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Executive Summary

Areas of Concern (AOCs) are geographic areas in the Great Lakes that were identified
in the mid-1980s because water quality and ecosystem health had been severely
degraded by human activities to the point that beneficial uses were impaired. The
Canadian and Akwesasne section of the St. Lawrence River that spans from the Moses-
Saunders power dam in Cornwall, Ontario, to the outlet of Lake St. Francis in
Beauharnois, Québec was identified as the St. Lawrence River (Cornwall) AOC due to
contamination of sediment and exceedance of water quality objectives, largely resulting
from many years of industrial activities along the Cornwall waterfront.

A total of 14 beneficial use impairments (BUIs), corresponding to deleterious changes in
the chemical, physical or biological integrity of the Great Lakes system, were defined
and used to designate AOCs throughout the Great Lakes basin. The high prevalence of
neoplasms in fish populations of the Great Lakes led to the inclusion of ‘fish tumours or
other deformities’ as one of the 14 BUls. The International Joint Commission (1JC)
Listing Guideline for this BUI stipulated that the beneficial use was considered to be
impaired “when the incidence rates of fish tumours or other deformities exceed rates at
unimpaired sites or when survey data confirm the presence of neoplastic or
preneoplastic liver tumours in bullheads or suckers”. The lack of guidance regarding
how ‘unimpacted or control sites’, ‘preneoplastic liver tumours’, and ‘background rates’
were defined led to different AOCs using different listing/delisting criteria for the
assessment of this BUI.

The St. Lawrence River (Cornwall) Remedial Action Plan first identified 11 beneficial
uses that were impaired by the state of the ecosystem, and three which required further
assessment. The status of Fish Tumours or Other Deformities, originally considered to
be impaired, was changed to ‘Requires Further Assessment’ in the Stage 2 Report
(1997). As no delisting criteria had been formally established, the IJC Listing Guideline
was used for reference. Delisting criteria established for other AOCs included liver
tumour prevalence lower than 5% in white suckers, tumour prevalence in fish from
contaminated sites not statistically exceeding that of fish from reference sites, and
prevalence of liver tumours in brown bullheads (3-5 yr old) lower than the background
level for the Great Lakes basin (2%).

Although this beneficial use was subsequently identified as not being impaired in the
AOC based on the assessment provided in the Draft Stage 3 Report (2014), an update
was required in order to finalize its assessment and designation. A systematic literature
review was conducted to gather recent information relevant to the Fish Tumours or
Other Deformities beneficial use for the St. Lawrence River (Cornwall) AOC and nearby
areas. Initially sixteen relevant records addressing the prevalence of tumours in fish
from AOCs were found. However, only two reported on a study relevant to fish health in
the AOC and highlighted that the presence of tumours in fish generates high levels of



concern within the public. The other records focused on US, binational or Canadian
AOCs and presented information beyond the histopathological approaches
conventionally used to assess this beneficial use.

The Draft Stage 3 Report, completed in 2014, presented data on the prevalence of liver
tumours in brown bullhead in the St Lawrence River (Cornwall) AOC collected in 2004-
2005 against the background prevalence rate for bullheads from other Great Lakes and
St. Lawrence River sites (Baumann 2010a). It was found that brown bullhead from the
St Lawrence River (Cornwall) AOC did not exceed the impairment criterion of 2%
established as the background prevalence for the Great Lakes (Baumann 2010a). This
analysis was recently advanced using novel statistical approaches that controlled for
covariates such as fish age, weight and length (Visha et al., 2021). The authors
concluded that there was low probability of neoplastic tumours in exposed fish within the
AOC.

A review of polycyclic aromatic hydrocarbons (PAH) data for the St. Lawrence River
along the Cornwall waterfront indicates that current concentrations of PAHs in surface
sediments are similar to concentrations reported prior to 2004-2005, and fall below the
provincial severe effect limit. As major local industrial sources to the river have been
abated and a sediment strategy program limiting alterations to the sediments has been
in place since 2005, conditions in the AOC with respect to the potential for exposure of
fish to PAHs have been stable or improved since the Baumann (2010a) report. Our
review of the available data supports the Draft Stage 3 assessment that the Fish
Tumours or Other Deformities beneficial use is ‘Not Impaired’.

Disclaimer

This Environmental Status Report specifically assessed the Fish Tumours or Other Deformities Beneficial
Use within the St. Lawrence River (Cornwall) Area of Concern (AOC). It is not meant to be a thorough
review of fish health within the AOC and should not be considered as such.
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1. Introduction and statement of BUI and criteria

1.1. Areas of Concern and Beneficial Use Impairments

Areas of Concern (AOC) were identified by the International Joint Commission (IJC) and
defined under the Great Lakes Water Quality Agreement (GLWQA, 1987) as
“geographic areas that fail to meet the general or specific objectives of the agreement
where such failure has caused or is likely to cause impairment of beneficial uses or of
the area’s ability to support aquatic life”. A total of 43 AOCs were established, 12 of
which were entirely within Canadian waters of the Great Lakes basin and five were a
shared responsibility between Canada and the United States (Environment Canada,
1992).

Under the agreement, impairments of beneficial uses were defined as changes in the
chemical, physical or biological integrity sufficient to cause any of the conditions
presented in Table 1 (GLWQA, 1987).

Table 1. Beneficial Use Impairments (BUIs) in Areas of Concern within the Great Lakes
Basin (Annex 2; GLWQA, 1987). Blue shading indicates the BUIs of the St. Lawrence
River (Cornwall) AOC (Remedial Action Plan Stage 1 Report, 1992). Yellow shading
indicates beneficial uses that were not identified as impaired, but as requiring further
assessment.

