015). Because PCB and mercury
are currently the most limiting contaminants in eating Great Lakes fish, the assessment is largely evaluated based
on findings of PCB and mercury. PCB concentrations are high enough that they are the predominant chemical
driving the fish consumption advice. When providing advice due to PCB and mercury, the advice is believed to be
protective enough against all other monitored chemicals.
Monitoring of CECs continues to be a priority for Provincial, State, and Tribal programs as concentrations and
toxicity of these contaminants continue to be assessed for inclusion into advice. At this time, however, risks due to
the identified CECs do not exceed those from PCBs and mercury. For this assessment, per- and polyfluoroalkyl
substances (PFASs) were considered, but polybrominated diphenyl ethers (PBDEs) and polychlorinated
naphthalenes (PCNs) were omitted because fish consumption is not considered the primary route of exposure at
present (Gandhi et al. 2017a, Gewurtz et al. 2018, Lorber 2008). Levels of PBDEs appear to have declined in edible
fish tissue by 46–74% between 2006/07 and 2012, and although they will remain in-use in existing consumer
items for a while, their accumulation in fish will not be substantial (Gandhi et al. 2017a). Similarly, the levels of PCNs
are relatively low in Great Lakes fish, and important PCN contaminants (PCN-66/67) appear to have declined
between 2006 and 2012 (Gewurtz et al. 2018). These trends are complemented by previously reported decrease in
PCNs in Lake Ontario Lake Trout between 1979 and 2004 (Gewurtz et al. 2009).

Ecological Condition
History and Background
Fish contaminant monitoring data included in this assessment include those produced annually by Ontario’s Fish
Contaminant Monitoring Program, individual State monitoring programs, and results of the 2010 Great Lakes
Human Health Fish Tissue Study. In 2009, U.S. EPA’s Great Lakes National Program Office’s Great Lakes Fish
Monitoring and Surveillance Program eliminated the edible fish analysis portion of its program, refocused its efforts
on identifying emerging contaminants in whole fish, and therefore could not contribute new data to this subindicator. The analysis for this sub-indicator was limited to fish species that are of interest for human consumption
as well as are good indicators of contaminants of concern (i.e., PCB and mercury). Five selected fish species were
Lake Trout, Walleye, Lake Whitefish, Coho Salmon, and Chinook Salmon. Fish contaminant levels can be influenced
by age, and thereby size, of fish. To prepare spatial and temporal trends, narrow size ranges of 55-65 cm for Lake
Trout, Coho Salmon and Chinook Salmon, and 45-55 cm for Walleye and Lake Whitefish were considered. Samples
included in the analysis for this sub-indicator were selected to provide results from the widest temporal and spatial
scale. This broad scale approach was accomplished by soliciting data generated by the Province of Ontario, the 8
Great Lakes State monitoring programs, and U.S. EPA’s 2010 Great Lakes Human Health Fish Tissue Study.
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Ontario’s Fish Contaminant Monitoring Program
Ontario started monitoring contaminants in fish in the late 1960s. Ontario’s Fish Contaminant Monitoring Program
was formally established in 1976, and the first fish consumption advisories were issued in 1977. Staff from the
Ontario Ministry of Natural Resources and Forestry and OMECP collect the fish, which are then analyzed by OMECP
for a variety of substances, including mercury, PCBs, mirex, DDT, dioxins, and contaminants of emerging concern
(e.g., PBDEs, PFASs). The results are used to develop the Guide to Eating Ontario Fish, which give size-specific
consumption advice for each species and location tested. The Guide to Eating Ontario Fish gives advice to anglers,
subsistence fishers and their families, and First Nations and Métis communities in determining which fish species
and what size caught from Ontario water bodies can be consumed to minimize exposure to toxins. The Guide
compiles information for more than 2,500 locations around the Province of Ontario, including about 60 regions
covering the Canadian waters of the Great Lakes.

