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1.0 INTRODUCTION 
Over a period of 5 years the federal and provincial governments collaborated with the City of Cornwall, local 
industries, the St. Lawrence River Restoration Council, Raisin Region Conservation Authority, Mohawks of 
Akwesasne and local environmental and community representatives to address concerns related to 
contaminated sediment along the Cornwall waterfront.  

After reviewing over 30 years of environmental information, conducting a number of additional studies on 
biomagnification of mercury and sediment stability and assessing the range of options typically used for dealing 
with sediment contamination, the working group proposed the following sediment management direction: 

1) The sediment deposits in zones 1, 2 and 3 where there are elevated levels of contaminants in sediments 
should be left in place, undisturbed, to allow natural recovery to take place. 

2)  Administrative controls should be put in place to ensure that human activities do not disturb these 
sediments and expose deeper more contaminated material. 

3) Regular and ongoing monitoring of sediment deposits in each zone of zones 1, 2 and 3 should be 
conducted to ensure natural recovery is continuing.  

4) Since sediments in zone 4 are not impacted by historical discharges and are no different than those areas 
upstream of the Cornwall waterfront, this area does not require further consideration for a sediment 
management plan. 

 

1.1 Background 
Previously, the Cornwall Sediment Strategy Working Group had developed a set of recommendations for a 
sediment management strategy for the AOC, based on a weight-of-evidence approach. This approach was 
founded on the understanding that the need for remediation would be based on actual effects or potential for 
unacceptable risk, rather than simply exceedance of sediment guidelines. 

After 5 years of working collaboratively through a detailed science review, conducting additional studies to fill 
information gaps and evaluating sediment management options, federal and provincial government agencies 
along with the sediment working group, which included community representatives and the three local industries 
representing the major sources, have developed a sediment strategy for the Cornwall waterfront. This strategy 
states: 

 Contaminated sediments should be left in place. As  they currently exist, the historically contaminated 
sediments in the three zones (1,2 and 3) along the Cornwall waterfront are stable and covered with a 
cleaner layer of sediment and therefore do not pose a significant ecological risk; 

 Implement effective Administrative Controls to protect the sediments from being disturbed. This ensures the 
natural cap is maintained and allows continued deposition of cleaner sediment particles which will further 
cover and isolate the deeper more contaminated material; and 

 Implement a comprehensive ongoing monitoring program of environmental conditions and sediment 
stability to ensure conditions continue to improve. 
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The strategy was based on an assessment of existing conditions along the Cornwall waterfront, and the potential 
remedial options that could be applied to the contaminated sediment zones along the Cornwall waterfront. The 
assessment was conducted in three phases: 

 The existing physical and chemical conditions in the three zones were reviewed. This review assessed: 

 whether physical conditions exist that could limit the use of some remedial alternatives;  

 whether contaminated sediments are being covered by clean material; and,  

 temporal trends in biota tissue residues. 

 The potential remedial alternatives were then reviewed with respect to their physical suitability, and from 
these, a short list of potential options was selected. Three broad classes of options were considered: 

 natural recovery, a passive, non-intrusive remediation that relies on natural accumulation of cleaner 
sediments to cover and isolate contaminated sediments from biota and the water column;  

 capping that relies on placing cover materials to achieve isolation; and,  

 removal, dewatering and disposal of the contaminated sediments in a suitable landfill to eliminate the 
sediments as a source of potential exposure. 

 Finally, the short listed options were assessed with respect to the technical feasibility of applying each of 
them to the three zones along the Cornwall waterfront, the potential effect of each option on fish tissue 
residues of mercury, the associated environmental and socio-economic impacts of implementing each 
option, and the ability of each option to meet the RAP delisting criteria. 

Based on the assessment (reviewed in Section 2), the monitored natural recovery option was proposed as 
meeting the requirements of the Cornwall Sediment Strategy Working Group and the de-listing criteria developed 
by the RAP. In June 2005, the Cornwall Sediment Strategy Administrative Controls Protocol was developed, and 
a Guidance Document was produced to guide proponents proposing to undertake activities along the Cornwall 
waterfront that could potentially disturb contaminated sediments. 

A number of studies have been undertaken in the area since the implementation of the sediment strategy. The 
purpose of the current review is to: 

 summarize the results of the studies undertaken since the Cornwall Sediment Strategy was implemented to 
provide a current understanding of sediment mercury contamination in the AOC, and 

 report on the reviews undertaken by the Cornwall Sediment Strategy Administrative Controls Protocol since 
the strategy was implemented. 

The objectives are addressed in the following sections: 

 Section 2 provides a review of conditions prior to 2004, and a brief summary of the rationale for the 
Cornwall Sediment Strategy; 
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 Section 3 provides a summary of the studies undertaken since 2004 by Environment Canada, the Ontario 
Ministry of the Environment, the St. Lawrence River Institute of Environmental Studies, University of 
Ottawa, and Queens University; 

 Section 4 provides a review of the administrative controls process;  

 Section 5 synthesizes the results of the studies reviewed in Section 3, and provides an overall assessment 
of current conditions with respect to mercury contamination, and any changes since 2004; and 

 Section 6 summarizes the conclusions of the review. 
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2.0 BACKGROUND 
A number of investigations have been undertaken in the Cornwall Area of Concern since the1970’s and early 
1980’s that resulted in the St. Lawrence (Cornwall) area being listed as an Area of Concern (AOC) by the 
International Joint Commission. As part of the development of the Cornwall sediment Strategy Dreier (2000) 
prepared a review of environmental studies from 1970 to 1999. In 2004, Golder undertook a review of the 
studies conducted subsequent to the 2000 report, synthesizing the results, and using these, conducted a review 
of the potential remedial options that could be applied to the AOC. The review included: 

 the physical characteristics of the site, since these could affect sediment stability and re-suspension and 
downstream dispersal; 

 the chemical conditions, since these could affect exposure of aquatic biota and human receptors to 
contaminants in sediment; and  

 the biological effects, since these would provide an indication of the severity of the contamination.  

The physical investigations of the sediment deposits undertaken by Environment Canada indicated that the 
contaminated sediments in the three zones were relatively stable, and there was little risk of substantial erosion 
of the sediments. Specific the conclusions noted that: 

 Sediments are accumulating in Zone 1 at the rate of approximately 0.3 cm per year to 2.6 cm/yr (depending 
on location within the Zone);  

 The total variation in sediment accumulation in both Zone 1 and Zone 3 was approximately 1-2 cm in 
thickness over a 6 month period (i.e., these areas went through periods of accretion and erosion); 

 In Zone 3, seasonal changes in accumulation occurred, with a loss of 1 to 1.5 cm to the end of March 2002, 
and a small net accumulation since then; and  

 Biberhofer and Rukavina (2002) noted that areas of Zone 2 where concentrations of mercury were elevated 
in the MOE 1997 study (Richman 1999), appeared to be associated with bathymetric depressions, 
suggesting that material was collected, and protected, in these depressions. 

The chemical investigations noted that levels of mercury in the surface layers of the sediments had decreased 
since the 1970s, indicating cleaner sediments were covering over the more contaminated historical materials. 
However, it was unclear from the data available whether mercury concentrations in the three zones were 
continuing to decrease. While total mercury concentrations in the sediments in the three zones were higher than 
at upstream reference areas in Lake St. Lawrence, and showed considerable variation, methyl mercury 
concentrations were typically much lower than total mercury (e.g., less than 1% in the upstream areas). Methyl, 
not total mercury, was of concern due to mercury biomagnification, resulting in fish consumption advisories. 
Specifically, the studies noted that: 

 Benthic organisms in the three zones were found to have higher tissue residues of total mercury than 
organisms from upstream areas. However, the differences between organisms from the three zones and 
upstream areas for methyl mercury were much smaller. Overall, methyl mercury comprised only a minor 
percentage of tissue mercury in benthos, ranging no higher than 19%.  
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 Mercury levels in sport fish (approximately 90% of which would be methyl mercury) had decreased over the 
years, with the result that the MOE Guide to Eating Sportfish in Ontario currently recommends consumption 
restrictions only for large walleye from the AOC. Additional fish collected by the St. Lawrence River Institute 
of Environmental Studies (SLRIES) yielded one fish from Zone 1 that exceeded the MOE’s lowest 
consumption guideline of 0.45 µg/g mercury (wet weight). Tissue levels of mercury in young-of-the-year fish 
from the three zones were similar to tissue residues in fish from upstream of the AOC and were all below 
the IJC criterion of 0.5 µg/g (wet weight). On the basis of existing information, the RAP delisting criteria for 
fish were being met in two of the three zones. In the third zone (Zone 1) the only documented exceedance 
was of a single fish. 