_ Restrictions on fish and wildlife consumption

2 Tainting of fish and wildlife flavour
Degradation of fish and wildlife populations
- Fish tumours or other deformities
5 Bird or animal deformities or reproductive problems

Degradation of benthos

Restrictions on dredging

Eutrophication or undesirable algae

Restrictions on drinking water, or taste and odour problems
Beach closings

Degradation of aesthetics

Added costs to agriculture and industry

Degradation of phytoplankton and zooplankton populations

! Loss of fish and wildlife habitat




1.2. The St. Lawrence River (Cornwall) Area of Concern

The Canadian section of the St. Lawrence River AOC spans from the Moses-Saunders
power dam in Cornwall, Ontario, to the outlet of Lake St. Francis in Beauharnois,
Québec (Figure 1). Sections of the upper St. Lawrence River were identified as an AOC
due to contamination of sediment with polychlorinated biphenyls (although this issue
was mainly prevalent on the US side) and exceedance of water quality objectives for
phenols and coliforms (IJC, 1985). High concentrations of mercury (Hg) and other
metals were subsequently identified in the Canadian section of the AOC. This
contamination largely represents the legacy of many years of industrial activities along
the Cornwall waterfront. Other sources of contamination include inputs from Lake
Ontario, atmospheric deposition, municipal discharges, urban and rural runoff, and
sources upstream of Cornwall (Stage 2 Report, 1997).
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Figure 1. Map of the St. Lawrence River (Cornwall) Area of Concern. Source:
http://publications.gc.ca/collections/collection 2011/ec/En164-22-1-2011-eng.pdf

In recent years, Hg has been identified as the contaminant of primary concern for the
St. Lawrence River (Cornwall) AOC due to high concentrations measured in the
sediment along the Cornwall waterfront (Richman and Dreier, 2001). Despite
administrative controls, improved industrial practices, reduced discharges, and declines
in Hg levels over time, three depositional zones contain sediments that exceed the
Ontario Sediment Quality Guidelines for Hg (OMOECC 2008) within the AOC (Figure 2).


http://publications.gc.ca/collections/collection_2011/ec/En164-22-1-2011-eng.pdf

Furthermore, metals, polycyclic aromatic hydrocarbons (PAHs) and petroleum
hydrocarbons are also present in surface (<10cm depth) sediment (Milani and
Grapentine, 2015; Windle and Ridal, 2016). The Cornwall Sediment Strategy (CSS)
integrates administrative controls and monitored natural recovery to remediate Hg-
impacted sediments within the AOC, by allowing for sedimentation processes to cover
and isolate contaminated sediment layers from the water column and limit activities that
may disperse sediments (deBarros and Anderson 2010).
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Figure 2. Location of the zones of contaminated sediment within the St. Lawrence
River (Cornwall) Area of Concern. Source: https://www.rrca.on.ca/_files/file/brochure-
Cornwall-Sediment-Strategy.pdf?phpMyAdmin=415bcc74a9¢c69072ce5800d6de86a905

Environmental concerns leading to the creation of the St. Lawrence River (Cornwall)
AOC spanned beyond the presence of contaminated sediments along the Cornwall
waterfront. The St. Lawrence River (Cornwall) Remedial Action Plan (RAP) identified 11
beneficial uses that were impaired by the state of the ecosystem and three identified as
requiring further assessment (Table 1; RAP Stage 1 Report, 1992). The status of Fish
Tumours or Other Deformities, originally considered to be impaired, was changed to
Requiring Further Assessment in the Stage 2 Report (1997). To pursue the
redesignation process initiated with the draft stage 3 report, an update on the


https://www.rrca.on.ca/_files/file/brochure-Cornwall-Sediment-Strategy.pdf?phpMyAdmin=415bcc74a9c69072ce5800d6de86a905
https://www.rrca.on.ca/_files/file/brochure-Cornwall-Sediment-Strategy.pdf?phpMyAdmin=415bcc74a9c69072ce5800d6de86a905

environmental status is required for certain beneficial uses, including Fish Tumours or
Other Deformities.

1.3. BUI 4 — Fish Tumours or Other Deformities

Neoplasms, or tumours, correspond to an ‘abnormal mass of tissue, the growth of which
exceeds and is uncoordinated with that of normal tissue and persists in the same
excessive manner after cessation of the stimuli which evoked the change’ (Willis, 1952).
Diseases (e.g. viral infections) or neoplastic conditions (e.g. exposure to carcinogens)
can lead to the formation of different kinds of tumours in fish (e.g. dermal sarcoma,
epidermal papilloma, squamous carcinoma, biliary neoplasm).

Direct links between health impairments in wild fish and the presence of contaminants in
the environment remain hard to establish, largely due to the presence of concurring
stressors. However, high prevalence of neoplasms (i.e. neoplasm epizootics) in fish has
often been associated with the presence of PAHs and other carcinogens (e.g.,
Sonstegard, 1977; Harshbarger and Clark, 1990; Baumann et al., 1991; Hawkins et al.,
1995; Baumann et al., 1996; Baumann, 1998). Because of their bottom-dwelling lifestyle
(Sinnott and Ringler, 1987), direct contact with sediment for long periods (Loeb, 1964),
site fidelity as adult (Millard et al., 2009) and their sensitivity to carcinogens
(Harshbarger and Clark, 1990), brown bullheads (Ameiurus nebulosus) are good
indicators of local environmental conditions (Logan, 2007). However, in brown bullhead,
as in other fish, tumour development is likely to result from both extrinsic and intrinsic
factors (Hawkins et al., 1995). While there is strong evidence that exposure to chemical
carcinogens represents an important risk factor for the development of liver neoplasm in
fish, other factors such as age, sex, and genetics may influence the prevalence of both
liver and skin tumours (Hawkins et al., 1995; Rafferty et al., 2009).

The high prevalence of neoplasm in fish populations of the Great Lakes led to the
inclusion of ‘fish tumours’ as a beneficial use in Annex 2 of the 1987 amendment to the
Great Lakes Water Quality Agreement (Rafferty et al., 2009). The IJC listing criteria
stipulated that the beneficial use was considered to be impaired ‘when the incidence?!
rate of fish tumours or other deformities exceeds rates at unimpacted or control sites, or
when survey data confirm the presence of neoplastic or preneoplastic liver tumours in
bullhead or suckers’ (IJC, 1991). An important caveat of the listing criteria was the lack
of definition of what constitutes ‘unimpacted or control sites’, ‘preneoplastic liver
tumours’, or how ‘background rates’ are calculated (Rafferty et al., 2009). This lead to

1 In epidemiology, incidence refers to the rate of occurrence of new cases of a given affliction and
informs about the risk of contracting it, whereas prevalence corresponds to the percentage of a
population that is affected with a particular disease at a given time. However, it is likely that other work
cited in this report erroneously used the term incidence to refer to the proportion of a population or
sample displaying tumours.



different RAPs using different listing/delisting criteria for the assessment of this BUI (see
section 4, Table 6).