Great Lakes Human Health Fish Tissue Study
U.S. EPA’s Office of Water, Great Lakes National Program Office, and Office of Research and Development
collaborated to conduct the Great Lakes Human Health Fish Tissue Study. The Great Lakes Human Health Fish
Tissue Study was initiated in 2010 under the Agency’s National Coastal Condition Assessment (NCCA), and it is the
first statistically based study of fish contamination in the Great Lakes. Fish samples were collected from 157
randomly selected sites in 2010 and 152 randomly selected sites in 2015 throughout the five U.S. Great Lakes.
Fillet samples were analyzed for mercury, PCBs, PBDE, PFAS, and omega 3 fatty acids in 2010. Fillet samples were
analyzed for mercury, PCBs, PFAS, Dioxin and Furans, Emerging Chemicals, and omega 3 & 6 fatty acids in 2015.

Great Lakes Consortium for Fish Consumption Advisories
The Great Lakes Consortium for Fish Consumption Advisories (Consortium) is a collaboration of fish advisory
program managers from government health, water quality, and fisheries agencies in the eight U.S. states bordering
the Great Lakes and Province of Ontario. The purpose of the Consortium is to share information about contaminants
found in fish of the Great Lakes region, evaluate human health effects of those contaminants, and develop protocols
and methods for determining fish consumption advice and communications. The Consortium has its roots in a
taskforce formed in the early 1980s. Consortium membership is fluid but typically includes representatives from the
eight U.S. states bordering the Great Lakes - Indiana, Illinois, Michigan, Minnesota, New York, Ohio, Pennsylvania
and Wisconsin. Staff from the OMECP, and the Great Lakes Indian Fish and Wildlife Commission also participate.
The following goals for fish consumption advisories guide the continuing work of the Consortium: 1) Develop
common methods for determination of consumption advice and implement consistent advice for shared waters, 2)
use, share, and advance credible data and science, 3) evaluate the risks and benefits of consuming Great Lakes fish
to develop a shared understanding among Consortium members and incorporate these messages into fish
consumption advice, and 4) establish and utilize best practices for communicating risks and benefits and influencing
the behavior of fish consumers. Members provided contaminant concentration data for this sub-indicator.

PCB
Level of total PCB in fish ranged from a few hundred to thousands of nanograms per gram (ng/g) during the 1970s
(Figure 1). In many cases, these historical levels were higher than the PCB advisory benchmark of about 2 µg/g or
parts per million (ppm) at that time (Table 1). PCBs were banned during the late 1970s, which spurred declines in
their environmental levels. PCB concentrations have declined substantially over the past four decades in all of the
Great Lakes (Figure 1). The declines varied by fish type and lake, but were as much as >90% in many cases. Recent
PCB levels in selected sizes of fish from the five Great Lakes are <0.5 µg/g.
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Scientific studies conducted between the 1980s and 2000s highlighted greater toxicity of PCBs, which resulted in
lower advisory benchmarks over time. At present, the advisory benchmarks for severe restriction on fish
consumption (i.e., not more than 1-2 meals per month) are about an order of magnitude lower than the pre-1990s.
As such, despite substantial declines in the fish PCB levels, PCBs continue to be of concern for health of humans
consuming Great Lakes fish.
PCBs levels appear to be improving in most cases albeit at a slower rate compared to the historical declines during
the 1970s and 1980s. A deteriorating trend observed for PCBs in Lake Michigan fish needs to be confirmed with
more comprehensive monitoring as discussed above. A greater variability and slower declines at lower levels are
typical and other stressors (e.g., invasive species, climate change) may be contributing to the slower improvements.
These factors can affect food web dynamics and contaminant pathways to fish higher in the food chain. See
Linkages section.

Mercury
Mercury concentrations in fish historically exceeded fish consumption advisory benchmarks more frequently than in
current years (Figure 2). The levels have generally declined by about half over the last four decades, and the
concentrations in the selected sizes of fish from the five Great Lakes are now below 0.25 µg/g (Figure 2).