The potential for mercury bioaccumulation from each Zone was assessed through the use of a bioenergetics 
approach to model the bioaccumulation of methyl mercury in fish as a function of growth. The intent of the model 
was to assess whether mercury in the sediment was responsible for the measured fish tissue residues, and if so, 
to assess whether implementation of the remedial options would result in a reduction in fish tissue residues in 
the three zones. Since benthic organisms are an important food source for many species of fish, the model also 
provides a means by which the contribution of sediment mercury, via the benthic pathway, could be assessed as 
a route of exposure for fish. 

The model was run with empirical data collected from each Zone within the AOC. The predicted and measured 
methyl mercury concentrations in yellow perch were similar for Zone 2, Zone 4 and upstream reference areas in 
Lake St. Lawrence, indicating that the model was providing realistic results. The model under-predicted methyl 
mercury concentrations in perch in Zone 1, and no recent data were available to allow comparisons with Zone 3 
fish. When food consumption in the model was restricted to benthos, the model predicted very low 
concentrations of methyl mercury in yellow perch in all areas, including upstream, indicating that sediments 
(through benthos) were expected to be a minor source of methyl mercury to fish. Most of the mercury body 
burden in fish appeared to be from feeding on other fish. The results indicated that feeding on benthic organisms 
alone would not be expected to result in accumulation of mercury to the levels that have been measured.  

Since RAP de-listing targets for benthos toxicity, community structure and potential for bioaccumulation had 
been met, sediments were physically stable, and mercury concentrations in surficial sediments were decreasing 
over time, it was concluded that no management actions were required and the sediments in the three zones 
along the Cornwall waterfront should be left in place and the deeper, more contaminated material should be 
protected from future disturbance through administrative controls. 

The Strategy requires that periodic monitoring be undertaken to verify that the conclusions made during the 
selection of the strategy were still valid and conditions continued to improve. Therefore, subsequent to the 
implementation of the sediment strategy a number of investigations have been undertaken in the AOC. The 
results of these studies are summarized in the following sections. 
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3.0 REVIEW OF STUDIES SINCE 2001 
This section summarizes the results of the studies undertaken since the Cornwall Sediment Strategy was 
implemented. The findings are synthesized on the basis of the originating agency/institution.  

 

3.1 Environment Canada 
3.1.1 Monitoring of Benthic Conditions in the St. Lawrence River at Cornwall, 2007 
In 2007, Environment Canada conducted an investigation of the Cornwall AOC, which included similar 
components as studies conducted in 1997 and 2001. These included: 

 Water quality, for general parameters and nutrients;  

 Sediment quality, including nutrients, a metals scan, total and methyl mercury, and PHCs; 

 Benthic organism tissue residues for total and methyl mercury, focusing on chironomids, gastropods and 
amphipods since these were most common benthic species in the three Zones and have been measured in 
previous assessments; 

 Benthic community assessment; and 

 Sediment toxicity testing using Chironomus riparius (10-day survival and growth), Hyalella azteca (28-day 
survival and growth), Hexagenia spp. (21-day survival and growth) and Tubifex tubifex (28-day survival and 
reproduction). 

Sediment sampling included collection of sediments in the top 10 cm (0-10 cm section) and in the top 5 cm (0-5 
cm). Sediments were analyzed for both total mercury and methyl mercury. As well, at each location, benthic 
organisms (chironomids, gastropods and amphipods) were collected for tissue residue analysis.  

Sediment results (Table 3.1-1) indicate that there was a slight increase in mercury concentrations (total and 
methyl) in the upstream reference locations in the 0-10 cm sections, and that concentrations in the 0-5 cm 
section in 2007 were similar to concentrations in the 0-10 cm section (comparisons are made only among data 
from the same analytical laboratory). Conversely, mean concentrations of total mercury were lower in 2007 than 
in 2001 in Zones 1 and 2, though methyl mercury concentrations were higher. In Zone 1, mean concentrations of 
total and methyl mercury in the 0-5 cm section in 2007 were similar to those in the 0-10 cm section. In Zone 2, 
mean concentrations in the 0-5 cm section were higher than in the 0-10 cm section (2007 data). Insufficient data 
were available for Zone 3. Comparison of the 2007 results to the 2001 results indicates there was considerable 
variability among sampling sites within each Zone, and suggests that sediment concentrations can change over 
very short distances (i.e., a few metres).  

The Environment Canada study results show lower mean tissue residues of total mercury in Zone 1 chironomids, 
gastropods and amphipods, and lower concentrations of methyl mercury in amphipods and gastropods, 
compared to 2001 (tissue residues are summarized in Table 3.1-2). However, the mean concentration of methyl 
mercury in chironomids in Zone 1 was higher in 2007 than in 2001. In Zone 2, both total and methyl mean 
mercury concentrations in chironomids were higher in 2007 than in 2001 (insufficient data precluded calculation 
of mean concentrations in gastropods and amphipods). In Zone 3, chironomid mean total mercury 
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concentrations in 2007 samples decreased, while mean methyl mercury concentrations increased, as compared 
to 2001 data. 

The benthic community assessment indicated that of the 12 sites assessed, community composition at two sites 
(one each in Zones 1 and 3) were identified as being “possibly different” from the reference areas. However, at 
neither site could the differences be related to sediment mercury concentrations. The authors note that the 
results are very similar to those obtained in the 1997 assessment (Reynoldson 1998). 

The sediment toxicity test results demonstrated toxicity in only one of the four organisms tested. Reproduction in 
the oligochaete Tubifex tubifex, as reduced at 9 of the 12 sites tested. However, the test outcomes were poorly 
correlated to sediment mercury concentrations. The tests on the remaining three organisms did not indicate the 
presence of toxic effects.  
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Table 3.1-1: Summary of Sediment Mercury Concentrations 2001-2007  

  

Total Hg  0-10 cm depth Methyl Hg 0-10 cm depth Total and methyl 
Hg 0-5 cm depth 

Percent methyl Hg to total 
Hg 

tHg 
Flett 
ug/g 
dw 

tHG 
Flett 
ug/g 
dw 

increase/ 
decrease 
2001-
2007 

% 
change 

meHg 
Flett 
ug/g dw 

meHg 
Flett 
ug/g dw increase/ 

decrease 
2001-
2007 

% 
change 

tHg 
Flett 
ug/g 
dw 

meHg 
Flett 
ug/g dw 

% 
meHg/ 
tHg 

% 
meHg/ 
tHg 

% 
meHg/ 
tHg 

  Date 2001 2007 2001 2007 2007 2007 2001 2007 2007 

    0-10 
cm 

0-10 
cm 0-10 cm 0-10 cm 0-5 cm 0-5 cm 0-10 

cm 
0-10 
cm 0-5 cm 

Upstream Reference 

Reference 1319 0.063 - - - 0.00055 - - - - - 0.87 - - 

Reference 1320 0.016 0.06 0.044 275 0.000385 0.00058 0.000195 51 0.08 0.00053 2.41 0.97 0.66 

Reference 1321 0.044 0.044 0 0 0.000455 0.00063 0.000175 38 - - 1.03 1.43 - 

Reference 1322 0.046 0.086 0.04 87 0.000418 0.00063 0.000212 51 - - 0.91 0.73 - 

Reference 1323 0.117 - - - 0.00068 - - - - - 0.58 - - 

Reference 1325 0.083 - - - 0.000583 - - - - - 0.70 - - 

Reference 1326 0.058 - - - 0.000287 - - - - - 0.49 - - 

Reference 1331 0.123 0.112 -0.011 -9 0.000913 0.00098 0.00007 7 0.14 0.00067 0.74 0.88 0.48 