Since no delisting criteria was formally established for the St. Lawrence River (Cornwall)
AOC, the IJC listing criteria has been used as a reference for the assessment of this
beneficial use within the AOC (Draft Stage 3 Report, 2014).

Based on data from many studies on the prevalence of tumours in benthic fish
populations of the Great Lakes basins, it was established that very high tumour
prevalence (>25% for cutaneous papilloma and >5% for hepatic neoplasm) observed in
suckers and bullheads from industrialized sites were associated with exposure to PAHS
and other chemical contaminants and should be interpreted as indicators of
environmental degradation in the area where the fish were surveyed (Baumann et al.,
1996). Subsequently, in a data analysis and fish tumour assessment for AOCs of the
lower Great Lakes and interconnecting waterways (i.e. Detroit River, Wheatley Harbour,
Niagara River, Hamilton Harbour, Toronto and Region, Bay of Quinte, St. Lawrence
River (Cornwall)), Baumann (2010a) proposed a delisting criterion or ‘background
prevalence’ of 2%, based on tumour prevalence values determined using a database of
1,150 fish from reference, far field, and urban sites across these AOCs.

2. Data and Assessments Contained in Stage 1, 2 and 3 Reports

2.1.Stage 1 Report (1992)

The Stage 1 Report presents levels of PAHs measured in water and suspended solids
from a survey conducted in 1988 (Stage 1 Report, 1992). The highest aqueous PAHs
concentrations were measured downstream of Colquhoun Island whereas the highest
concentrations (6.54 ug g-1) in suspended solids were found between Cornwall Island
and St. Regis Island (Stage 1 Report, 1992). Specific sources of PAHs within the AOC
included industrial effluents from Domtar/ICI, Courtaulds Fibres, Courtaulds Films, the
Cornwall sewage treatment plant and industrial sites in Massena, NY, USA (Stage 1
Report, 1992). Other sources include urban runoff, spills of petroleum products, as well
as direct atmospheric deposition to the river.

The report also contains preliminary results (i.e. not confirmed by histopathology) from a
survey of skin lesions and liver tumours conducted in 1990 on walleye (Sander vitreus)
and white suckers (Catostomus commersonii) from Lake St. Francis (no citation or
reference to its authors provided). Approximately 20% of male and 50% of female
walleye showed liver abnormalities (Stage 1 Report, 1992). No conclusions could be
drawn from these preliminary results at the time of publication, but the high prevalence
raised concerns regarding fish health impairment in the AOC. Lymphocystic and dermal
sarcoma induced by viruses were also reported in walleye, which were not considered
indicators of toxicity. No data for white suckers was available at the time of publication,



although the presence of lip papillomas in that species was reported as a condition for
impaired use (Stage 1 Report, 1992).

Because of the concerns raised by the presence of lip papillomas in white suckers and
the high prevalence of liver tumours in walleye, the beneficial use was considered to be
‘Impaired’ pending histological confirmation.

2.2. Stage 2 Report (1997)

In 1994, total PAHs concentrations in sediment downstream of Courtaulds ranged
between <4-20 ug g-1, below the severe effect level in all samples and below the lowest
effect level in most samples, and overall similar to levels measured in industrialized
areas of the Great Lakes basin (Richman, 1996; Stage 2 Report, 1997).

The Stage 2 Report also describes results from a Great Lakes basin-wide study
concluded in 1990 that presented prevalence estimates of 16% for liver tumours in
walleye from Lake St. Francis (Raisin River) compared to 0-0.5% in other sampled
areas. A follow up assessment of liver tumours in walleye was performed in 1995-1996
with fish collected from Lake St. Francis (Raisin River), as well as two reference sites
(Hoople Creek in Lake St. Lawrence and Salmon River in Bay of Quinte). The
prevalence of liver tumours in walleye from the three locations were similar to each
other and to the 1990 values for Lake St. Francis, suggesting that (1) the prevalence of
liver tumour observed in 1990 was not an anomaly in time, and (2) walleye in all three
areas were affected by tumour-causing chemical contamination or tumours were a
natural phenomenon of older walleye (Hayes and Portt, 1996; Hayes and Portt, draft (a
final document could not be located)).

According to Baumann et al. (1996), liver neoplasm were found in 6.1% of white
suckers collected between 1985 and 1990 in the St. Lawrence River (Cornwall) AOC
(n=178), whereas the prevalence of liver tumours ranged between 0-8.6% in white
suckers from five non-AOC reference locations (data from Smith et al., 1995). The
prevalence of liver tumours in white suckers from the St. Lawrence River (Cornwall)
AOC (6.1%) was comparable to that of white suckers collected from other AOCs within
the Great Lakes basin (0.7-9.2%; Baumann et al., 1996).

The data presented in the Stage 2 Report (1997) was considered insufficient to confirm
or reject the possibility of fish health impairment caused by contaminants present within
the AOC. Additional information from uncontaminated sites outside of the AOC was
required at the time of publication to determine if exposure to contaminants induced the
development of tumours, and to establish whether the beneficial use was actually
impaired. The beneficial use was thus assessed as ‘Possibly Impaired’ (i.e. Requires
Further Assessment).
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2.3. Draft Stage 3 Report (2014)

The Draft Stage 3 Report focused on the prevalence of skin and liver pre-neoplasm and
neoplasm in brown bullhead as indicators of fish health impairment within the St.
Lawrence River (Cornwall) AOC. Brown bullhead were selected over walleye as these
fish feed on benthos and come into regular contact with sediments which is the main
repository for legacy contaminants. The draft report also defined deformities as ‘twisted,
missing, forked or bulging body parts including fins, barbels, abdomen or skeleton’,
although assessments had focused on liver tumours thus far.

The prevalence of liver neoplasm in brown bullhead from the AOC (2% at each site) did
not differ statistically from that of fish from the reference site (0%), nor from the
suggested delisting criterion (2%) (Baumann, 2010a; See section 2.4 for an overview of
the study). The beneficial use for the St. Lawrence River (Cornwall) AOC was thus
identified as ‘Not Impaired’ and it was deemed that no further assessment of liver
tumours was required (Baumann, 2010a).

2.4, Summary of the 2004-2005 assessment

The report prepared by Baumann (2010a) presents data analysis of liver tumours and
an assessment of BUI 4 for seven AOCs of the lower Great Lakes and connecting
waterways, including the St. Lawrence River (Cornwall) AOC.

