
   

 

1 
 

 
  

BUI 4 

Fish Tumours or Other Deformities 
Beneficial Use Impairment  
 
 
 
Assessment Report for the St. Lawrence River Area of Concern at 
Cornwall/Akwesasne 

 
January 19, 2024 
Version 7 



   

 

2 
 

Table of Contents 
Table of Contents ............................................................................................................ 2 

Acknowledgments ........................................................................................................... 3 

Executive Summary ........................................................................................................ 4 

Glossary .......................................................................................................................... 5 

1. Background ................................................................................................................. 8 

1.1 The Great Lakes Water Quality Agreement ........................................................... 8 

1.2 The St. Lawrence River Area of Concern .............................................................. 8 

2. The Fish Tumours or Other Deformities BUI ............................................................... 9 

3. Historical Impacts and Remedial Actions Undertaken ............................................... 11 

3.1 Industrial Point Sources ....................................................................................... 11 

3.2 Cornwall Sediment Strategy ................................................................................ 11 

3.3 PAHs in the St. Lawrence River (Cornwall/Akwesasne) AOC ............................. 12 

4. Assessments in the St. Lawrence River (Cornwall/Akwesasne) AOC ....................... 14 

4.1 Tumours in White Sucker and Walleye (1990 – 1997) ......................................... 14 

4.2 Prevalence Rates of Liver Tumours in Brown Bullhead (2010) ........................... 15 

4.3 Redesignation Attempt (2014) ............................................................................. 16 

4.4 Age of Data and Methodology (2019) .................................................................. 16 

4.5 Prevalence Rates of Neoplasms in Brown Bullhead (2021) ................................ 17 

5. Comparison to the St. Lawrence River (Massena/Akwesasne) AOC ........................ 17 

6. Comparison to Other Canadian AOCs ...................................................................... 18 

7. Recommendations & Conclusions............................................................................. 22 

8. References ................................................................................................................ 23 

Appendix A: Historical Environmental Impacts in the St. Lawrence River Area of 
Concern ......................................................................................................................... 26 

Appendix B: PAH Data from Sediment Monitoring Studies in the St. Lawrence River 
(Cornwall/Akwesasne) AOC .......................................................................................... 28 

Appendix C: Provincial and Federal Regulations and Guidelines ................................. 31 

 

  



   

 

3 
 

Acknowledgments 

Thank you to the members of the St. Lawrence River Restoration Council and its 
subcommittee the “Fish Tumours Technical Working Group” for reviewing this Beneficial 
Use Assessment Report.  
 
Cornwall Lunker Club 
Mark Kaddie 
 
Environment and Climate Change Canada 
Sara Varty, Senior Program Officer 
Kristin Geater, Program Officer 
Anqi Liang, Program Officer 
 
Glengarry Fish and Game Club 
Shawna Rousseau 
 
Mohawk Council of Akwesasne  
Kayla Sunday, Environmental Services Manager  
Britney Bourdages, Environmental Project Coordinator and Remedial Action Plan 
Coordinator  
 
New York Department of Environment and Conservation 
Chris Fidler, Aquatic Biologist 
 
Ontario Ministry of Environment, Conservation and Parks 
Emma Tahirali, Great Lakes Advisor 
 
Ontario Ministry of Natural Resources and Forestry 
Joffre Côté, Management Biologist 
 
Raisin Region Conservation Authority 
Brendan Jacobs, Stewardship Specialist / ALUS Coordinator 
 
St. Lawrence River Institute of Environmental Sciences 
Georgia Bock, Remedial Action Plan Coordinator  
Jeff Ridal, Executive Director 
Lexy Harquail, Biologist & Scientific Communicator 
 
 
 
  



   

 

4 
 

Executive Summary  

The high prevalence of tumours in fish populations of the Great Lakes led to the 

inclusion of Fish Tumours or Other Deformities as a Beneficial Use Impairment (BUI) in 

the Canada-United States Great Lakes Water Quality Agreement. The International 

Joint Commission (IJC) delisting guidelines state that the Fish Tumours or Other 

Deformities BUI should be considered “Impaired” “when the incidence rates1 of fish 

tumors or other deformities exceed rates at unimpacted control sites or when survey 

data confirm the presence of neoplastic or pre-neoplastic liver tumors in bullheads or 

suckers”.  

In 1992 the Fish Tumours or Other Deformities BUI was designated “Impaired” in the 

St. Lawrence River (Cornwall/Akwesasne) AOC due to a 1990 survey in Lake St. 

Francis that showed high liver tumours in walleye and known sources of polycyclic 

aromatic hydrocarbons (PAHs). PAHs are the contaminant most closely linked to 

tumours in fish (Myers, 2003). The BUI was redesignated from “Impaired” to “Requires 

Further Assessment”2 St. Lawrence River (Cornwall/Akwesasne) AOC in 1997 when 

data from previous fish tumour studies was deemed not suitable for assessing the BUI 

against the guidelines.  

Recent assessments have concluded that brown bullhead liver tumour prevalence rates 

in the St. Lawrence River (Cornwall/Akwesasne) AOC do not exceed those at local 

reference sites, nor the rates in rest of the Great Lakes Basin. Furthermore, as PAH 

levels in existing contaminated sediments have remained stable, there is no evidence 

that these rates would increase due to legacy contaminants. Given these findings, the St. 

Lawrence River (Cornwall/Akwesasne) RAP recommends the Fish Tumours or Other 

Deformities BUI in the St. Lawrence River (Cornwall/Akwesasne) AOC be redesignated 

from “Requires Further Assessment” to “Not Impaired”.  