Reference 1332 0.041 0.17 0.129 315 0.000665 0.00095 0.00029 43 - - 1.62 0.56 - 

Reference Mean 0.066 0.0944 0.029 +44 0.00055 0.000754 0.00021 +37 0.11 0.0006 1.04 0.80 0.55 

Zone 1 

Zone 1 167 0.384 0.61 0.223 58 0.00128 0.002817 0.00154 120 - - 0.33 0.46 - 

Zone 1 168 0.378 0.59 0.212 56 0.0015 0.00295 0.00145 97 0.61 0.002 0.40 0.50 0.33 

Zone 1 183 1.646 0.51 -1.136 -69 0.00535 0.0062 0.00085 16 - - 0.33 1.22 - 

Zone 1 184 0.775 0.75 -0.025 -3 0.001803 0.0041 0.00230 127 - - 0.23 0.55 - 

Zone 1 EHB - 0.23 - - - 0.0022 0.00220 - 0.35 0.00174 - 0.96 0.50 

Zone 1 Mean 0.796 0.54 -0.258 -32 0.00248 0.0037 0.00117 +47 0.4800 0.0019 0.32 0.68 0.39 

Zone 2 

Zone 2 CS-05 1.876 1.37 -0.506 -27 0.00369 0.00461 0.00092 25 1.27 0.006357 0.20 0.34 0.50 

Zone 2 CS-09 2.481 - - - 0.00302 - - - - - 0.12 - - 

Zone 2 CS-16 0.928 - - - 0.00105 - - - - - 0.11 - - 

Zone 2 CS-17 1.654 2.02 0.366 22 0.00139 0.00269 0.00130 94 0.91 0.00301 0.08 0.13 0.33 
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Total Hg  0-10 cm depth Methyl Hg 0-10 cm depth Total and methyl 
Hg 0-5 cm depth 

Percent methyl Hg to total 
Hg 

tHg 
Flett 
ug/g 
dw 

tHG 
Flett 
ug/g 
dw 

increase/ 
decrease 
2001-
2007 

% 
change 

meHg 
Flett 
ug/g dw 

meHg 
Flett 
ug/g dw increase/ 

decrease 
2001-
2007 

% 
change 

tHg 
Flett 
ug/g 
dw 

meHg 
Flett 
ug/g dw 

% 
meHg/ 
tHg 

% 
meHg/ 
tHg 

% 
meHg/ 
tHg 

  Date 2001 2007 2001 2007 2007 2007 2001 2007 2007 

    0-10 
cm 

0-10 
cm 0-10 cm 0-10 cm 0-5 cm 0-5 cm 0-10 

cm 
0-10 
cm 0-5 cm 

Zone 2 CS-19 5.568 - - - 0.00341 - - - - - 0.06 - - 

Zone 2 CS-27 1.745 0.78 -0.965 -55 0.00166 0.00185 0.00019 11 7.14 0.00906 0.10 0.24 0.13 

Zone 2 CS-31 4.303 4.06 -0.243 -6 0.00337 0.00596 0.00259 77 3.17 0.0102 0.08 0.15 0.32 

Zone 2 Stn 64 2.935 1.76 -1.175 -40 0.0033 0.004 0.00070 21 2.28 0.00208 0.11 0.23 0.09 

Zone 2 CS-46 0.545 - - - 0.00481 - - - - - 0.88 - - 

Zone 2 CS-54 0.421 - - - 0.000726 - - - - - 0.17 - - 

Total Mean 2.25 1.998 -0.248 -11 0.0026 0.0038 0.00118 +45 2.95 0.0061 0.19 0.19 0.21 

Zone 3 

Zone 3 101 0.61 1.24 0.63 103 0.00264 0.00179 -0.00085 -32 3.69 0.00277 0.43 0.14 0.08 

Zone 3 108 2.879 2.6 -0.279 -10 0.00219 0.0023 0.00011 5 - - 0.08 0.09 - 

Zone 3 Mean 1.74 1.92 0.176 +10 0.00242 0.002045 -0.00037 -15 3.69 0.00277 0.25 0.11 0.08 

Downstream of Pilon Is 

Downstream CS171 0.159 - - - 0.000899 - - - - - 0.57 - - 

Downstream  0.318 - - - 0.00118 - - - - - 0.37 - - 

Downstream  0.282 - - - 0.000616 - - - - - 0.22 - - 

Downstream 1327 - 0.011 - -  0.00019 - - - - - 1.73 - 

Downstream Mean 0.253 - - - 0.00090 - - - - - 0.38 - - 

               

All values are dry weight unless otherwise noted.           
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Table 3.1-2: Summary of Benthic Organism Tissue Residues. 2001-2007 

  
 Location 
  
  

  
 Station 
  
  

Chironomids Gastropods Amphipods 

tHg 
ng/g 
dw 

tHg 
ng/g 
dw 

increase/ 
decrease 
2001-
2007 

% 
change 

meHg 
ng/g 
dw 

meHg 
ng/g 
dw 

increase/ 
decrease 
2001-
2007 

% 
change 

tHg 
ng/g 
dw 

tHg 
ng/g 
dw 

increase/ 
decrease 
2001-
2007 

% 
change 

meHg 
ng/g 
dw 

meHg 
ng/g 
dw 

increase/ 
decrease 
2001-
2007 

% 
change 

tHg 
ng/g 
dw 

tHg 
ng/g 
dw 

increase/ 
decrease 
2001-
2007 

% 
change 

meHg 
ng/g 
dw 

meHg 
ng/g 
dw 

increase/ 
decrease 
2001-
2007 

% 
change 2001 2007 2001 2007 2001 2007 2001 2007 2001 2007 2001 2007 

                        
Upstream Reference 

Reference 1319 29 - - - 3.9 - - - - - - - - - - - - - - - - - - - 

Reference 1320 33 48.7 15.7 48 8.5 1.4 -7.1 -84 107 - - - 18.3 - - - - - - - - - - - 

Reference 1321 88 59 -29 -33 10.4 11 0.6 6 56 - - - 10.6 - - - 72 41.1 -30.9 -43 13.8 35 21.2 154 

Reference 1322 43 52 9 21 9.3 6.6 -2.7 -29 92 - - - 15.3 - - - 64 68.4 4.4 7 17.9 28 10.1 56 

Reference 1323 50 - - - 12.4 - - - - - - - - - - - - - - - - - - - 

Reference 1325 62 - - - 3.1 - - - - - - - - - - - - - - - - - - - 

Reference 1326 17 - - - 2.7 - - - - - - - - - - - - - - - - - - - 

Reference 1331 23 92.2 69.2 301 1.7 2.4 0.7 41 - - - - - - - - - - - - - - - - 

Reference 1332 109 56.2 -52.8 -48 3.7 3.6 -0.1 -3 166 - - - 12.5 - - - - - - - - - - - 

Reference Mean 50.44 61.62 11.2 +22 6.19 5 -1.19 -19 85.00 - - - 14.73 - - - 68.00 54.75 -13.25 -19 15.85 31.5 15.65 +99 

Zone 1 

Zone 1 167 121 111 -10 -8 5.2 3.3 -1.9 -37 158 - - - 24.5 - - - - - - - - - - - 

Zone 1 168 153 179 26 17 4.9 4.7 -0.2 -4 114 - - - 24 - - - - - - - - - - - 

Zone 1 183 1029 262 -767 -75 10.7 5.9 -4.8 -45 466 64.2 -401.8 -86 93 19 -74 -80 - 131 - - - 34 - - 

Zone 1 184 347 105 -242 -70 4.5 14 9.5 211 265 64.8 -200.2 -76 32.5 21 -11.5 -35 239 92.4 -146.6 -61 17.7 51 33.3 188 