2.4.1. Fish collections and histology

In 2004-2005, 100 brown bullhead were collected in Zone 1 near the bridge in Cornwall
(near field site), another 100 fish were collected from Gray’s Creek (far field site), and
100 fish were sampled in Morrisburg (reference site) during the same period (Baumann,
2010a). Fish were collected using a Smith Root electrofishing boat, anesthetized,
sacrificed, measured and examined for physical abnormalities. The livers were
dissected, preserved, and used for histological evaluation of lesions following methods
described in Blazer et al. (2007) and Baumann (2010a). Only liver neoplasms in wild
fish (e.g. brown bullhead) were included in the BUI evaluation as they represent the
most consistent markers of carcinogen exposure (Baumann, 2010a). Age and gender
were also considered as they may influence tumour prevalence. Age is positively
correlated with tumour prevalence because fish with greater longevity have usually
been exposed to contaminants for longer periods, and because of the latent period
between induction and tumour development (Baumann, 1992; Baumann, 2010a).
Gender related differences in tumour prevalence are less consistent, particularly in wild
exposed populations, but gender equivalency among samples is important for
comparative purposes (Baumann, 2010a).

2.4.2. Background tumour prevalence

Liver tumour prevalence was very consistent among seven reference locations (0-
2.1%), with the exception of Hillman Marsh at Wheatley Harbour (9%; excluded as a
reference site) (Table 2; Baumann, 2010a). Overall median fish age was 6 and females
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comprised 46% of the fish sampled across locations. Baumann (2010a) argued that a
data base of 701 reference fish was more robust (e.g. more likely to be significant) for
comparisons with AOC locations. Therefore, the reference locations were combined into
a single data set. Liver tumour prevalence in brown bullhead of the combined reference
data base was 1% (n=701; Baumann, 2010a).

Table 2. Reference locations, number of fish sampled and prevalence of neoplasms
(Baumann, 2010a). NA = Data not available.

Location Sample size  Median age % female Neoplasm (# / %)
34 5 56

Port Rowan 99 6.5 35 1/1
Point Abino 40 5 50 0/0

Jordan Harbour 193 4 53 3/1.6
Frenchman’s Bay 101 7 50 1/1
Prince Edward Bay 38 NA 38 0/0

Deseronto 96 5 41 2/2.1
Morriburg 100 5 49 0/0
Total / average 701 6 46 711

A similar calculation was made for fish collected from four far field locations. Liver
tumour prevalence in bullhead from the four locations varied between 0% and 4%
(Table 3; Baumann, 2010a). The average median age was 4 years old and the fish
sampled for the group as a whole were evenly split between males and females. Again,
the locations were combined, giving a combined prevalence of 2% (n=267; Baumann,
2010a). A data set of United States locations similar to the Canadian far field sites were
also considered as comparing liver tumour prevalence in fish from urban areas to
pristine sites may not be relevant. These locations included a “reference” location with
modest PAH spikes, two urbanized locations without major point sources, and an AOC
location that was remediated (Table 4; Baumann, 2010a). The brown bullhead in this
data set also have a liver neoplasm prevalence of 2% (n=204), for an overall liver
tumour prevalence of 2% (n=471) for fish from urban sites or locations having a
low/moderate pollution level without a major point source. Since tumour prevalence did
not differ significantly between true reference sites (n=701; 1%) and merged far field
and US sites (n=471; 2%), the two groups were pooled (rounded to n=1,150) into an
impairment criterion data base, with an assigned tumour ‘background prevalence’ rate
of 2% (Baumann, 2010a).
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Table 3. Far field locations, number of fish sampled and prevalence of neoplasms
(Baumann, 2010a).

Location Sample size  Median age % female Neoplasm (# / %)
Gross Isle 25 5.5 (n=4) 56 1/4
Queenston 43 4 48 0/0

Belleville 99 4 51 212

Gray’s Creek 100 4 48 212
Total / average 267 4 50 5/2

Table 4. Locations in the United States, number of fish sampled and prevalence of
neoplasms (Baumann, 2010a).

Location Sample size Neoplasm (#)
Huron River 62 1
Old Woman Creek 59 1
Conneaut River 43 1
Niagara River (US side) 40 1
Total / average 204 4 (2%)

2.4.3. St. Lawrence River (Cornwall) AOC tumour prevalence

The median age of the fish collected within the AOC was 5 years and 46% were
females (Table 5; Baumann, 2010a). The prevalence of liver neoplasm for brown
bullheads from the AOC was 2% and did not differ from the background prevalence
(Baumann, 2010a). Of all the 6 Canadian AOCs studied, the fish from the St Lawrence
River (Cornwall) AOC had the lowest prevalence rate (2%) with highest found in
Hamilton Harbour (5.5%), a site with legacy PAH issues.
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Table 5. Canadian AOCs, number of fish sampled, prevalence of neoplasms and
differences from the impairment criterion (Baumann, 2010a).

Exposed Sample Median Neoplasm Significance
site size age 0 female (#/ %) P value (Y/N)
Wheatley |59 7 47 414 0.27 N
Harbour
Niagara 101 5 50 3/3 0.47 N
River
Hamilton
200 8 48 11/55 0.013 Y
Harbour
Toronto
and 213 7 45 8/3.8 0.14 N
region
Bay of
: 100 5 42 414 0.27 N
Quinte
St.
Lawrence 100 5 46 212 1.0 N
River

3. BUI 4 in other AOCs

To further assess the fish tumour data for the St Lawrence River AOC, it is informative
to review the evaluation criteria and status for the fish tumour BUI in other Great Lakes
AOC's. Past and present status of the Fish Tumours or Other Deformities BUI in
Canadian and binational AOCs, along with their respective delisting criteria, are
presented in Table 6. Eight of the 12 AOC:s listed in Table 6 provide specific delisting
criteria with quantitative measures, where stated, for incidence of liver tumours ranging
from 2% to 5%. Some delisting criteria use the metric of being no different than the
background rate. Therefore, the St. Lawrence River (Cornwall) AOC data is consistent
with the quantitative measures established for other AOCs, supporting a status decision
of “not impaired”.
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Table 6. Canadian and binational Areas of Concern (AOC) for which the Fish Tumours or Other Deformities beneficial use
required further assessment, changes of the designation with RAP stage, and delisting criteria for each AOC.

| = Impaired. NI = Not (or no longer) Impaired. RFA = Requires Further Assessment.