PFASs
Emerging contaminants, such as PFASs, in edible portion of Great Lakes fish continue to be a priority for monitoring
and surveillance for the Great Lakes States and the Province of Ontario. The Province of Ontario and the Great
Lakes States have been examining levels of PFASs in fish, and have issued site-specific advice where fish have
been tested for elevated perfluorooctane sulfonic acid (PFOS), a chemical of the PFAS family. A recent publication
on PFAS from the National Coastal Conditions Assessment and the National Rivers and Streams Assessment
identified that PFOS was the most dominant PFAS found in their samples and that maximum PFOS concentrations
were 127 and 80 ng/g in urban river samples and Great Lakes samples, respectively (Stahl, et al. 2014). Recently,
fish consumption advisories for select Great Lakes fish/locations were issued by the Province of Ontario and State
of Wisconsin due to elevated PFAS levels in some select fish at certain Great Lakes locations. Overall, levels of
PFAS have resulted in only about 1% of the fish consumption advisories issued. For this reason, a detailed
assessment was not conducted for PFAS in this reporting cycle. However, it would be appropriate to continue
monitoring PFASs in the edible portions of Great Lakes fish and shall be considered in the future reports as
necessary.

Dioxins/furans, Toxaphene and Mirex
Previous reporting cycles identified that dioxins/furans, toxaphene and mirex are less of a concern than the
dominant contaminants that drive consumption advice, such as PCBs and mercury, from the perspective of health
risk to humans through fish consumption. Levels of these contaminants have declined over the last 30-40 years and
continue to decline in recent years (Gandhi et al. 2014, 2015, 2019). The recent levels have resulted in relatively
minor restrictions on eating Great Lakes fish. For this reason, dioxins/furans, toxaphene and mirex are no longer
reported in this sub-indicator.