                                            
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 (Lapointe & Ridal, 2024). However, it 
is likely that work (including the IJC delisting guidelines) cited in this report incorrectly used the term 
incidence to refer to the proportion of a population affected by tumours. 
2 Referred to in earlier documents as “Possibly Impaired”, “Likely Impaired” and/or “Needs Further 
Assessment”. 
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Glossary 

Areas of Concern (AOCs): Specific “problem areas” identified in the Great Lakes 
Water Quality Agreement that have experienced high levels of environmental harm.  
 
Background Rate: The “normal” rate of tumours in the Great Lakes Basin, even in fish 
from unexposed sites. 
 
Beneficial Use: How an aquatic ecosystem benefits the environment, economy or 
human health; it provides ecological services that are available to the population and 
the environment when the ecosystem is healthy. 
 
Beneficial Use Impairment (BUI): A human or ecological use of the ecosystem that 
has been lost or impaired as the result of environmental degradation caused by human 
activity. 
 
Benthic Feeder: An organism that feeds along the bottom of a body of water such as a 
river or lake, and often filter their food from sediments. 
 
Contaminants: A substance that pollutes, spoils, or poisons something. These can 
include metals (e.g. mercury), organisms (e.g. bacteria), chemicals (e.g. pesticides) etc. 
 
Exposed Site: An area in an AOC that is known to be contaminated. 
 
Far-field Site: An area that is further away from the effect being studied than near-field 
sites and is thus less likely to be impacted by the effect being assessed. Far-field sites 
can be compared to affected near-field lutsites.  
 
Great Lakes Water Quality Agreement (GLWQA): A commitment between the United 
States and Canada to restore and protect the waters of the Great Lakes, first signed in 
1972. The GLWQA was revised in 1978 and amended in 1983,1987, and 2012. 
 
Impaired: A BUI status that indicates that the delisting guidelines/criteria for the BUI 
have not been met.  
 
International Joint Commission (IJC): An independent binational organization 
established by the Boundary Waters Treaty (1909) to help Canada and the United 
States cooperate to manage joint water bodies wisely.  
 
Lip Papilloma: A growth that occurs on the skin surface of the lip. 
 
Listing/Delisting Guidelines: Standards to assess the impairment status of a 
beneficial use.  
 
Neoplasm: Uncontrolled, abnormal growth of cells or tissues (often referred to simply 
as a “tumour”).  
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Non-point Source: A source of pollution that comes from a wide area (e.g. agricultural 
runoff, precipitation etc.).  
 
Not Impaired: A BUI status that indicates that the delisting guidelines/criteria for the 
BUI have been met. 

Polychlorinated biphenyls (PCBs): Synthetic chemicals that have wide industrial 
applications. The manufacturing and importing of PCBs were banned in North America 
in 1977. PCBs are very persistent (long-lasting) in the environment and can be 
transported over long distances. 

 
Polycyclic Aromatic Hydrocarbons (PAHs): Some of the most widespread and 
potentially toxic contaminants in the Great Lakes. PAHs from both natural and man-
made sources (e.g. forest fires, vehicle emissions, coal burning, etc.) are dispersed into 
the atmosphere and are carried by winds before being deposited and binding to soil 
and/or sediment. 
 
Point Source: A specific location that is contributing a contaminant to the environment 
(e.g. a pulp and paper mill). 
 
Pre-neoplasm: Abnormal cells that have the potential to form a neoplastic tumour 
(sometimes incorrectly referred to as a pre-neoplastic “tumour”). 
 
Prevalence Rate: How often something occurs in a given population. 
 
Ontario Severe Effect Limit (SEL): A level of contamination that is expected to be 
detrimental to most sediment-dwelling organisms. Sediments exceeding the SEL are 
considered heavily contaminated. 
 
Ontario Lowest Effect Level (LEL): A level of contamination that can be tolerated by 
most sediment dwelling organisms. Sediments meeting LEL are considered clean to 
marginally polluted.  
 
Remedial Action Plans (RAPs): Management plans created to identify environmental 
problems, determine sources and causes of the problems, involve the public to 
establish community and stakeholder goals and objectives, and to develop consensus 
on recommended actions, implementation plans, and monitoring strategies in AOCs. 
RAP teams include local, provincial and federal experts, with input from local 
governments, Indigenous communities, industries, agriculture, the public, and other 
interest groups. 
 
Reference Sites: Sites that have similar conditions to exposed sites (e.g. similar 
location, water quality, species, etc.) but have not been exposed to the effect being 
assessed in the near-field site (e.g. contamination, invasive species, modified 
shorelines, etc.) (also referred to as ‘Unimpacted Control Sites’ in the IJC delisting 
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guidelines). 
 
Requires Further Assessment: A BUI status that indicates that more information is 
needed to assess whether the BUI should be designated “Impaired” or “Not 
Impaired” (referred to in earlier documents as “Possibly Impaired”, “Likely Impaired” 
and/or “Needs Further Assessment”). 
 
Stage 1 Report: A report outlining the environmental conditions and environmental 
problems in an AOC. The Stage 1 Report for the St. Lawrence River AOC was 
published in 1992. 
 