AOC

Stage 1

Designation

Stage 2

Update on
Stage 2/
Stage 3

Delisting Criteria

Thunder Bay

RFA

This BUI will no longer be impaired when a
survey of 100 white suckers (Catostomus
commersoni) — and more if available —
encompassing a diverse age range indicates
a liver tumour prevalence rate of less than
5%.

Nipigon Bay

RFA

NI

NI

Delisting criteria not specified

Jackfish Bay

NI

This BUI will no longer be impaired when the
fish tumour rates / deformities in

Jackfish Bay do not statistically exceed rates
in suitable reference sites in Lake

Superior.

Peninsula Harbour

RFA

NI

NI

Delisting criteria not specified

St. Marys River

This beneficial use will no longer be impaired
when a survey from within the Area of
Concern of a locally abundant member of the
sucker family, encompassing a diverse age
range, indicates a liver tumour prevalence
rate of less than 5%.

St. Clair River

RFA

RFA

RFA

When the incidence rates of fish tumours or
other deformities do not exceed rates at un-
impacted control sites and when survey data
confirm the absence of neoplastic or
preneoplastic liver tumours in bullheads or
suckers (IJC delisting criteria).
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Table 6 continued.
AOC

Stage 1

Designation

Stage 2

Update on
Stage 2/
Stage 3

Delisting Criteria

Detroit River

Will be considered not impaired when
incidence rates of liver tumours in (3-5 yr old)
brown bullhead are not statistically different
than the Great Lakes background rate (2%).

Niagara River

RFA

RFA

NI

Delisting criteria not specified

Hamilton Harbour

RFA

RFA

RFA

Beneficial use will be considered not
impaired when incidence rates of fish
tumours in brown bullheads, as an indicator
species, do not statistically exceed rates at
relevant reference site(s).

Toronto and Region

RFA

NI

Liver tumour prevalence in brown bullhead
collected in the Toronto nearshore and
marshes is not significantly different than the
Impairment Criteria database of 2% liver
tumour prevalence (Baumann, 2010a).

Bay of Quinte

RFA

RFA

RFA

By virtually eliminating the inputs of
persistent toxic contaminants, restore the
Bay of Quinte ecosystem to conditions that
pose no danger to the health or reproductive
successes of its fish populations. This
objective shall be achieved when no fish
tumours or other deformities exist which are
attributable to anthropogenic sources of
contamination from within the Area of
Concern.

St. Lawrence River
(Cornwall)

RFA

NI

No specific delisting criteria; follows 1JC
guideline
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4. Update since the draft Stage 3 report

The draft Stage 3 Report (2014) represents the latest RAP document compiling
information on the status of the Fish Tumour or Other Deformities beneficial use for the
St. Lawrence River (Cornwall) AOC. Most of the literature cited in the draft Stage 3
Report was published no later than 2010.

4.1. Systematic Review

An initial systematic review was conducted to gather recent information relevant to the
Fish Tumours or Other Deformities beneficial use for the St. Lawrence River (Cornwall)
AOC and nearby areas. The methodology, selection process used and the results of
this systematic review are detailed in Appendix A. Briefly, records were identified
through a database and other sources using a combination of selected keywords. Only
records published between 01/01/2010 and 10/08/2018 were considered to be eligible.
Records were then screened to ensure that only relevant entries were selected. Sixteen
records were initially found to be relevant to the present status report as they addressed
the prevalence of tumours in fish from AOCs. Of these 16 records, two reported on one
study relevant to fish health in the St. Lawrence River AOC, albeit not addressing the
Canadian portion of the AOC and including fish species/conditions not typically used to
assess this BUI (see section 4.2).

A new study has very recently been published relevant to Great Lakes fish tumours.
Visha et al. (2021) reported a reassessment of the Baumann (2010a) brown bullhead
and white sucker liver tumour data (both neoplasms and pre-neoplasms) for Great
Lakes AOCs (exposed) and reference sites using a modelling framework that accounts
for the influences of fish covariates such as fish age, length and weight on tumour
prevalence. The authors applied three different post-hoc procedures to the data
generated from their models for both neoplasm and pre-neoplasm conditions to assess
the study sites. For the purposes of this BUI assessment, we will focus on the results of
the statistical analyses for prevalence of neoplasms in brown bullhead.

(1) The first approach used model results to generate frequency diagrams for the
probabilities of tumour occurrence at study sites, and examined the probability of a fish
specimen from the study site to have an acceptable tumour risk. This was assessed by
examining the proportion of the frequency diagram, i.e. the probability mass, that fell
below 10% and 5% probabilities for tumour occurrence. This method was an attempt to
examine the prevailing conditions at exposed sites without the need for data from a
reference location for comparison.

For the St. Lawrence River (Cornwall) AOC, it was found that 84% of the probability
mass for predicted neoplastic tumour frequencies fell below the 10% probability level.
For the more stringent 5% probability level, the analysis indicated that 74% of the
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probability mass would fall below this level. With exception of the Detroit River AOC
which had similar results, the St. Lawrence River AOC (Cornwall) results suggested
slightly higher risk of neoplasm tumour occurrence than other AOC sites, where typically
>90% of the probability mass fell below the 10% probability level and >80% fell below
the 5% probability level. The authors pointed out that the lower predicted probability for
the Cornwall site partially reflected bias attributable to three fish that had unusually high
fork lengths (Visha et al. 2021).

(2) The second approach predicted the probability of tumour incidence rates by age for
the exposed sites and assessed the degree of statistical overlap with those same rates
by age at the corresponding reference areas while controlling for fish morphological
covariates. For the St. Lawrence River AOC, this approach demonstrated similar results
for fish 3 years aged or less between sites with 100% overlap of the 95% credible
intervals of tumour incidence rates. However, probabilities for tumour incidence rates
increased for older fish (4 to 8 years) at the AOC site versus reference site. The
overlap between reference and exposed sites, while still suggesting similar probability
rates, was reduced to values between 47% and 81% in this age range.

(3) The third approach used a two one-sided test (TOST) procedure to compare results
from AOC and reference sites by deriving the tolerance level for two sites with similar
sampling designs and similar tumour incidence rates to demonstrate evidence of
equivalence. For the St. Lawrence River AOC, this approach resulted in a 3%
difference between the exposed and reference site tumour incidence rate predictions.
This value fell below the tolerance level of 7% and therefore suggests that the exposed
site was practically equivalent to reference.