Omega-3 Fatty Acids
Omega-3 Information, Research, and Future work
Fish contain beneficial nutrients such as Omega-3 fatty acids, high quality lean protein, minerals and vitamins.
Omega-3 fatty acids have been identified as important for development of the young brain, and have been
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associated with reductions in chronic diseases. It is important to consider both the risk of contaminants and the
benefits of fatty acids when choosing fish for consumption. Contaminants of concern are generally greater in older
fish and Omega-3 fatty acids are highest in cold water species. One can gain the most benefit while minimizing the
risk by consuming a variety of smaller cold-water fish and by following the appropriate consumption advisory.
Omega-3 fatty acids are polyunsaturated fatty acids (PUFA) with three nutritionally important fats: α-linolenic acid
(ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). Humans are unable to synthesize Omega-3
fatty acids in the body, but can obtain them through diet. ALA is generally found in plant oils, while EPA and DHA
are commonly found in fish oils and seaweed and phytoplankton. Benefits associated with consuming Omega-3
fatty acids include improved cognitive ability and cardiovascular health. However, depending on concentrations
present, the benefit of Omega-3 fatty acids through the consumption of Great Lakes fish may not outweigh the risk
of exposure to toxic chemicals, such as mercury and PCBs. Research regarding the risk and benefit relationship of
consuming fish is ongoing. Researchers are attempting to add to this body of knowledge through 1) generation of
fatty acid data for Great Lakes fish species, currently a significant gap, 2) comparing those fatty acid levels to
contaminant concentrations, and 3) ultimately incorporating into fish consumption advice (Ginsberg et al 2009,
Ginsberg et al, 2015, Groth et al, 2017, Neff et. al. 2014a, Stern et al 2011, Turyk et. al 2012, Williams et. al 2014).
In more recent years, State and Provincial governments responsible for issuing consumption advice have shifted
their attention towards both the risks and benefits of consuming Great Lakes fish when setting fish consumption
advisories. Although some quantitative analysis based on mercury and fatty acids has been completed (Ginsberg
2016), at present, this is achieved qualitatively by assessing both the contaminant burden of fish and their levels of
fatty acids. While more monitoring data are needed to understand the levels of fatty acids in Great Lakes fish, there
is evidence that Great Lakes fish can be a good source of beneficial long chain polyunsaturated fatty acids. For
example, recent assessments by U.S. EPA’s Office of Science and Technology, and the Province of Ontario indicate
that concentrations of EPA and DHA in common species from the Great Lakes increase with fish length (Figure 3).
This is supported by a recent assessment of 13 Wisconsin sport fish which found that fish length was positively
correlated with total fatty acid for all of the fish assessed but that the correlation was not positive for any individual
species (Williams et. al. 2014). Additionally, the study showed that of the species assessed, salmonids generally
contained the highest total fatty acids while percids and centrarchids contained the lowest concentrations, and that
fish diet was a better predictor of fatty acid concentration than taxonomic family (Williams et al. 2014).
EPA and DHA contents are generally higher in fatty, large fish; however, these fish also typically contain greater
levels of PCBs (Neff et al. 2014a). Limited data have indicated that EPA and DHA content in Lake Erie fish are
comparable to some commercially-sourced fish and shellfish such as Yellowfin Tuna, shrimp, Pacific Cod, halibut,
lobster and scallops (Neff et al. 2014a). Based on concurrent measurements of contaminants and fatty acids, it was
concluded that consumption of certain Lake Erie fish within the limits of the fish consumption advisories can be a
good supplemental source of PUFA (Neff et al. 2014a). Further, cooking generally has little effect on Omega-3 fatty
acid content of fish (Neff et al. 2014b). As such, cooking fish on a grill to let fat and associated organic contaminants
such as PCB drip away is a good approach to enhance benefits over risk of eating Great Lakes fish. More
comprehensive fatty acid and contaminant data are needed to provide consumption advice that not only considers
the risk of consuming Great Lakes fish, but also the benefits.
It is well recognized that fish consumption can present both benefits and risks. The overall risk-benefit of eating fish
is affected by various factors. Although scientific studies have begun to evaluate the health benefits against the
risks of eating contaminated fish, our understanding is still limited due to differences in the benefits of various
nutrients and health risks from different contaminants. This makes it challenging to compare benefits and risks in
every case. Because of the current limitations, the fish consumption advisories issued for the Great Lakes continue
to be based only on contaminant risk. Future reports would continue to show the change in contaminant levels in
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fish and may also show the benefit of consuming Great Lakes fish resulting in a more comprehensive assessment of
“fish-ability.”

Linkages
Sources of chemical contaminants, and their cycling through the ecosystem, vary among the lakes. Therefore, it is
important to have an understanding of how contaminants arrive to the Great Lakes and ultimately into fish species
through diet, in addition to the presence of contaminants and their potential harm. This sub-indicator can easily be
linked to most of the sub-indicators in the Toxic Chemicals indicator:
• Toxic Chemicals in Whole Fish
o

•

Toxic Chemicals in Herring Gull Eggs
o

•

Toxic chemicals found in fish eating and colonial nesting waterbirds can be closely linked with
the levels of those chemicals in whole fish and edible portion of fish that may be consumed by
the waterbirds.

Toxic Chemicals in Water
o

•

Levels of toxic chemicals found in the edible portions of fish can be related to their corresponding
whole body levels. As such, the trends presented for whole body Lake Trout and Walleye can be
compared to the trends presented in this indicator for the edible portion of those species.

Fish are exposed to toxic chemicals via diet and gill uptake. The levels of toxics in water can
therefore be an indicator of a partial exposure to fish and can be linked with the levels found in
the edible portion of fish.

Toxic Chemicals in Sediment
o

The levels of toxic chemicals in fish can be linked with the corresponding levels in sediment as
fish can acquire toxic chemicals from lower trophic level species such as benthos that are in
contact with sediment through food web processes.