Stage 2 Report: A report outlining the remedial actions required to restore the AOC. 
The Stage 2 Report for the St. Lawrence River AOC was published in 1997. 
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1. Background 

1.1 The Great Lakes Water Quality Agreement 

In the late 1980s the International Joint Commission (IJC) identified 43 Areas of 
Concern (AOCs) under the Great Lakes Water Quality Agreement between Canada and 
the United States, 12 in Canada, 26 in the United States, and five in binational waters 
(International Joint Commission, 1987). They were defined as “A geographic area that 
fails to meet the General or Specific Objectives of the Agreement where such failure 
has caused or is likely to cause impairment of beneficial use or of the area’s ability to 
support aquatic life” (International Joint Commission, 1987. The IJC selected 14 
Beneficial Use Impairments (BUIs) related to the environment, human health, and the 
economy (Dreier et al., 1997; Environment Canada & Ontario Ministry of the 
Environment, 2010). In each AOC, the BUIs were assessed and assigned a status of 
“Impaired”, “Not Impaired”, or “Requires Further Assessment”. 
 
In 1991 the IJC released listing and delisting guidelines intended to “establish a 
consistent ‘set of yardsticks’ that can be uniformly applied throughout the Great Lakes 
basin” and “identify key actions needed to restore uses” (International Joint 
Commission, 1991). Remedial Action Plans (RAPs) were created to assess the BUIs, 
determine the causes of the problems, establish community and stakeholder goals, and 
to develop consensus on recommended actions, implementation plans and monitoring 
strategies (Government of Canada, 2003). When all 14 BUIs have been designated 
“Not Impaired” an AOC can be considered restored and ‘delisted’, (Hartig & Thomas, 
1988).   
 
 
1.2 The St. Lawrence River Area of Concern  

The St. Lawrence River was declared a binational AOC due to the presence of 

contaminated sediments and poor water quality resulting from industrial activity in the 

area (St. Lawrence River Remedial Action Plan Team, 1992). The AOC covers 

approximately a 50 kilometer stretch from the Moses-Saunders Power Dam to the 

Quebec border. Two separate RAPs were created to address the environmental 

concerns found within the different jurisdictions that fall within the St. Lawrence River 

AOC, including Ontario, New York State, and the traditional territory of the Mohawks of 

Akwesasne (Figure 1). Jurisdiction in the St. Lawrence River Cornwall/Akwesasne 

portion of the AOC in the north is shared between Canada, Ontario and the Mohawk 

Council of Akwesasne, and jurisdiction in the St. Lawrence River Massena/Akwesasne 

portion of the AOC in the south is shared between the United States, New York, and St. 

Regis Mohawk Tribe.   

It is important to note that the scope of the RAP only addresses impairments arising 
from historical contamination or other human activities at a local level within the AOC. 
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While some information about this BUI in the St. Lawrence River AOC at 
Massena/Akwesasne is provided in Section 5, this report focuses on the St. 
Lawrence River AOC at Cornwall/Akwesasne.  
 

 
Figure 1: Map of the St. Lawrence River Area of Concern 
 
 

2. The Fish Tumours or Other Deformities BUI 

The high prevalence of tumours in fish populations of the Great Lakes led to the 
inclusion of Fish Tumours or Other Deformities as a BUI in the Great Lakes Water 
Quality Agreement (St. Lawrence River Remedial Action Plan Team, 1992). Other 
aspects of fish health are covered under the Consumption of Fish and Wildlife, Tainting 
of Fish and Wildlife Flavour, and Degradation of Fish and Wildlife Populations BUIs. 
This report summarizes the history of the Fish Tumours or Other Deformities BUI in the 
St. Lawrence River (Cornwall/Akwesasne) AOC and recommends to redesignate this 
BUI as “Not Impaired”. 
 
2.1 Delisting Guidelines 
The IJC delisting guidelines state that the Fish Tumours or Other Deformities BUI 

should be designated “Not Impaired” when “the incidence rates of fish tumors or other 
deformities do not exceed rates at unimpacted control sites and when survey data 
confirm the absence of neoplastic or preneoplastic liver tumors in bullheads or suckers” 
(International Joint Commission, 1991). At the time the guidelines were published they 
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included the caveat that there would “undoubtedly be a need to revise these guidelines 
in the future based on the development of new indicators and standards, and new 
protocols for application of these guidelines” (International Joint Commission, 1991). 
 
This statement held true for the Fish Tumours or Other Deformities BUI delisting 

guidelines, as they did not specify what methods should be used to assess “incidence 
rates” or what could be considered an “unimpacted control site”, “neoplastic tumour”, or 
“pre-neoplastic tumour”. As a result, the methods and delisting criteria used across the 
AOCs to assess this BUI evolved as new information became available (Baumann, 
2010; Blazer et al., 2009). 
 
2.2 Types of Tumours or Deformities  

 

Despite the name of this BUI including “Tumours or Other Deformities”, the IJC delisting 

guideline specifies assessing the prevalence of liver tumours. Given the scope of the 
RAP, tumours or other deformities with more than one potential cause are not suitable 
for assessing this BUI. Research has shown that 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 pre-neoplasms and other types of tumours or deformities" 
(Blazer et al., 2009; Lapointe & Ridal, 2024). Liver tumours have thus been used as the 
best indicator of exposure to contaminants (Baumann, 1992; Blazer et al., 2009).  
 
To address public concerns around other visible defects not related to liver tumours, the 
St. Lawrence River RAPs have developed the Funky Fish Guide (2024) to distribute to 
local anglers. The guide identifies common parasites, diseases, and deformities 
affecting local fish, and recommends safe consumption practices. 
 