Overall, the authors indicated that the results of their statistical analysis demonstrated
low frequencies of neoplasms at all the Great Lakes sites, and concluded that neoplasm
incidence rates at AOC exposed sites were practically equivalent to their corresponding
reference sites. They called into question the rationale of setting a delisting criterion of
2% prevalence rate for neoplasm tumours at AOC sites, since 1-2% tumour incidence
rates have been found at urbanized areas without major point sources (Visha et al.,
2021). When influences of morphological and age variations in the fish samples
between sites are controlled for, as in their study, they concluded that results provided
evidence for no major differences in tumour frequency levels between AOC exposed
and reference sites.

3.2.St. Lawrence River AOC at Massena / Akwesasne

Fish Tumours or Other Deformities was identified in the St. Lawrence River AOC at
Massena / Akwesasne as impaired. In 2012-2014, a fish tumour study was conducted in
the St. Lawrence River AOC at Massena / Akwesasne to evaluate the status of this BUI
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and better understand the impacts of water quality within the AOC. The results were
presented during a public information session on fish tumor held on September 28,
2015 and summarized in two presentations (Jock, 2015; Jock et al., 2015). The study
included an examination of tumour prevalence and contaminant exposure in fish
collected within the St Lawrence River (Massena/Akwesasne) AOC and at background
reference sites outside of the AOC. Over the course of three sampling years, a total of
470 fish (i.e. bullhead, white sucker, catfish, redhorse) were sent for histopathology
(Jock et al., 2015). A relatively high prevalence of liver tumors (15% of samples within
AOC) and pre-neoplastic lesions (72% of samples within AOC) were observed in 2012,
which raised serious concerns to anglers (Jock et al., 2015). However, no tumors were
found in samples collected within the AOC during 2013, and only 3.8% of samples
exhibited pre-neoplastic lesions. In 2014, no tumors or pre-neoplastic lesions were
found in any samples collected within the AOC. While concentrations of polychlorinated
biphenyls in fillet of fish caught in 2012 and 2013 from within the AOC were
approximately 25- and 10-fold greater than those of fish from reference sites,
respectively (Jock, 2015), presumably reflecting exposure of the fish to PCB-
contaminated sites located near Massena, NY, the results of the histopathology indicate
that, for a given year, the prevalence of liver tumours and pre-neoplastic lesions did not
differ significantly between AOC and reference sites (Jock et al., 2015).

3.3. PAHs Concentrations within the AOC

PAH concentrations have been measured rather infrequently, relative to Hg and other
metals, in the AOC and most of the sampling undertaken has focussed on the
Contaminated Sediment Strategy (CSS) zones along the Cornwall waterfront. Available
results for surface sediment samples taken within the CSS zones since 1991 are
summarised in Table 8. Individual sample values ranged from 0.1 to 276 ug g* but
mean concentrations of total PAHs across the CSS zones fall within a range of 3.1 to 22
ug g* based on all sampling events. Comparatively, total PAH values measured during
a 1989 survey of the Ontario and Quebec sections of Lake St Frances ranged 0.1 to 2.8
ug g (Pelletier and Lorrain, 2003). A 2003 sediment survey of tributary mouths in
eastern Lake Ontario and upper St. Lawrence River ranged from <0.1 — 121 ug g*
(Dove et al. 2004). Sites with the highest total PAH concentrations tended to be located
in urban areas.

While samples from within the CSS zones frequently exceed the provincial Lowest
Effect Level (LEL) of 4 ug g, all results fall below the provincial Severe Effect Level
(SEL)2. Comparison of total PAH values to the SEL could be made for only a subset of
the results, as the corresponding data for the fraction of organic carbon were not

2 The Ontario Severe Effect Limit (SEL) for total PAH concentrations in sediments are derived by
multiplying the value of 10,000 pg g* by the actual total organic carbon concentration of the sediments (to
a maximum of 10%), (Persaud, Jaagumagi and Hayton, 1993).
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available for all samples. For those PAH results with corresponding organic carbon
data (n=38), the SEL values ranged from 57 to 642 ug g, and were on average 18
times greater than the PAH sample value.

It should be noted that recent sampling surveys conducted in 2014/15 and 2018/19
were focussed on nearshore areas (<2 m deep, and within 10 m from shore) as
opposed to earlier sampling events that were restricted to depths of >2 m, due to depth
limitations of the sampling platforms used. PAHs concentrations at these nearshore
sites exhibited a broader range of concentrations for zones 1 and 2 than previous
surveys with single sample maxima of 249 and 276 pg g-1, respectively. However,
overall mean and median values were similar to the previous sampling results at
offshore sites for zones 1 and 2. The range and mean values for zone 3 sites were
similar over the different sampling surveys (Table 8).

Table 8. Summary of total PAH concentrations in surface sediments located in the CSS
zones along the Cornwall waterfront reported by various monitoring studies conducted
under the RAP program since 1991.

Sampling : Sampling Geome
Location Number ; :
Year (CSS Method of Rangf (1g tric Medlaln Reference
Zone) Samples g% Mea_rl (kg o)
(Mg g7)
1991 Zone 2 Grab 6 3.0-6.0 n/a n/a Mudroch
Zone 3 3 3.0-20 (unpublished,
1991),
RAP stage 1
report (1995)
1992 Zone 3 Grab 13 1.9-223 12 10 Metcalfe-
Smith et al.,
(1995)
1994 Zone 2 Core 115* 0.4-46 3.8 35 Richman
and Grab (1996)
1997 Zone 3 Grab 2 9.4-159 n/a n/a Stark et al.
(2003)
1997 Zone 1 Grab 1 55 n/a n/a Bedard
Zone 2 6 2.0-12 5.7 5.5 (1999)
2012 Zone 1l Grab 6 3.5-25 10 11 Milani and
Zone 2 5 2.5-7.7 4.2 4.4 Grapentine
Zone 3 1 5.6 n/a n/a (2012)
2014/15 Nearshore
Zone 1 Core 1 3.0 n/a n/a Moir et al,
Zone 2 22 2.9-173 18 15 (2018)
Zone 3 1 6.9 n/a n/a
2018/19 Nearshore R. Joyner
Zone 1 31 0.3-249 6.0** 7.5 (ECCC, pers.
Zone 2 Grab 42 0.1-187 3.1** 3.0
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Zone 3 20 2.6-276 18 12 commun.,
2019)

*Includes split samples and duplicates; a total of 65 stations were sampled.