Zone 1 EHB - 516 - - - 81 - - - 40.9 - - - 9.6 - - - - -  - - - - 

Zone 1 Mean 412.500 234.6 -177.9 -43 6.325 21.78 15.46 +244 250.750 56.63 -194.12 -77 43.500 16.53 -26.97 -62 239.000 111.7 -127.3 -53 - 42.5 - - 

Zone 2 

Zone 2 05 153 102 -51 -33 7 5.1 -1.9 -27 47 - - - 12.9 - - - 400 - - - 16.9 - - - 

Zone 2 09 524 - - - 6.5 - - - 150 - - - 7.1 - - - - - - -  - - - 

Zone 2 6 92 - - - 9.2 - - - 196 - - - 18.1 - - - 144 - - - 43.8 - - - 

Zone 2 17 31 715 684 2206 5.7 8.3 2.6 46 107 - - - 24.7 - - - 235 - - - 29 - - - 

Zone 2 19 848 - - - 13.6 - - - 186 - - - 37.6 - - - - - - - - - - - 

Zone 2 27 388 641 253 65 11.7 20 8.3 71 259 - - - 47.1 - - - - - - - - - - - 

Zone 2 31 1642 1020 -622 -38 27.9 28 0.1 0 402 - - - 76.4 - - - 393 - - - 39.6 - - - 

Zone 2 64 457 168 -289 -63 7.3 4.6 -2.7 -37 185 130 -55 -30 24.1 16 -8.1 -34 261 101 -160 -61 53.1 44 -9.1 -17 

Zone 2 46 119 - - - 3.5 - - - 70 - - - 18.9 - - - - - - - - - - - 

Zone 2 54 96 - - - 4.2 - - - 102 - - - 27.2 - - - - - - - - - - - 

Total Mean 435.00 529.2 94.2 +22 9.66 13.2 3.54 +37 170.40 - - - 29.41 - - - 286.60 - - - 36.48 - - - 

Zone 3 

Zone 3 101 392 709 317 81 25.9 8.4 -17.5 -68 336 - - - 96.8 - - - - - - - - - - - 

Zone 3 108 1623 252 -1371 -84 34.9 67 32.1 92 735 - - - 108 - - - 244 174 -70 -29 76.1 70 -6.1 -8 

Zone 3 Mean 1007.50 480.5 -527 -52 30.40 37.70 7.3 +24 536 - - - 102.40 - - - - - - - - - - - 

Downstream of Pilon Is 

Downstream 171 92 - - - 10.9 - - - 94 - - - 26.8 - - - - - - - - - - - 

Downstream 1327 - 68.1 - - - 24 - - - 93.5 - - - 43 - - - 45.3 - - - 28 - - 

Downstream Mean - - - - - - - - - - - - - - - - - - - - - - - - 
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3.2 Ontario Ministry of the Environment 
3.2.1 2004 Sediment Characterization: Cornwall Zones 1 & 2 Sediment Sampling 
The MOE (Richman 2007a) collected sediments with a Ponar sampler in both Zones 1 and 2 in 2004 to provide 
additional characterization of contaminant concentrations in sediment.  Two locations were sampled in Zone 1 
and 6 locations in Zone 2.  From each Ponar sample, the top 10 cm (i.e., 0-10 cm section), and separately, the 
top 3 cm (0-3 cm section) were retained for analysis.  In addition to a number of metals, sediments were 
analyzed for total mercury (MOE lab and Flett) and methyl mercury (Flett).  The mercury concentrations are 
summarized in Table 3.2-1. 

Table 3.2-1: Summary of Sediment Mercury Concentrations. MOE 2004 

 Location 
 

  
Station  
  

MOE Laboratory Flett Laboratory 

totalHg 
ug/g dw 

totalHg 
ug/g dw 

totalHg 
ug/g dw 

totalHg 
ug/g dw 

meHg 
ug/g dw 

meHg 
ug/g dw 

0-3 cm 0-10 cm 0-3 cm 0-10 cm 0-3 cm 0-10 cm 

Upstream Reference 

Reference Mean - - - - - - 
Zone 1 
Zone 1 522 0.72 1.2 0.53 0.8 0.0028 0.0012 
Zone 1 521 0.93 1.3 0.59 1.1 0.0027 0.0023 
Zone 1 Mean 0.83 1.25 0.56 0.95 0.00275 0.00175 
Zone 2 
Zone 2  162 2.20 2.5 3.9 2.8 0.0026 0.0015 
Zone 2  129 6.43 7.2 4.7 7.9 0.0064 0.003 
Zone 2  192 1.67 2.9 2.1 2.6 0.0019 0.0011 
Zone 2  150 1.23 2.7 0.8 1.4 0.0016 0.0019 
Zone 2  183 2.00 9.6 2.5 12.2 0.0052 0.0051 
Zone 2  159 2.03 5.4 2.2 8.6 0.0052 0.0067 
Total Mean 2.59 5.05 2.70 5.92 0.0038 0.0032 
Zone 3 
Zone 3 90 0.17 0.23 0.19 0.18 0.0016 0.0008 
Zone 3 92 0.24 0.25 - - - - 
Zone 3 93 0.25 - - - - - 
Zone 3 94 0.48 - - - - - 
Zone 3 95 0.25 0.44 - - - - 
Zone 3 96 0.18 - - - - - 
Zone 3 97 1.9 - - - - - 
Zone 3 98 0.5 0.18 0.16 0.3 0.0021 0.0017 
Zone 3 99 0.31 0.3 0.27 0.28 0.0016 0.0012 
Zone 3 100 0.8 0.74 - - - - 
Zone 3 101 1.6 3.2 1.73 3.74 0.0032 0.0047 
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 Location 
 

  
Station  
  

MOE Laboratory Flett Laboratory 

totalHg 
ug/g dw 

totalHg 
ug/g dw 

totalHg 
ug/g dw 

totalHg 
ug/g dw 

meHg 
ug/g dw 

meHg 
ug/g dw 

0-3 cm 0-10 cm 0-3 cm 0-10 cm 0-3 cm 0-10 cm 
Zone 3 102 0.06 - - - - - 
Zone 3 105 0.38 0.38 0.24 0.3 0.0016 0.0024 
Zone 3 106 0.2 0.46 - - - - 
Zone 3 107 0.25 - 0.2 - 0.0015 - 
Zone 3 501 0.21 - - - - - 
Zone 3 502 0.24 0.01 0.25 0.04 0.0024 0.0003 
Zone 3 503 0.44 1 - 5 - 0.0021 
Zone 3 504 0.51 0.88 - - - - 
Zone 3 505 0.35 - - - - - 
Zone 3 506 0.2 0.14 - - - - 
Zone 3 507 0.49 0.8 - - - - 
Zone 3 508 0.53 - - - - - 
Zone 3 509 0.4 0.37 - - - - 
Zone 3 510 0.25 0.32 - - - - 
Zone 3 511 0.2 0.19 - - - - 
Zone 3 512 - 0.11 - - - - 
Zone 3 513 0.07 0.15 - - - - 
Zone 3 514 0.12 0.12 0.19 0.15 0.0005 0.0005 
Zone 3 515 0.3 0.2 - - - - 
Zone 3 Mean 0.41 0.50 0.40 1.25 0.0018 0.0017 
All values are dry weight unless otherwise noted. 
“-“ = no results     

 

The results indicated that concentrations of total mercury were slightly lower in the 0-3 cm section than in the 0-
10 cm section in Zone 1.  In Zone 2, concentrations were slightly to substantially lower in the 0-3 cm section than 
in the 0-10 cm section. 

Richman (2007a) noted that a comparison of the mercury concentrations in the 0-10 cm sections with earlier 
studies indicated that mercury concentrations were decreasing.  