2.3 Study Species 

The IJC delisting guideline specifies using brown bullhead or white sucker for assessing 
this BUI. These fish are commonly used as indicator species for liver tumours. Many 
contaminants are hydrophobic, causing them to accumulate in freshwater and marine 
sediment (Stark et al., 2003). As such, species of fish like brown bullhead and white 
sucker which spend most of their time in contact with the sediment, are benthic feeders, 
and have a very small home range (Midwood et al., 2019; Millard et al., 2009; Sakaris et 
al., 2005), are most impacted by these contaminants and are thus most at risk for liver 
tumours (Myers et al., 2003). Brown bullhead were used as the study species in most of 
the Canadian AOCs including the St. Lawrence River (Cornwall/Akwesasne) AOC, 
white suckers were only used in assessing the most northern AOCs where brown 
bullhead are less abundant. 
 
2.4 Determining Incidence Rates of Tumours at Unimpacted Control Sites 
 

Concerns were raised that even fish from urban areas without a point source may have 
an increased probability of tumours and that holding AOCs to the standard of more 
‘pristine’ unimpacted sites could mean that the delisting guidelines might not be 
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achievable (Baumann, 2010). To address these concerns the prevalence rates of liver 
tumours in brown bullhead were determined at urban sites in addition to the reference, 

exposed and far-field sites across the Great Lakes between 2002 and 2008.  
A total of 1,150 brown bullhead were collected from 22 sites.  
 
Based on an analysis of the data collected, Baumann (2010) determined that the 
prevalence rates were not statistically different between reference sites, far-field sites, 

and urban sites. This data was then combined, resulting in a background rate of 2%.  
This background rate has been adapted as the “incidence rates of tumours” at 
“unimpacted control sites” in many AOCs including the St. Lawrence River 
(Cornwall/Akwesasne) AOC and used to assess the Fish Tumours or Other Deformities 
BUI. In these AOCs, if the prevalence rate of liver tumours in brown bullhead at 
exposed sites is not statistically different than the background rate of 2%, the BUI can 
be considered “Not Impaired”. 
 
 

3. Historical Impacts and Remedial Actions Undertaken 

3.1 Industrial Point Sources 

Cornwall, the largest urban centre in the AOC, has been a hub of industrial activity for 
more than 100 years.  There were three main industrial point sources in the St. 
Lawrence River (Cornwall/Akwesasne) AOC; Domtar Fine Papers (closed in 2006), ICI/ 
Cornwall Chemicals (closed in 1995), and Courtaulds (closed in 1992) (Appendix A). 
The primary contaminant of concern in the St. Lawrence River (Cornwall/Akwesasne) 
AOC is mercury. However, other contaminants including PCBs, heavy metals such as 
zinc, elevated levels of oils, greases and PAHs have also been found in the AOC 
(Dreier et al., 1997; Richman & Dreier, 2001; St. Lawrence River Remedial Action Plan 
Team, 1992). As mentioned in Section 2, many of these contaminants are hydrophobic, 
causing them to accumulate in freshwater and marine sediments (Stark et al., 2003). 
 

 

 

 

 

3.2 Cornwall Sediment Strategy  

Along the Cornwall waterfront there are three ‘zones’ of contaminated sediment (Figure 
2). As they currently exist, historically contaminated sediments in these zones are stable 
and covered with a clean layer of sediment, and therefore do not pose a significant 
ecological risk (St. Lawrence River (Cornwall/Akwesasne) RAP, 2023). To help 
safeguard these sensitive zones, the Cornwall Sediment Strategy (CSS) was introduced 
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in 2005 to provide administrative oversight of development activities requiring dredging, 
filling, covering, piling, scouring, or that have the potential to disturb, expose, or re-
suspend contaminated sediments (St. Lawrence River (Cornwall/Akwesasne) RAP, 
2023). 
 
Every five years, monitoring occurs to gauge the progress of the CSS and to ensure 
that the contaminated sediment zones along the Cornwall waterfront remain buried 
under newer sediment. This Long-Term Monitoring Strategy is in place to ensure 
progress toward desired outcomes. Four types of environmental media are monitored: 
surface sediment, young-of-the-year or forage fish, invertebrate tissue, and catch basin 
sediments within the Cornwall combined and storm sewer system. 
 

 
Figure 2: Map of contaminated sediment zones monitored by the Cornwall Sediment 
Strategy. 
 
3.3 PAHs in the St. Lawrence River (Cornwall/Akwesasne) AOC 

Links between contaminants and tumours in fish were first identified in the 1960s 
(Baumann, 2010). Research has shown that PAHs are the contaminant most closely 
associated with tumours in fish (Baumann & Harshbarger, 1995; Bunton, 1996). While 
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there is some evidence that other contaminants (such as PCBs) may be linked to 
tumours in fish, studies have shown that other factors such as age are a more likely 
cause in these cases (Myers et al., 2003). PAHs form during incomplete combustion 
and are a widespread contaminant from both natural and man-made sources such as 
forest fires, coal burning, and vehicle emissions (Baldwin et al., 2020). Domtar was the 
largest contributor of PAHs in the northern portion of the AOC; however, Reynolds 
Metals and ALCOA were the largest overall contributors in the AOC (Dreier et al., 
1997). Sampling in 1994 showed that despite these local sources of PAHs, 
concentrations in the St. Lawrence River (Cornwall/Akwesasne) AOC were similar to 
other industrialized areas in the Great Lakes Basin (Dreier et al., 1997). There have 
been no industrial point sources of PAHs in the St. Lawrence River 
(Cornwall/Akwesasne) AOC since the closure of Domtar in 2006. 
 