** Individual PAH congener results below detection were assigned a value of 50% of the analytical
detection limit for calculation of total PAH.

The nearshore survey results likely reflect the increased impact of urban runoff sources
and historical shore-based discharges to the nearshore sediments. Repeated sampling
at sites generally located further offshore and in deeper waters than the nearshore
survey sites in 1997 (Bedard 1999) and 2012 (Milani and Grapentine 2012) resulted in
total PAH concentrations that are very similar (Table 8), suggesting stable PAH
concentrations at these sites over the 15-year period between sampling events.

Overall, a comparison of the assembled data indicates that results for individual zones
are comparable across the different studies that span over a two-decade time period,
and suggest stable conditions for PAH levels within the AOC sampling sites. In addition,
industrial activities along the Cornwall waterfront have declined since 2004-5 including
the closing of Domtar and the removal of the fuel storage tank farm; and major
disturbances to the sediments along the Cornwall waterfront have been limited by the
CSS. Therefore, there is no evidence to suggest that there has been a significant
increase in the exposure of biota to PAHs within the St. Lawrence River (Cornwall) AOC
that would have affected the prevalence rates of liver tumours since the last
assessment of the BUI (i.e., Baumann, 2010a). In the rare case that a new industrial
source of PAHs does occur in the future, an approval for the emission is required and
the approval would contain strict monitoring requirement and emission limits that are
protective of human health and the environment.

5. Conclusions and Recommendations

The initial systematic review identified 16 records containing recent information
(publication year = 2010) relevant to the Fish Tumours or Other Deformities beneficial
use. Of these 16 records, only two reported on a study relevant to fish health in the St.
Lawrence River (Cornwall) AOC. These records reported public concerns with the
issue, indicating that the presence of tumours in fish generates high levels of concern
within the public. The other records are of limited value for assessing the status of the
St. Lawrence River (Cornwall) AOC, as they focused on US, binational and Canadian
AOC's located elsewhere in the Great Lakes and reported either fish health measures
or species that are not directly comparable to the data available for the St. Lawrence
River (Cornwall) AOC.

Our review confirms that the data referenced in the Draft Stage 3 Report (2014)
represent the most recent biological assessment performed for this BUI. Baumann
(2010a) reported a prevalence of liver tumour in brown bullhead from a near field site

21



and a far field site of 2% that did not exceed the background prevalence for the Great
Lakes (impairment criterion of 2%), supporting a change in status from ‘Requires
Further Assessment’ to ‘Not Impaired’. This is supported by additional statistical
analysis provided by Visha et al., (2021) using alternative statistical procedures that
allowed for the control of covariates. Their results suggest a difference in liver
neoplasms of 3% between exposed and reference sites for the St. Lawrence River AOC
at Cornwall/ Akwesasne, well below the 7% incidence rate that would be required to
establish a statistical difference between sites with 95% certainty.

In addition, a review of AOC sediment data indicates that concentrations of PAHS,
associated with the cause of liver tumours in fish, are below the provincial severe effect
limits and have remained stable since the Baumann (2010a) study was conducted. As
major local industrial sources to the river have been abated and a sediment strategy
program limiting alterations to the sediments has been in place since 2005, there is no
evidence for changes in exposure to PAHSs that could significantly affect the prevalence
of fish tumours in brown bullheads in recent years.

Based on the available information, a change in status from ‘Requires Further
Assessment’ to ‘Not Impaired’ for this BUI is recommended.
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- Appendix A -

The systematic review was conducted using Web of Science, an online scientific citation
indexing platform maintained by Clarivate Analytics (Philadelphia, USA). Other sources
of information were also interrogated, such as the Federal Science Library, Science
Access (Environment and Climate Change Canada), libraries of provincial agencies and
Google.

The following diagram depicts the methodology used to conduct the systematic review
of fish tumours in the St. Lawrence River (Cornwall) AOC and surrounding areas:

=8 | Records identified searching Records identified through

;g the database other sources

3 (n =307) (n=232)

[Ty

S ! !

% Combined records (n = 539)

g Eligible records

2 (2010-2018) Excluded records
-u_‘—J” (n = 338) (n=201)

Records included in
the review Excluded records
(n=15) (n=323)

Retained records
(n=22)

Methodoloqgy

1. Web of Science

Note: Multiple databases are available through Web of Science. All databases were
included as part of the searches. The search was performed on 10/08/2018.
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Step 1: Identification

To yield as many results as possible, the following keywords were searched against
‘“Topic’:

Fish = 1,076,894

Tumours (including Tumour, Tumors, and Tumor) = 3,137,199

Neoplasm = 4,255,405

Preneoplasm = 16

[Tumours] OR [Neoplasm] OR [Preneoplasm] = Tumours_all = 5,353,544

[Fish = 1,076,894] AND [Tumours_all = 5,353,544] = [Fish+Tumours = 46,971]
Great Lakes = 65,052

St. Lawrence River = 2,858

[Great Lakes = 65,052] OR [St. Lawrence River = 2,858] = [GLSLR = 67,204]
[GLSLR = 67,204] AND [Fish+Tumours = 46,971] = [Fish+Tumours+GLSLR = 212]
Area AND concern = 165,828

[AOC = 165,828] AND [Fish+Tumours = 46,971] = [Fish+Tumours+AOC = 122]

[Fish+Tumours+GLSLR = 212] OR [Fish+Tumours+AOC = 122] =
[Fish+Tumours+GLSLR+AOC = 307]

The search identified 307 records ‘broadly relevant’ (i.e. based on ‘topics’) to tumours
and fish and the Great Lakes — St. Lawrence River basin and areas of concern.

Step 2: Eligibility

The search results (307) were refined by selecting publication years contained between
2010 and 2018 (as of 10/08/2018). One hundred and six (106) records were thus
retained.