 

3.2.2 2004 Sediment Characterization: Cornwall Oil Tank Storage Area 
Sediment samples were collected from 29 locations within Zone 3 (Richman 2007b), using a Ponar sampler at 8 
of the locations, with core samples collected at the remaining 21 locations.  The top 3 cm of each Ponar sample 
was retained for analysis, while for the cores, only the top 10 cm and bottom 10 cm were retained.  Samples 
were analyzed at the MOE lab (total mercury) and at the Flett Research Ltd. laboratory (total and methyl for a 
subset of samples).  The results are summarized in Table 3.2-1 above, for mercury. 
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The study concluded there was little change in Hg concentrations, with some locations showing that mercury 
concentrations had decreased since previous sampling events, while other locations showed the mercury 
concentrations had increased since previous sampling events.  

 

3.3 Summary of Mercury Trackdown Studies 
In order to verify that there were no existing, unaccounted sources that could be contributing to elevated fish 
tissue levels in Zone 1, an investigation of potential upstream sources of mercury was undertaken by the Ontario 
MOE.  The results of these investigations are reported separately, but are summarized in this section. 

Surface water sampling in the Old Canal and at storm sewer outfalls along the Cornwall waterfront was 
conducted in 2005, over a period of a number of weeks from June to August.  The sampling results are 
summarized in a separate report.  In addition, concentrations of total and methyl mercury were measured in 
outflows from storm sewers and CSOs following rainfall events from May 2007 to July 2008 and were compared 
to concentrations in the St. Lawrence River upstream of Cornwall.  The results indicated that a number of storm 
sewers and CSOs along the Cornwall waterfront continue to discharge total mercury to the river at 
concentrations up to three orders of magnitude higher than background river water, and methyl mercury at 
concentrations up to 4-times higher than upstream river water. 

Groundwater sampling was also conducted by the MOE at the ICI and Domtar properties.  Groundwater quality 
was found to be similar to surface water quality in the canal, below the Moses-Saunders Dam.  Groundwater 
therefore appeared to not be impacted by mercury, and was not identified as a potential source to the river. 

In addition, the MOE conducted soil testing at the City of Cornwall’s winter snow disposal site. The snow 
disposal site is located near the St. Lawrence River just upstream of Zone 1. The results suggested that this site 
was not a major source of mercury. 

Storm water sampling was conducted at a number of storm water discharges along the Cornwall waterfront 
upstream of, and in, the area of Zone 1 (the results are discussed in a separate report) in 2007-2008. Sampling 
of discharge water from the storm sewers and CSOs following rainfall events showed increased mercury 
concentrations in (unfiltered) samples relative to concentrations in the river, and indicated that low levels of 
mercury continued to be contributed to the river from sources within the sewersheds.  

 

3.4 Academic Research 
In addition to the studies completed by Environment Canada and the Ontario MOE, a number of research 
studies conducted through the University of Ottawa and Queen’s University that focused on the mercury issue in 
the Cornwall AOC have been completed.  These studies are summarized in this section. 

 

3.4.1 Ridal et al. 2009 
Ridal et al. (2009) summarized the findings of a number of separate investigations, of which many are discussed 
in more detail in the following subsections.  The studies conducted included assessment of a number of 
environmental media: 
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 Surface water samples (unfiltered) from the old canal and stormwater outfalls to the river were collected 
and analyzed for total and methyl mercury as part of the Mercury Trackdown Project; 

 Suspended solids from surface water samples were analyzed for total and methyl mercury; 

 Zooplankton samples collected by vertical hauls were analyzed for tissue residues of total and methyl 
mercury; 

 Young-of-the-year, juveniles and adult fish, using gill nets, trap nets, seine nets and angling, were collected 
for tissue residue analysis (whole fish as well as skinless, boneless dorsal fillet) for total and methyl 
mercury; and  

 Fish stomach contents were removed, dietary items identified and analysed for total and methyl mercury.  

The authors noted that concentrations of mercury in water discharged from the old canal, suspected as a 
potential on-going source of mercury, were similar to concentrations in Zone 1 surface water.  However, the 
study noted that total mercury concentrations in unfiltered samples downstream of storm water inflows to the 
canal were higher (median = 0.69 ng Hg/L) than upstream (median= 0.32 ng Hg/L). 

In general the authors found that total mercury concentrations in surface water differed between Zones 
seasonally (surface water concentrations were higher in Zone 1 and Zone 2W in summer months), with the 
exception of late September when concentrations among Zones were similar.  The lowest concentrations in 
Zone 1 and 2 were found to occur in May, with the highest concentrations during the summer months.  However, 
methyl mercury concentrations among Zones showed no significant differences, though there was some 
seasonal variation within Zones. 

Concentrations of total mercury in suspended sediment were found to be higher in Zones 1 and 2 than 
upstream, though concentrations of suspended sediments in both Zones were observed to be low. (Suspended 
sediment samples would include suspended particulates transported downstream by the river from upstream, 
including Lake Ontario, any inputs from upstream storm sewers, as well as any re-suspended sediments from 
both upstream and within the Zones). The authors also noted that concentrations of total mercury in water 
samples from storm sewers and CSOs were 19-45 times higher than in river water (unfiltered samples). The 
authors concluded that mercury bound to suspended sediments comprised up to 20% of the total mercury in the 
unfiltered water samples.  

A strong correlation was found between methyl mercury concentrations in sediment porewater and amphipod 
tissues, indicating that methyl mercury in porewater was bioavailable and likely an important pathway of 
exposure. 

Zooplankton samples were analyzed for total and methyl mercury and the results indicated that concentrations 
of total mercury in zooplankton from Zones 1 and 2 were approximately 4-6 times higher than at the reference 
locations. Concentrations of methyl mercury were found to be only slightly higher (<2-times) in Zones 1 to 3 
compared to the reference locations. 

The results of the fish studies are reported separately below (Choy et al. 2008; Fowlie 2007; Yanch 2007). 
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3.4.2 Poissant et al 2007. 
The study focused on investigating gas ebullition from sediments in Zones 1 and 2. Gases were collected at a 
single location in each Zone over a period of seven days. Gases released from the sediments during 
decomposition of wood fibres within Zone 1 had been postulated as a mechanism by which mercury 
concentrations in water, and hence biota, could be enhanced.  

Gases emanating from the sediments in each Zone were collected to assess whether there was significant 
release of gaseous mercury as a consequence of release of other sediment gases (H2, CO, CO2, and CH4), and 
to assess whether there were differences in rates of release between the two Zones. 

The study concluded that there was negligible release of gaseous mercury in the two Zones, and the authors 
suggested that the mercury present in the sediments was mainly in non-volatile forms (i.e., bound to organic 
matter).  

 

3.4.3 N.R. Razavi 2008 
As noted above, previous studies noted that decomposing wood fibre in sediments in parts of Zone 1 released 
gases that were postulated to potentially enhance release of mercury to overlying water. The study by Razavi 
(2008) investigated bubbling of gasses (generated by decomposing wood fibres) from the sediments of Zone 1 
as a potential mechanism by which exposure of aquatic biota, primarily benthos, to dissolved mercury could be 
enhanced. This mechanism was investigated as a possible explanation for the observed differences in fish 
tissue residues in Zone 1, relative to predicted accumulation. The author also investigated the availability of 
mercury from porewater as a possible mechanism by which benthic organisms could accumulate mercury. The 
data are provided in Table 3.4.3-1 

Table 3.4.3-1 Sediment, Porewater and Amphipod Tissue Residues of Mercury, 2007. 