It should be noted that other external factors such as invasive species and climate change can affect fish
contaminant trends regardless of overall declines in active pools of contaminants in the system. For example,
invasions of mussels and Round Goby in Lake Erie appear to have increased transfer of contaminants historically
deposited in the sediments to higher trophic level fish (e.g., Bhavsar et al. 2010, Hogan et al. 2007). Similarly,
climate change can alter the amount of mercury depositing in the Great Lakes and accumulating in the food web
(Krabbenhoft and Sunderland, 2013).
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Assessing Data Quality
Data Characteristics

Agree

Data are documented, validated, or quality-assured
by a recognized agency or organization

X

Data are from a known, reliable and respected
generator of data and are traceable to original
sources

X

Geographic coverage and scale of data are
appropriate to the Great Lakes Basin

X

Data obtained from sources within the U.S. are
comparable to those from Canada

X

Uncertainty and variability in the data are
documented and within acceptable limits for this
sub-indicator report

X

Data used in assessment are openly available and
accessible

Neutral or
Unknown

Disagree

Not
Applicable

No

Data Limitations
Data for use in developing indicators exist; however there are differences in extent, frequency and methods of
sample collection as well as analytical techniques for contaminant measurements within and among jurisdictions.
Status and trend assessments were based on data generated by the Province of Ontario for Lake Superior, Lake
Huron, Lake Erie and Lake Ontario. Lake Michigan status and trend assessments were generated based on data
provided by the U.S. EPA and States of Michigan, Wisconsin, Illinois, and Indiana. Reliance upon a single data
source, such as the Province, allowed for more consistent comparison between reporting cycles but may not reflect
the status and/or trends at the State level.

Additional Information
There are differences in the way fish samples are analyzed for contaminants and fish consumption advisories are
developed in the U.S. and Canada. This means that the data and fish consumption advisories cannot be directly
compared between the two countries. For this sub-indicator, more consistent data generated by the Province of
Ontario for fish from the Canadian waters of the Great Lakes (1 provincial agency versus 8 states) were mostly
utilized for Lakes Ontario, Erie, Huron and Superior, while data generated by the U.S. agencies were utilized for Lake
Michigan. Since large bodied fish considered in this assessment have large home ranges and likely move across the
border, utilization of only Ontario data for Lakes Superior, Huron, Erie and Ontario should not be a major concern. A
comparison of the recent contaminant levels to the corresponding advisory benchmarks has been provided by
considering similarities in the benchmarks used by the agencies on both sides of the border.
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An increased focus on emerging contaminants is occurring in monitoring programs in the U.S. and Canada. While
U.S. EPA’s Great Lakes National Program Office no longer collects or analyzes edible fish tissue samples, the Office
has instituted an Emerging Contaminants Surveillance Program in whole fish that looks to identify the presence or
absence of emerging contaminants of interest and will inform State monitoring and advisory programs.
The Ontario Ministry of the Environment, Conservation and Parks continues to monitor contaminants of long term
concern such as PCB, dioxins/furans, mercury and organochlorine pesticides. During the last decade, the Province
has started analyzing some contaminants of emerging concern for the Great Lakes environment such as PBDEs,
PFASs and PCNs in selected fish samples.
It should be noted that the analysis presented in this sub-indicator report is cursory and a more in-depth data
analysis of the monitoring data is recommended to draw a firm conclusion on contaminant trends. Monitoring data
for the connecting channels of the Great Lakes were not considered as fish captured from the channels could be
migratory and the data may not reflect the local conditions.
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Figure 1. Total PCB concentrations (ng/g) in five fish species from the Great Lakes observed between 1975 and
2019 with focus on 2000 onwards. Lake Michigan measurements were for skin-on fillets, while skin-removed fillets
for the other lakes. Conversion factor: 1000 ng/g = 1 µg/g or parts per million (ppm). Dashed red and green lines
represent the cut-off criteria above/below which the levels would be considered “poor” and “good”, respectively, as
per Table 2.
Source: Ontario Ministry of the Environment, Conservation and Parks, U.S. Environmental Protection Agency,
Indiana Department of Environmental Management, Illinois Environmental Protection Agency, Wisconsin
Department of Natural Resources, Michigan Department of Environment, Great Lakes and Energy
Figure 2. Total mercury concentrations (µg/g) in five fish species from the Great Lakes observed between 1975 and
2019. Lake Michigan measurements were for skin-on fillets, while skin-removed fillets for the other lakes. Dashed
green lines represent the cut-off criteria below which the levels would be considered “good” as per Table 2.
Source: Ontario Ministry of the Environment, Conservation and Parks, U.S. Environmental Protection Agency,
Indiana Department of Environmental Management, Illinois Environmental Protection Agency, Wisconsin
Department of Natural Resources, Michigan Department of Environment, Great Lakes and Energy
Figure 3. EPA + DHA (mg/g) compared to the length (cm) of common species from the Great Lakes. The
measurements are for the samples collected between 2010 and 2017.
Source: Ontario Ministry of the Environment, Conservation and Parks and U.S. Environmental Protection Agency
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Table 1. Contaminant Concentrations and Fish Consumption Guidelines set by the Guide to Eating Ontario Sport
Fish (based on Health Canada TDIs) and the Sport Fish Advisory Taskforce. Sensitive population includes women of
childbearing age and children under 15. The green category represents 8+ meals per month advisories that can be
considered “unrestrictive”, yellow represents 1 to 4 meals per month or “partial restriction”, and red represents 0 to
half meal per month or “severe restriction”. Source: Ontario Ministry of the Environment, Conservation and Parks
and Great Lakes Sport Fish Advisory Task Force (PCB Protocol 1993, Mercury Protocol 2007).