PAH concentrations have been measured rather infrequently in the AOC, relative to 
mercury and other metals, and most of the PAH sampling undertaken has focused on 
the Contaminated Sediment Strategy (CSS) zones along the Cornwall waterfront. A 
total of 287 samples from within the AOC were analyzed for PAHs between 1989-2019. 
Samples from within the CSS zones 158 of 287 samples (55%; Figure 3) exceeded the 
Provincial Lowest Effect Level (LEL) of 4 ug g-1, however all results were ≤ 57% of the 
Provincial Severe Effect Level (SEL) for those samples where SEL could be calculated 
(224 of 287 samples; Appendix B) (organic carbon concentration in the sediment is 
required to calculate the SEL) (Lapointe and Ridal, 2024).  
 
 



   

 

14 
 

 
Figure 3: Map of PAHs vs LEL and SEL in the St. Lawrence River 
(Cornwall/Akwesasne) AOC 
 
For additional information on available PAH data and PAH mapping in the St. 
Lawrence River (Cornwall/Akwesasne) AOC, see Appendix B. 
 

 
4. Assessments in the St. Lawrence River (Cornwall/Akwesasne) AOC 
 
4.1 Tumours in White Sucker and Walleye (1990 – 1997) 

Fish surveys in 1990 found lip papilloma and liver tumours in white suckers and high 
rates of liver tumours in walleye. The high rates of tumours in white suckers were later 
found to be similar to rates in other AOCs and considered unproblematic. However, it 
was thought that contaminants, specifically PAHs, could be responsible for the high 
prevalence of tumours in walleye (St. Lawrence River Remedial Action Plan Team, 
1992) as a result, the status of the Fish Tumours or Other Deformities BUI was listed as 
“Impaired” in 1992 (St. Lawrence River Remedial Action Plan Team, 1992. 
 
Follow up studies on walleye were conducted in 1995 and 1996 at sites in the AOC 
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(Lake St. Francis) and at reference sites (Hoople Creek, Salmon River). High levels of  
tumours were found at all sites, and it was thought that the high levels of tumours may 
have been a result of the older age of fish sampled. Pinkney et al. (2009), and others 
have since confirmed that the risk of tumours increases significantly with age, and the 
methodology for fish tumour studies should account for factors such as age and weight 
(Baumann et al., 1996; Myers et al., 2003; Visha et al., 2021; Vogelbein et al., 1990). 
 
The status of the Fish Tumours or Other Deformities BUI was reassessed in 1997, and 
the previous white sucker and walleye studies were deemed not suitable to assess this 
BUI. As there had been no additional studies in the AOC and there was no relevant data 
to properly assess the BUI, it was then redesignated from “Impaired” to “Requires 
Further Assessment” pending further research (Dreier et al., 1997). There has been 
no change in status of this BUI in the St. Lawrence River (Cornwall/Akwesasne) AOC 
since 1997.  
 
4.2 Prevalence Rates of Liver Tumours in Brown Bullhead (2010) 

Fish surveys in the St. Lawrence River (Cornwall/Akwesasne) AOC were undertaken 
from 2004-2005, as part of the study to determine the 2% background rates of liver 
tumour in brown bullhead in the Great Lakes Basin. In summary, 100 brown bullhead 
were collected from each the exposed (by the Seaway International Bridge in Cornwall), 
far-field (Gray’s Creek) and reference site (near Morrisburg). The prevalence rate of 
tumours was found to be 2% at both the far-field and exposed sites in the AOC, and 0% 
at the reference site (Figure 4, Table 1). Based on these results the authors 
recommended a change in status to “Not Impaired” for the St. Lawrence River 
(Cornwall/Akwesasne) AOC. 
 

 
 
Figure 4: Map where brown bullhead sampled for the St. Lawrence River 
(Cornwall/Akwesasne) AOC including reference site (Morrisburg), exposed site 
(Seaway International Bridge), and far-field site (Gray’s Creek). 
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Table 1: List of sites sampled in the St. Lawrence River (Cornwall/Akwesasne) AOC 
including number of fish sampled and number of fish with neoplasms (Adapted from 
(Baumann, 2010). 
 

Location  Type of Site  
Sample 

Size  
Median 

Age  
Prevalence Rate 

of Tumours  

Gray’s Creek  AOC Far field site  100  4  2% 

St. Lawrence River AOC  100  5  2% 

Morrisburg  Reference site  100  5  0%  

 
 
4.3 Redesignation Attempt (2014) 

A Draft Stage 3 Report was prepared in 2014 in an effort to delist the St. Lawrence 
River (Cornwall/Akwesasne) AOC. The report included recommendations to 
redesignate the remaining “Impaired” and “Requires Further Assessment” BUIs, 
including the Fish Tumours or Other Deformities BUI. Redesignating the St. Lawrence 
River (Cornwall/Akwesasne) AOC was not unanimously supported, so the report was 
rejected and none of the BUI redesignation recommendations were considered. As a 
result, the approach to redesignating BUIs was changed to assessing them on an 
individual basis.  
 
4.4 Age of Data and Methodology (2019) 

In 2018, efforts resumed to redesignate the Fish Tumours or Other Deformities BUI. 
Lapointe and Ridal (2024) completed a review of the literature published between 2010 
and 2018, to ensure the data referenced in the Draft Stage 3 Report (2014) still 
represented an accurate assessment of the BUI. 
 
The authors reviewed literature published between January 2010 and October 2018 for 
records related to assessing the fish tumours in AOCs. A total of 16 related records 
were found, however only two of these records were relevant to the St. Lawrence River 
AOC. Details on the methodology and selection process used in the systematic review 
can be found in Lapointe and Ridal (2024). 
 
Based on their review of the available data, the authors concluded that the methods 
previously used to assess the status of this BUI in the St. Lawrence River 
(Cornwall/Akwesasne) AOC remained consistent with the most recent methods. They 
also found that there was no evidence that the prevalence rate of tumours in brown 
bullheads would have changed significantly since the assessment by Baumann (2010) 
given that there were no new point sources of PAHs in the AOC and that the CSS had 
limited the resuspension of legacy contaminants.  
 