Station Depth 
(m) 

Sediment (0-5 cm) 
(ng/g dw) 

Porewater (0-5 cm) 
(ng/L) Amphipod (ng/g dw) Abundance 

Mean tHg 
(n=3) 

Mean 
MeHg (n=3) 

Mean 
tHg 
(n=3) 

Mean 
MeHg 
(n=3) 

Mean 
tHg 
(n=2) 

Mean 
MeHg 
(n=2) 

No. 
individuals 

June 2007 
RB1 8.4 1201.1 - 34.03 - 154.2 - 25 
RB2 9.4 6899.1 7.9 119.92 5.9 126.8 54.6 106 
RB3 6.6 1009.1 4.2 87.6 22.9 141.7 120.6 43 
RB4 7.2 4855 10.4 221.24 11.5 255.3 146.9 68 
RB5 8.3 953.1 - 34.68 5.6 109.1 - 25 
RB7 10.9 8715 10.9 36.08 - 260.3 74.4   
RB8 8.6 3347.6 7 944.13 18.1 200 92.9 55 
RB9 9.4 1099.15 3.1 96.87 5.3 135.2 60.4 31 
RB10 8.4 829.8 2.7 12.46 7.2 116.6 83.1 54 
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Station Depth 
(m) 

Sediment (0-5 cm) 
(ng/g dw) 

Porewater (0-5 cm) 
(ng/L) Amphipod (ng/g dw) Abundance 

Mean tHg 
(n=3) 

Mean 
MeHg (n=3) 

Mean 
tHg 
(n=3) 

Mean 
MeHg 
(n=3) 

Mean 
tHg 
(n=2) 

Mean 
MeHg 
(n=2) 

No. 
individuals 

July 2007 
RB1 10.2 17911.1 18.8 40.83 - 94.1 57.7 307 
RB2 7.5 9650 4 36.6 - 515 57 52 
RB3 11 - - - - 60.2 35 107 
RB4 3 13091.1 5.8 16.51 - 531.5 71 78 
RB5 9 1065.3 - 4.61 - 138.2 - 82 
RB6 9 1587.8 2.7 9.29 - 192 61.6 193 
RB7 9 2334.7 4.3 12.37 - 77.8 55.3 158 
RB9 10.6 1738.2 10.7 4.88 - 105.3 27.6 110 
RB10 5.5 6187 16.4 14.3 - 247 72.9 144 
RB11 8 868.9 - 4.13 - 235.1 - 22 
RB12 8.5 1894.7 3.7 58.8 - 284.7 43.9 83 
August 2007 
RB1 9.2 8787.2 5.6 32.74 2.6 174.3 51.1 83 
RB2 10.2 10505.6 8.2 51.04 - 544.4 52.3 57 
RB3 3 9069.2 6.1 16.44 - 596.1 105.4 51 
RB5 8.9 2556.1 4.2 11 - 214.6 36.8 81 
RB6 9 8415.4 14.5 138.39 - 112.6 56.8 51 
RB8 10.2 - - - - 100.9 54.1 816 
RB9 10.1 6398.7 8.2 150.97 4.8 335.1 49.9 91 
RB10 9.5 14171.5 - 77.5 - 147.2 - 54 
RB11 10.2 10434.9 10.9 25.9 - 159.2 56.9 260 
RB16 7.8 11302.3 - 92.06 - 444.5 - 9 
RB17 10.5 2545 16.2 25.67 - 103.9 56.6 556 
September 2007 
RB2 8.5 - - - - 97.2 - 34 
RB3 9.2 1365.2 - 5.63 - 144.3 - 49 
RB4 8 766.7 - 9.16 - 71.2 - 13 
RB5 6.5 3590.7 - 10.75 - 76 - 47 
RB6 9.5 9012.9 - 30.38 - 69.8 - 30 
RB8 9.2 2497.8 - 9.79 - 84.4 - 36 
RB9 9.5 2687 - 11.99 - 73.4 - 35 
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Station Depth 
(m) 

Sediment (0-5 cm) 
(ng/g dw) 

Porewater (0-5 cm) 
(ng/L) Amphipod (ng/g dw) Abundance 

Mean tHg 
(n=3) 

Mean 
MeHg (n=3) 

Mean 
tHg 
(n=3) 

Mean 
MeHg 
(n=3) 

Mean 
tHg 
(n=2) 

Mean 
MeHg 
(n=2) 

No. 
individuals 

RB11 9 - - - - 86.5 - 49 
RB17 9.2 2836.5 - 8.35 - 82.1 - 18 
Mean   5338.35 8.11 69.36 9.32 192.45 65.39   

Porewater was collected from 5 cm sections of core samples taken at 36 locations in Zone 1. Porewater was 
extracted under nitrogen atmosphere by centrifuge. Amphipods were collected at these locations and tissues 
analyzed for total and methyl mercury. Tissues residues were presented as mean concentrations of total 
mercury (all samples) and methyl mercury (25 samples). Mean concentrations of total mercury ranged from a 
low of 60.2 ng/g d.w. to a high of 596.1 ng/g d.w., while methyl mercury concentrations ranged from 27.6 ng/g 
d.w., to 146.9 ng/g d.w. (the highest methyl mercury concentrations did not necessarily occur with highest total 
mercury concentrations).  Of the 36 locations, two were in relatively shallow water (3 m), while the majority were 
in deeper waters of 8-11 m. Maximum amphipod abundance was noted at the deepest locations (>10 m). The 
highest mean methyl mercury tissue residues included both shallow and mid-depth (6-9 m) locations. 

The author found that methyl mercury in amphipods was significantly related to porewater concentrations in the 
sediments, but that a relationship with sediment methyl mercury concentrations or methane bubbling from 
sediments could not be established. However, the author noted that there were spatial and temporal trends in 
mercury accumulation, with shallower, vegetated, nearshore areas related to higher methyl mercury 
concentrations in amphipods and sediment porewaters (though as noted above shallow areas comprised 2 of 
the 36 locations sampled). The author suggested that methyl mercury generation was mediated through 
sediment organic matter, but also noted that organic matter appeared to limit bioavailability. 

The study found sediment concentrations of mercury in Zone 1 were higher than previously recorded in other 
studies, which was attributed by the author to the greater sampling effort undertaken in this study. As a result, a 
larger range in methyl mercury concentrations was also observed, both among locations sampled, and vertically 
within a single sampling location. The study refers to findings by Delongchamp (2006), in which the author 
showed that the highest methyl mercury concentrations were in the top 1 cm, which suggested that most 
methylation takes place near the surface. Assessment of porewater concentrations of methyl mercury vertically 
through the sediment profile found concentrations to be highest near surface (ratios of up to 60% methyl 
mercury to total mercury were noted). 

The results also showed high variability in tissue residues of total and methyl mercury in amphipods. 

The study concluded that there was a strong negative correlation between amphipod abundance and the 
occurrence of bubbling of gases from the sediments, though it is not clear whether this was due to negative 
effects of gas bubbling or avoidance of these areas. However, since most of the decaying wood fibre was 
located offshore, habitat preferences may play a role, with amphipods avoiding open exposed areas, which is 
where bubbling typically occurred. Since these areas were also noted as having a thin layer of fine sediments 
overlying decaying wood fibres, these areas may provide poor quality habitat. 
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The author concluded that spatial and temporal variability in methyl mercury concentrations in porewater and 
amphipod tissues could be attributed to methylation rate that in turn could be related to sediment organic matter. 
However, while the presence of organic matter can enhance methylation, the author notes that high organic 
matter may limit the availability of methyl mercury to porewater, thus reducing exposure of biota in these areas. 
The author notes that sediment low in organic matter may have proportionally more Hg(II) in the aqueous phase, 
which could enhance methyl mercury production (a model that assumes that most methylation occurs in the 
aqueous phase in sediments). As well, the author notes that methyl mercury concentrations in amphipods were 
related to temperature, with highest tissue residues noted in June. However, the author notes that there were no 
measurable levels of methyl mercury in porewater concentrations during the warmest months. 

 

3.4.4 M. Fathi 2009 
In this study the author investigated the flux of total and methyl mercury from sediments to the overlying water 
column. The study focused on two sites in Zone 1, and compared sites with and without wood fibre in sediments 
to assess whether the presence of decomposing wood fibre, through sediment de-gassing, was mobilizing 
mercury (as soluble mercury). Sediment cores were collected, sectioned into 1 cm sections, and analyzed for 
total and methyl mercury. Porewater mercury was assessed through sediment peepers. In addition, other 
geochemical parameters were analyzed in order to determine which geochemical constituents might control 
mercury complexation and diffusion. As well, specially constructed benthic chambers were used to collect water 
near the sediment-water interface to assess diffusion rates from sediments. 