Table 2. Contaminant Concentration criteria used for the status assessments. The criteria were based on the
consumption limits presented in Table 1 and are used to determine the status assessments of Good, Fair and Poor.
The concentrations are in µg/g or parts per million (ppm).
Status

PCB (µg/g)

Hg (µg/g)

Good

<0.1

<0.25

Fair

0.1 - 1

0.25 - 1

Poor

>1

>1
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PCB concentration (ng/g)

Chinook Salmon

Coho Salmon

Lake Trout

Lake Whitefish

Walleye

Figure 1. Total PCB concentrations (ng/g) in five fish species from the Great Lakes observed between 1975 and
2019 with focus on 2000 onwards. Lake Michigan measurements were for skin-on fillets, while skin-removed fillets
for the other lakes. Conversion factor: 1000 ng/g = 1 µg/g or parts per million (ppm). Dashed red and green lines
represent the cut-off criteria above/below which the levels would be considered “poor” and “good”, respectively, as
per Table 2. Source: Ontario Ministry of the Environment, Conservation and Parks, U.S. Environmental Protection
Agency, Indiana Department of Environmental Management, Illinois Environmental Protection Agency, Wisconsin
Department of Natural Resources, Michigan Department of Environment, Great Lakes and Energy
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Mercury concentration (µg/g)

Chinook Salmon

Coho Salmon

Lake Trout

Lake Whitefish

Walleye

Figure 2. Total mercury concentrations (µg/g) in five fish species from the Great Lakes observed between 1975 and
2019. Lake Michigan measurements were for skin-on fillets, while skin-removed fillets for the other lakes. Dashed
green lines represent the cut-off criteria below which the levels would be considered “good” as per Table 2. Source:
Ontario Ministry of the Environment, Conservation and Parks, U.S. Environmental Protection Agency, Indiana
Department of Environmental Management, Illinois Environmental Protection Agency, Wisconsin Department of
Natural Resources, Michigan Department of Environment, Great Lakes and Energy.
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Figure 3. EPA + DHA (mg/g) compared to the length (cm) of common species from the Great Lakes. The
measurements are for the samples collected between 2010 and 2017. Source: Ontario Ministry of the Environment,
Conservation and Parks and U.S. Environmental Protection Agency.
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