The authors supported the recommendation by Baumann (2010) to redesignate the Fish 
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Tumours and Other Deformities BUI from “Requires Further Assessment” to “Not 
Impaired”. 
 
4.5 Prevalence Rates of Neoplasms in Brown Bullhead (2021) 

Most recently, Visha et al (2021) reassessed the brown bullhead liver tumour data 
collected by Baumann (2010) using novel statistical approaches, which considered the 
effects of other factors such as age and weight on prevalence rates of liver tumours. 
Overall, the authors concluded that the prevalence rates of liver tumours in all the Great 
Lakes AOCs were not of concern, and that even when factors such as age and weight 
are controlled for, there is no major differences in the prevalence rates of liver tumours 
between exposed and reference sites at AOCs (Lapointe & Ridal, 2024). This further 
supports the recommendation to change the status of the Fish Tumours or Other 
Deformities BUI to “Not Impaired” for the St. Lawrence River (Cornwall/Akwesasne) 
AOC. 
 

5. Comparison to the St. Lawrence River (Massena/Akwesasne) AOC 

Three industrial facilities in Massena, NY were known to have historically released 
discharges that contained contaminants such as PCBS, PAHs, as well as nutrients and 
metals into the Massena/Akwesasne Area of Concern. General Motors (closed in 2009), 
Reynolds Metals (closed in 2014), and the Aluminum Company of America (ALCOA) 
(Figure A1). Although PCBs are listed as the primary contaminant of concern for all 
three of these sites, Reynolds Metals and ALCOA were industrial sources of PAHs in 
the AOC (Dreier et al., 1997). The Fish Tumours and Other Deformities BUI was 
designated “Likely Impaired” in the Stage 1 Report for the St. Lawrence River 
(Massena/Akwesasne) RAP due to the presence of PAHs, and lack of fish tumour 
studies (New York State Department of Environmental Conservation, 1990). Verification 
studies were recommended in each subsequent update from 1992-2009, one prior to 
sediment remediation work and one after the work was completed. In 2012 the Saint 
Regis Mohawk Tribe received a grant to support the first verification study, which was 
conducted from 2012-2015. The study focused on assessing the prevalence of liver 
tumours in brown bullhead, substituting white sucker where brown bullhead were 
unavailable. In this study, the prevalence rate of liver tumours did not exceed those at 
reference sites (Jock, 2015). The post remediation study was planned for 2022-2023, 
however, in 2022, a significant ice jamming event in the Grasse River caused previously 
capped contaminated sediments to be re-exposed, delaying the study.  
 
While the northern and southern portions of the St. Lawrence River AOC are assessed 
by separate RAPs, ecosystems do not recognize jurisdictional boundaries, and it is 
important to consider the possible transboundary influence of both historic and re-
introduced contaminants. Mapping of contaminated sediment concentrations indicates 
that discharges from the Massena/Akwesasne portion of the AOC tend to flow 
downstream (towards Quebec) along the south side of the shipping channel and thus 
have little impact on the Cornwall/Akwesasne portion of the AOC (Figure 5; Pelletier et 
al., 2002). A study of PAH signatures in the AOC shows that PAHs in the 
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Massena/Akwesane portion of the AOC originate from aluminum smelting related 
sources, while samples in the Cornwall/Akwesasne portion originate from petroleum 
sources in the Cornwall Harbour (Stark et al, 2003). These studies suggest limited 
trans-boundary transport of PAHs in the AOC. 
 

 
Figure 5:  Spatial distribution of mercury in surficial sediments of Lake Saint-François in 
1979, 1989 and 1999 (Pelletier et al., 2002). 
 
Furthermore, brown bullheads are known to have relatively small home ranges even 
when compared to other catfish species. While studies of their movements have been 
limited, individuals have been tracked travelling usually less than 2 km and up to a 
maximum of 4-6 km (Millard et al., 2009; Sakaris et al., 2005). The zones of 
contaminated sediments in the northern and southern portions of the AOC are 
approximately 8km apart. As such, it is unlikely that brown bullhead from either portion 
of the AOC would be exposed to contaminants from the other portion of the AOC. 
 

6. Comparison to Other Canadian AOCs 

As mentioned previously, the methods and delisting criteria used across the AOCs to 
assess this BUI evolved as new information has become available (Baumann, 2010; 
Blazer et al., 2009). For the current assessment of the Fish Tumours or Other 
Deformities BUI it is helpful to compare the most recent delisting criteria and 
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assessments in other Canadian AOCs (Table 2). As of 2020, the St. Lawrence River 
AOC at Cornwall/Akwesasne is the only of the Canadian AOCs with a liver tumour 
prevalence rate of 2% or less that has not redesignated the Fish Tumours or Other 
Deformities BUI as “Not Impaired”. 
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Table 2: Fish Tumours or Other Deformities BUI assessments in Great Lakes Areas of Concern (Adapted from Baumann, 
2010; Lapointe & Ridal, 2024). 
 

AOC  
Relevant Study 

Years 
Prevalen
ce Rate 

Current Status & 
Year of 

Designation 
Delisting Criteria 

Bay of 
Quinte  

2004, 2005  4%  
“Not Impaired” 

2017 

“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” (Bay of Quinte Remedial 
Action Plan Restoration Council, 2016. 

Detroit River  
(Canadian 
Side) 

2002, 2006  1%  
“Not Impaired” 

2020 

“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%).” 
(Drouillard, 2020). 