Total mercury in surficial sediments in the two sediment cores analyzed ranged from a low of 766 ng/g d.w., to a 
high of 1740 ng/g d.w. Methyl mercury in the surficial samples ranged between 2.0 and 9.5 ng/g d.w. The author 
noted that the ratio of methyl to total mercury increased towards the sediment-water interface, with highest ratios 
near the surface (methyl mercury of 0.3% to 0.7%), and the author noted a weak correlation between methyl 
mercury and organic content in one of the cores, but a significant correlation in the other core. In contrast, 
significant correlations were noted in both cores between total mercury and organic content. 

Using lead-210 dating, the author concluded that the deepest layers of the sediment (which also had the highest 
mercury concentrations) were 63 to 96 years old. Based on the supply rate of lead-210, the author concluded 
that there had been high remobilization of sediments at the sampling sites. Calculated sedimentation rates 
ranged from 0.45 to 1.04 g/cm2/yr. Core dating indicated there was a reduction in total mercury beginning in the 
1970’s, which accelerated in the mid-1990’s, corresponding to closure of local industrial sources of mercury that 
were located upstream and in the depositional zones. 

Porewater concentrations relative to overlying water ranged from 17.94 ng/L:12.79 ng/L to 18.57 ng/L:15.92 
ng/L, suggesting that diffusion rates were likely to be low. Methyl mercury concentrations in porewater relative to 
overlying water at the two sites were 6.62 ng/L: 4.82 ng/L and 5.71 ng/L: 3.45 ng/L, and showed some seasonal 
variability, with higher concentrations attained in July and August than in June. 

Diffusion rates from sediment to overlying water were calculated based on the concentration gradient between 
porewater and overlying water, and the study concluded there was no diffusion of total mercury to the water 
column at the one site in June and July, but slight upward diffusion in August, while the reverse occurred at the 
other site, with slight upward diffusion in June and July, but no diffusion in August. In contrast, methyl mercury 
diffusion upwards was noted only at one of the sites. The author concluded based on the results of additional 
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analysis of other geochemical fractions that could affect complexation and solubility of mercury (e.g., sulphides, 
iron and manganese concentrations) that redox dependent processes had little effect on methyl mercury 
concentration in porewater.  

The author concluded that based on the results of the study, there was little evidence of total and methyl 
mercury diffusion from sediments to surface waters. Complexation of mercury with sulphide minerals in the 
sediments was provided as a potential explanation for the reduced availability of mercury in porewaters, but the 
presence of Fe/Mn hydroxides likely had little effect on porewater concentrations of mercury. 

 

3.4.5 T.M. Delongchamp 2006; Delongchamp et al 2009; Delongchamp et al 2010 
The author investigated partitioning of mercury between the sediment-bound (solid) and porewater (aqueous) 
phases in sediments. Sediments for solid-phase and porewater analysis were collected from Zone 1, Zone 2 and 
Zone 3. Porewater was extracted in the lab by centrifuge on 1 cm sections. Samples were analyzed for total and 
methyl mercury while lead-210 analysis was used to date the core sections. 

Based on the 210Pb dating, sedimentation rates were estimated at 0.18 g/cm2/yr in Zone 1 and 0.58 g/cm2/yr in 
Zone 2. A sedimentation rate for Zone 3 was not calculated, since there was no decline in 210Pb activity with 
depth. 

The study found that the highest mean concentration of methyl mercury in sediments was in Zone 1 and that 
sediments in Zone 1 also had the highest ratio of methyl mercury to total mercury.  

The author noted that dissolved total mercury in porewater represented less than 0.05% of the total mercury in 
the sediment solid-phase. Porewater-phase total mercury profiles showed a subsurface peak, with decreasing 
concentrations in porewater observed at depths below 10 cm. In contrast, there was no trend with depth in 
methyl mercury concentrations in porewater. Based on the results of the study, the author suggested that 
methylation was not controlled by availability of inorganic mercury. 

Diffusive fluxes (i.e., passive diffusion that does not account for physical disturbances such as bioturbation, etc.) 
were calculated for total and methyl mercury, and ranged from 1.2 – 48.2 ng/cm2/yr for total Hg and 1.2 – 14.6 
ng/cm2/yr for methyl mercury. Calculations indicated that at most sites less than 5% of the total mercury settling 
to the sediments was remobilized at the sediment-water interface. The exception was the location in Zone 1, 
where calculations indicated that 25% was remobilized. The calculations further showed that <5% of the total Hg 
deposited in the sediments would be refluxed to bottom waters through methyl mercury diffusion. 

 

3.4.6 L.E. Yanch 2007 
The study by Yanch (2007) assessed accumulation of mercury, as total mercury, spatially and temporally within 
the Zones using fish stomach content analysis. The study noted the prey composition of stomach contents for 
various sizes of fish, compared prey composition among sites to assess whether there were differences in 
feeding behaviour, and also considered seasonal changes in feeding habits (though these related mainly to fish 
size). Total mercury concentrations in the different prey items were analyzed to assess whether differences in 
prey tissue residues could account for differences in fish accumulation among the Zones. 
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Spring sampling results indicated that there was migration of spawning-age fish into Zone 1 that supplemented 
the resident population. Mercury concentrations in tissue residues and gut contents of these fish were generally 
lower than in fish assumed to be resident within Zone 1. The migrant fish were also more likely to have fed on 
small fish rather than invertebrates. The author noted that, overall, small perch tended to have a greater 
proportion of benthic organisms in stomach contents, while larger fish shifted more to small fish being a 
significant dietary item. 

The author concluded that during summer, most of the resident yellow perch population in Zone 1 was 
comprised of younger fish. Gut contents reflected feeding mainly on invertebrates, as would be expected during 
younger life stages. The author noted that amphipods comprised the majority of the items in gut contents in the 
resident fish from Zones 1 and 4 (reference), while chironomids and Bythotrephes were most common in fish 
from Zone 2. The study noted that despite variation from year to year (2005-2006) in the prevalence of some 
species gut contents, the proportion of amphipods remained nearly the same, indicating this is a consistently 
exploited dietary resource. 

The results indicated that concentrations of total mercury in perch and their prey were 1.5-times higher in Zone 1 
than in Zone 2, and 2.5-times higher than in Zone 4, and that this difference was statistically significant. While 
there was little variability in total mercury concentrations among prey in Zone 1, there was significant variability in 
Zone 2, with fish and Bythotrephes containing approximately 2.5-times higher concentrations than amphipods.  

The author also noted that in general, mercury concentrations in all prey items combined, across all Zones, was 
higher in 2005 than in 2006, suggesting that there was yearly variability in mercury availability and uptake that 
may be related to feeding habits with each Zone. 

Seasonal changes were also observed in mercury concentrations in prey items. In particular, the author noted 
that total mercury concentrations in amphipods in June were significantly higher than in July and August. 

Finally, the author noted that there were differences in tissue mercury concentrations in fish captured within 
different areas of Zone 1, with some areas having higher total mercury concentrations in prey tissues, while 
concentrations in prey from other areas were lower. But, the author also noticed that there was a large range in 
concentrations within some sub areas within each Zone. 

Based on the results of the study, the author concluded that a linear relationship existed between tissue residues 
in perch and tissue residues in prey in Zone 1. 

The author found no differences in trophic position of prey between Zones, and therefore concluded that trophic 
position of the prey could not account for differences in tissue residues in yellow perch among the Zones. The 
study concluded that diet may not be the only exposure route for yellow perch in Zone 1 based on the 
observation that while all Zones had similar rates of biomagnification, the amount of total mercury at the base of 
the food chain was greatest in Zone 1. 

 

3.4.7 A.R. Fowlie 2008; Fowlie et al 2008. 
The author conducted a study to assess mercury accumulation in a number of fish species, including yellow 
perch (Perca flavescens), rock bass (Ambloplites ruprestis), pumpkinseed (Lepomis gibbosus) and brown 
bullhead (Ameiurus nebulosus). Sampling was conducted over a number of seasons, including spring, summer 
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and fall and thus considered seasonal (temporal) changes in fish tissue residues. Skinless boneless dorsal fillet 
was used for analysis, since the author noted that most mercury is sequestered in muscle tissue. This approach 
was also consistent with fish tissue residue assessment conducted by the MOE.  