Step 3: Screening

The 106 eligible records were screened individually to assess their relevance regarding
the Fish Tumours or Other Deformities BUI. The screening process excluded records
based on location, irrelevant endpoints, inappropriate species, type of record (e.g.
conference abstract), etc. The first screening yielded a group of 18 records. A second
screening eliminated 5 records that were not related to an area of concern. Although
they were related to AOCs, two additional records were excluded because they were
not relevant to the Fish Tumours or Other Deformities BUI.
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The 201 non-eligible records were also screened to ensure that no entries specific to
the St. Lawrence River (Cornwall) AOC were previously missed and excluded from the
different reports. No additional records were selected through that process.

Step 4: Selection

Only 11 records were selected.

2. Federal Science Library

The Federal Science Library was accessed on 13/08/2018 using the following link:
http://science-libraries.canada.ca/eng/home/

To facilitate the systematic search, the Advanced Search platform was used. To yield as
many results as possible, the following keywords were searched against ‘All Fields’:

Identification and Eligibility

A search for [Fish] AND ([Tumours] OR [neoplasm]) AND ([Great Lakes] OR [St.
Lawrence River]) restricted to 2010-2018 yielded 27 records.

A search for [Area of Concern] AND [brown bullhead] restricted to 2010-2018 yielded 93
records.

Screening and Selection

The 120 records were screened individually for relevance to this Environmental Status
Report and one was selected.

3. Science Access

The same search as for the Federal Science Library was conducted and no additional
records were identified through this process.

4. Catalogue of natural resource scientific and technical publications of the
Ontario Ministry of Natural Resources

The catalogue was searched for [Tumours] and no records were found. A search for [St.
Lawrence] published in 2010 or after yielded 9 records. The results were screened and
none were retained. A search for [Fish] published in 2010 or after yielded 73 records.
The results were screened and none were retained. A search for [Disease] published in
2010 or after yielded 21 records. The results were screened and none were retained.

5. Moteur de recherche de publications du Ministére des foréts, de la faune et des
Parcs du Québec

https://mffp.gouv.gc.ca/guichet/publications

A search for [Tumeurs] yielded two records but they were not retained. A search for
[Maladie] yielded 5 records and one was retained.
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6. Google

A search for [fish tumours St. Lawrence River] yielded about 128,000 results. The first
five pages of results were screened for relevant and recent records. Three records were

retained.

Results

Recent (2010-2018) records on fish tumours in AOCs obtained through a systematic
review. Blue, purple and red font designate U.S., binational and Canadian AOCs,

respectively.
Year Authors Title Source AOCs
2018 Iwanovicz, Contaminant-associated Journal of Maumee River
Blazer, health effects in fishes Great Lakes Ashtabula River
Walsh, from the Ottawa and Research
et al. Ashtabula River, Ohio.
2017 Blazer, Tumours in white suckers | Journal of Fish | Sheboygan River
Walsh, from Lake Michigan Diseases Milwaukee Estuary
Braham, tributaries: pathology and
et al. prevalence.
Braham, Micronuclei and other Environmental | Ashtabula River
Blazer, Shaw, | erythrocyte nuclear and Molecular Detroit River
and Mazik abnormalities in fishes Mutagenesis Rochester Embayment
from the Great Lakes Milwaukee Estuary
Basin, USA. St. Louis River
2016 Simon and Deformity, erosion, Archives of Grand Calumet River
Burskey lesion, and tumor Environmental
occurrence, fluctuating Contamination
asymmetry, and and Toxicology
population parameters for
Bluntnose Minnow
(Pimephales notatus) as
indicators of recovering
water quality in a Great
Lakes Area of Concern,
USA.
Ministére des | Surveillance des Gouvernement | St. Lawrence River
Foréts, de la maladies de la faune du Québec
Faune etdes | 2011-2014
Parcs
2015 Meier, Monitoring exposure of Environmental | Ashtabula River
Lazorchak, Brown Bullhead and Toxicology and
Mills, benthic Chemistry
et al. macroinvertebrates to
sediment contaminants in
the Ashtabula River
before, during, and after
remediation.
New York Niagara River Area of New York State | Niagara River
State Concern Beneficial Use Department of
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Department of
Environmental

Impairment Removal:
Fish Tumors or Other

Environmental
Conservation

Conservation | Deformities
Jock SRMT 2012-2014 fish Presentation by | St. Lawrence River
tumor study in the St. the Saint Regis
Lawrence River Area of Mohawk Tribe
Concern (AOC) at at a Fish Tumor
Massena/Akwesasne Public
Information
session held on
September 28,
2015
2015 Jock, Wilkins, | Angler Perspective on Poster St. Lawrence River
LaFrance, Fish Tumors in the St. presentation
et al. Lawrence River
Massena/Akwesasne
Area of Concern (AOC)
Leadley, Uncovering adaptive Canadian Detroit River
McLeod, versus acclimatized Journal of
Johnson, alterations in standard Fisheries and
et al. metabolic rate in brown Aquatic
bullhead (Ameiurus Sciences
nebulosus).
2014 Blazer, Health of White Sucker Ecotoxicology St. Louis River
Hoffman, within the St. Louis River
Walsh, area of concern
etal. associated with habitat
usage as assessed using
stable isotopes.
Blazer, Mazik, | Assessment of the fish USGS Open- Detroit River
Iwanowicz, et | tumor beneficial use File Report Maumee River
al. impairment in Brown 2014-2015 Black River
Bullhead (Ameiurus Cuyahoga River
nebulosus) at selected Ashtabula River
Great Lakes Areas of Presque Isle Bay
Concern. Niagara River
Rochester Embayment
Mahmood, A Bayesian Journal of St. Marys River
Blukacz- methodological Great Lakes
Richards, framework for setting fish | Research
Baumann, et | tumor occurrence
al. delisting criteria: A case
study in St. Marys River
area of concern.
2012 Simmons, Proteomic profiles of Environmental | Thunder Bay
Bols, White Sucker Science and
Duncker, (Catostomus Technology
et al. commersonii) sampled

from within the Thunder
Bay Area of Concern
reveal up-regulation of
proteins associated with
tumor formation and
exposure to
environmental estrogens.
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2010

Rutter A statistical approach for | Journal of Presque Isle Bay
establishing tumor Great Lakes
incidence delisting criteria | Research
in areas of concern: A
case study.
Lauren, Long-term trends in liver | Environmental Buffalo River
Hinton, Law, neoplasms in Brown Toxicology and
et al. Bullhead in the Buffalo Chemistry

River, New York, USA.
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