Hamilton 
Harbour  

2001, 2005, 
2007  

5.5%  

“Requires 
Further 

Assessment” 
2010 

“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)” (Environment and Climate Change Canada & Ontario 
Ministry of the Environment, 2010). 

Jackfish Bay 2006, 2008 0% 
“Not Impaired”  

2010 

“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” (Stewart et al., 2010). 

Niagara 
River  
(Canadian 
Side) 

2004, 2008  3%  
“Not Impaired” 

2009 
Delisting criteria not specified Baumann, 2010; Lapointe & 
Ridal, 2024). 

Nipigon Bay 
1986, 1987, 
1985, 1990 

2.4% 
“Not Impaired” 

1995 

Tumour prevalence rates are comparable to suitable reference 
sites and/or the liver  
Tumour prevalence rate is less than 5% (Da Silva et al., 2015). 
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Peninsula 
Harbour 

N/A N/A 
“Not Impaired” 

2012 
Delisting criteria not specified (Peninsula Harbour RAP, 1991). 

St. Clair 
River 

2002-2006, 
2013, 2014 

0% 
“Not Impaired”  

2021 

“When the incidence rates of fish tumors or other deformities 
do not exceed rates at unimpacted control sites and when 
survey data confirm the absence of neoplastic or preneoplastic 
liver tumors in bullheads or suckers” (IJC delisting guidelines) 
(McMaster & White, 2019). 

St. Lawrence 
River 

2004, 2005  2%  

“Requires 
Further 

Assessment” 
1997 

“When the incidence rates of fish tumors or other deformities 
do not exceed rates at unimpacted control sites and when 
survey data confirm the absence of neoplastic or preneoplastic 
liver tumors in bullheads or suckers” (IJC delisting guidelines) 
(Lapointe & Ridal, 2024). 

St. Mary’s 
River 

2009, 2015 6% 
“Impaired” 

2018 

“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%” 
(Chambers & McMaster, 2018). 

Thunder Bay 2007, 2013 1% 
“Not Impaired” 

2019 

“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%” (Stewart et al., 2010). 

Toronto and 
Region  

2003, 2006  3.8%  
“Not Impaired” 

2011 

“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” (Toronto and Region Remedial Action Plan, 2011). 

Wheatley 
Harbour  

2002, 2006  4%  
“Not Impaired” 

2010 
Delisting criteria not specified (Baumann, 2010; Lapointe & 
Ridal, 2024) 
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7. Recommendations & Conclusions  

Based on the IJC delisting guidelines, the Fish Tumours or Other Deformities BUI can 
be found “Not Impaired” in an AOC when the rates of liver tumours in brown bullhead 
do not exceed the rates at unimpacted control sites. Assessments have concluded that 
brown bullhead liver tumour prevalence rates of 2 the% in the St. Lawrence River 
(Cornwall/Akwesasne) AOC do not exceed those at local reference sites, nor the 2% 
rates in the rest of the Great Lakes Basin. Furthermore, as the PAH levels in existing 
contaminated sediments have remained stable, there is no evidence that these rates 
would increase due to legacy contaminants. 
 
While it is beyond the scope of the RAP to consider the future effects of current sources 
of PAHs on the rates of fish tumours, the Government of Canada and the Province of 
Ontario have taken substantial steps to protect human health and the environment from 
PAHs, including establishing regulations and guidelines to control and restrict existing 
PAH emissions and to limit future sources.  
 
For information on these regulations and guidelines see Appendix C, Table D1. 
 
Based on these assessments it is the recommendation of the St. Lawrence River 

(Cornwall/Akwesasne) RAP that based on the IJC delisting guideline, the status the Fish 

Tumours or Other Deformities Beneficial Use in the St. Lawrence River 

(Cornwall/Akwesasne) AOC should be redesignated from “Requires Further 

Assessment” to “Not Impaired”. 
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Appendix A: Historical Environmental Impacts in the St. Lawrence River Area of Concern  

Table A1: Summary of historical industrial point sources in the St. Lawrence River Area of Concern (Adapted from (St. 
Lawrence River Remedial Action Plan Team, 1992; United States Environmental Protection Agency, 2024). 
 

Location Point-Source Type of Industry(s) 
Years of  

Operation 
Contaminants of 

Concern 

Cornwall Domtar  Industrial kraft pulp mill and paper mill 1881-2006 
PAHs 
Mercury  
Other heavy metals 

Cornwall 
ICI/ Cornwall 
Chemicals 

Industrial chemical manufacturing  
Chemical packaging  
Chlor-alkali plant 

1935-1995 

PAHs 
PCBS 
Mercury  
Other heavy metals 

Cornwall Courtaulds Industrial rayon manufacturing plant 1925-1992 
Mercury  
Other heavy metals 

Massena 
Aluminum 
Company of 
America 

Industrial aluminum smelter and 
fabrication plant 

1908 - Present 

PCBs 
PAHs 
DDT 
Mercury  
Other heavy metals 

Massena 
Reynolds 
Metals 

Industrial aluminum smelter and 
fabrication plant 

1958 - 2014 

PCBs 
PAHs 
DDT 
Mercury  
Other heavy metals 

Massena 
General 
Motors 

Industrial aluminum car parts 
manufacturing plant 

1959 - 2009 

PCBs 
PAHs 
DDT 
Mercury  
Other heavy metals 
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Figure A1: Map of historic industrial point sources in the St. Lawrence River (Cornwall/Akwesasne) AOC 



   

 

28 
 

Appendix B: PAH Data from Sediment Monitoring Studies in the St. Lawrence River 
(Cornwall/Akwesasne) AOC 

 
Figure B1: Map of PAH sampling events reported by various monitoring studies since 1989.Click or tap here to enter text. 
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Table B1: Summary of PAH sampling events reported by various monitoring studies since 1989.Click or tap here to enter 
text. 

Legend SamplingYear 
Number of 
Samples 

Max Total PAH 
(µg g-1) 

Mean Total PAH 
(µg g-1) 

Max % 
of SEL 

Mean % 
of SEL 

● 1989 21 1.51 0.65 5% 1% 

● 1992 17 32.72 1.91 14% 1% 

● 1994* 95 5.41 0.82 2% 0% 

● 1997 10 20.92 0.42 2% 0% 

● 2004 19 9.15 0.06 1% 0% 

● 2012 12 8.44 2.52 3% 0% 

● 2015* 20 26.44 2.68 9% 0% 

● 2018 73 25.23 0.05 12% 1% 

● 2019 20 17.76 0.91 6% 1% 

Total 287 275.69 14.96 57% 5% 

 
*Includes averages where sites were sampled multiple times. 
** Individual PAH congener results below detection were assigned a value of 50% of the analytical detection limit for 
calculation of total PAH.  
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Figure B2: % of SEL of PAH samples in the St. Lawrence River (Cornwall/Akwesasne) AOC 
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Appendix C: Provincial and Federal Regulations and Guidelines  

Table C1: Summary of regulations and guidelines restricting existing PAH emissions and limiting future sources. 
 

Regulation/Guideline Description  

Canadian Environmental Protection Act (1999) – 
Schedule 1 (Toxic Substances List) 

National risk management tools have reduced anthropogenic PAH 
releases, including environmental performance agreements, codes 
of practice and design guidelines.  

Adding Coal Tars and their Distillates to 
Schedule 1 of CEPA 

Environment and Climate Change Canada published proposed 
regulations for Coal Tars and their Distillates in 2023.  Regulations 
would prohibit the manufacture, import sale of coal tar-based sealant 
products (at levels of 1,000ppm or more).  The final regulations are 
expected to be published in 2024. 

2014 Canada-Ontario Agreement Protecting the 
Great Lakes Ecosystem – PAHs are a 
designated Chemical of Concern 

Commits Canada and Ontario to take actions to reduce or eliminate 
their releases within the Great Lakes basin 

National Pollutant Release Inventory  Information on PAHs collected.  

Canada’s Air Pollutant Inventory  Information on PAHs collected. 

Chemicals Management Plan Environmental 
Monitoring Program 

Information on PAHs collected. 
 

National Air Pollution Surveillance Program Information on PAHs collected. 

Convention on Long-range Transboundary Air 
Pollution 

provides guidance on controls and best available techniques for 
reducing PAH emissions 

  
Canadian Environmental Quality Guidelines 

Provide science-based goals for the quality of aquatic and terrestrial 
ecosystems.  The Canadian Council of Ministers of the Environment 
(CCME) has established interim water and sediment quality 
guidelines for selected PAHs to protect aquatic life. Soil water quality 
guidelines for PAHs have also been established for the protection of 
environmental and human health.  

Disposal at Sea Regulations The Disposal at Sea Regulations have concentration limits for PAHs 
(These regulations include list of reporting requirements in the case 
of emergency disposal and the action levels and mechanisms for 
screening waste. The concentration for PAHs is 2500 µg/kg (dry 
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weight)).   

Federal Contaminated Sites Action Plan The Federal Contaminated Sites Action Plan – 763 sites in ON have 
PAHs listed.  Many sites are noted as closed which indicates actions 
are complete or no action is required. 

Chemicals Management Plan Environmental 
Monitoring Program 

Information on concentrations in environmental media are being 
collected under the Chemicals Management Plan Environmental 
Monitoring program   

Guidelines for Canadian Drinking Water Quality: 
Guideline Technical Document 

Health Canada has a guideline for Benzo[a]pyrene (a type of PAH) in 
drinking water 

Great Lakes Water Quality Agreement PAHs are candidate chemicals of mutual concern under Annex 3 of 
the GLWQA 

Environmental Emergency Regulations PAHs are included in the list of hazardous substances controlled 
under the Environmental Emergency Regulations 

Environmental Protection Act (Ontario) Ontario legislation requiring contaminants to be properly approved 
and controlled to prevent adverse effect. This includes any waste, air 
pollution or wastewater sources of PAH. 

Ontario Regulation 419/05 – Local Air Quality 
Regulation (Ontario) 

Ontario Regulation that requires generators of local air pollution 
sources to meet safe air emission concentration limits.    

Ontario Regulation 347 – Waste Management Ontario Regulation that requires generators, carriers and receivers of 
waste to appropriately store, manage and dispose of wastes 
containing PAH. 

Ontario Regulation 153/04 – Records of Site 
Condition 

Ontario Regulation that requires sites that submit a record of site 
condition to have soils, sediment and/or groundwater that meets 
applicable standards for PAH or undergo a risk assessment. 

Ontario Regulation 406/19 – On-site and Excess 
Soil Management 

Ontario Regulation that controls the management and re-use of 
excess soils to mitigate the transfer of potentially contaminated soils 
and ensure soil reuse and disposal is compatible with sites that 
intend to receive it.  

Guidelines for Environmental Protection 
Measures at Chemical and Waste Storage 
Facilities (2007) 

A guide published by the government of Ontario for owners/ 
operators/ designers of chemical and waste storage facilities to 
ensure the environment is adequately protected from these activities 
through the implementation of best management practices. 

 