The study found that overall, mercury concentrations were highest in yellow perch from Zone 1. Similar results 
were obtained for the other species (raw data were not provided in the report and therefore that data used 
cannot be presented in this report). The author noted that mature, spawning-age perch appeared to migrate into 
Zone 1 in the spring. As well, there appeared to be a separate in-migration of larger perch in the fall. Both 
groups of migrant fish were larger than individuals caught during the summer months that were considered to be 
resident in the Zone. 

The study found that that larger fish captured in the spring and fall (the presumed in-migrants) had generally 
lower tissue residues of mercury than the smaller, apparently resident perch captured during the summer. The 
higher concentrations in resident perch in Zone 1 could not be related to variations in growth rates or growth 
efficiencies. The authors attributed the differences in tissue residues among the Zones to differences in dietary 
exposure. 

 

3.4.8 Choy et al 2008 
The author collected young-of-the-year spottail shiners from reference areas, and three discrete areas in Zone 1 
to assess whether there were differences temporally and spatially in mercury tissue residues. Whole fish 
samples were analyzed for total mercury. The study found that mercury concentrations in Zone 1 fish were 
significantly higher (mean= 69 ± 6.5 ng/g w.w.) than in the reference areas (50 ± 9.7 ng/g w.w. and 34.2 ± 9.7 
ng/g w.w.). The study also found that within Zone 1, there was variation in fish tissue mercury concentrations 
among the three sites sampled. Concentrations ranged from 60-80 ng/g (w.w.), with the highest concentrations 
recorded in fish collected from a site near the middle of the Zone, along the shore. Concentrations in fish from 
this site were higher than at the site that has been sampled by the MOE as part of the young-of-the-year fish 
monitoring program. The results indicated that current monitoring may not reflect the range in fish tissue 
residues to which adult fish, feeding on young-of-the-year, could be exposed. 

Comparison of tissue residues in fish from the location in Zone 1 that has been sampled previously by the MOE 
with the current study indicated that there was little change in fish tissue residues, during a time period when 
concentrations in fish from reference areas decreased. The author concluded that the lack of a similar decline in 
tissue residues indicates that mercury was continuing to be accumulated by YOY fish. 
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4.0 ASSESSMENT OF ADMINISTRATIVE CONTROLS  
Administrative Controls are the planning approval and permit control mechanisms that municipal, provincial, and 
federal levels of government, and the Mohawk Council of Akwesasne can apply to regulate development 
activities. Within the context of the Cornwall Sediment Strategy, the intent of the administrative controls is to 
prevent the exposure of deeper more contaminated sediment which may impact on the natural environment and 
to ensure that proper mitigation measures are considered when activities within the Cornwall waterfront 
sediment zones cannot be avoided (*provide reference). 

Through signing the Cornwall Sediment Strategy Accord seven organizations confirmed their commitment to 
work in a cooperative, coordinated and integrated fashion to harmonize their permit review processes to prevent 
human disturbance of the contaminated sediment Zones (the  Cornwall Sediment Strategy – Administrative 
Controls Protocol document contains the Accord and the protocol for applying the Administrative Controls) .  The 
seven organizations or agencies involved in the Administrative Controls include Environment Canada, 
Department of Fisheries and Oceans, Ontario Ministry of the Environment, Ontario Ministry of Natural 
Resources, Mohawk Council of Akwesasne, Raisin Region Conservation Authority and the City of Cornwall.   

Since the signing of the Accord, 4 project proposals have been reviewed by the Sediment Strategy Review 
Committee.  An overview of the projects and outcomes follows: 

Project 1 (2005-2006) 

A 44 boat docking complex to be located in the western end of Zone 2 was proposed by a residents group at the 
former Courtaulds site.  The docking complex was to be constructed using piles driven into the riverbed.  Review 
comments were provided to the proponent which included requests for evaluation of options for relocating the 
project away from the contaminated sediment, redesigning the construction method to mitigate disturbance of 
sediment from driving the piles and positioning of machinery (barge with pile driver), more detailed design 
drawings of the proposed structure and it’s exact location and methodologies used to generate information on 
substrate and water depth.  The proponent did not pursue the application. 

Project 2 (2006) 

The NAVCanada training institute and conference centre submitted an application for a private boat dock for 
recreational watercraft within eastern end of Zone 2.  The proposed dock would be installed in the spring and 
removed in the fall on an annual basis.  All requested information was provided on dock design and 
specifications including installation and removal, however more information on substrate type was required and 
mapping accuracy was a concern.  Installation and removal of the dock legs (4 pairs) was raised as a concern 
because of the potential to disturb deeper sediments and the proponent did not pursue the application further. 

Project 3 (2008)  

A private landowner submitted a request for a decision from the committee to support the sale of their property.  
The owner intended to show a potential buyer that a proposal for a hypothetical dock would receive a decision of 
good standing from the Review Committee and submitted information on dock design, water depth and sediment 
type in Zone 2.  Before the matter was resolved, the property was sold to new owners who were not interested in 
pursuing an application for dock construction.  
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Project 4 (2007- ongoing) 

In 2007, the RCAF submitted a proposal to install two floating boat docks in an inlet near Zone 1.  At the time of 
the proposal, insufficient mercury data was available for the proposed area and the Review Committee was 
unable to make an informed decision.  Additional sampling was subsequently conducted and mercury levels 
were observed above Provincial Sediment Quality Guideline (PSQG) Lowest Effect Level and above control site 
concentrations, but below PSQG Severe Effect Level.  The Review Committee accepted the initial proposal of 
two floating docks but as a precautionary measure, required that they be designed so that they were anchored to 
shore, not the river bottom.  Currently it is unknown whether the proponent will implement the requested design 
in 2010. 

The Administrative Controls process has been working well in the 5 years since the signing of the Accord.  All 
seven agencies have coordinated their reviews and communicated concerns with proposed development 
activities along the shoreline.  Recommendations for improving the application of the Cornwall sediment Strategy 
Administrative Controls process are: 

 Photo records of the current shoreline structures will be made available as a reference in the event that 
there is a violation of permitting and approval procedures. 

 Review Committee members will provide an alternate to perform the reviews in the event that they are 
unavailable for an extended period of time.  Most shoreline permits or violations occur during the summer 
months. 

 Improved (larger) maps of the Cornwall Sediment Strategy Zones will be produced and made available to 
assist in communicating and implementing the strategy. 
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5.0 DISCUSSION 
The results of the investigations in Section 3 and 4 are summarized and integrated in this section, focusing on 
the changes that have occurred since the Cornwall Sediment Strategy was implemented. The results are also 
summarized in Table 1 (follows text).  

 

5.1 Sediment Mercury Concentrations 
A number of the studies reviewed included analysis of sediment samples for both total mercury and methyl 
mercury. These have considerably expanded the understanding of mercury contamination in Zone 1, where 
most of the sampling has taken place. The sampling has also extended beyond the areas typically sampled in 
the past, such that there is now greater coverage of the area of Zone 1. 

The study conducted by Environment Canada in 2007 (Milani and Grapentine 2009) showed little change in 
sediment concentrations of total and methyl mercury since the previous study conducted in 2001. Some areas 
showed an increase in sediment concentrations, while others showed a decrease, and the variability in the 
results between the 2001 and 2007 studies may be more a consequence of the depth of sampling and the 
heterogeneity of historical mercury contamination than any real changes in sediment concentrations. As noted in 
Section 2, Biberhofer and Rukavina (2002) had indicated that sedimentation rates in the Zones were generally 
low, ranging from 0.3 to 2.6 cm/yr in Zone 1. These results suggest that total sediment accumulation in the 
period from 2001 to 2007 could range from 1.8 cm to 15.6 cm. Therefore, sampling 10 cm sections, or 5 cm 
sections may not represent exclusively new sediments, and sampling may have included deeper sediments that 
are known to have higher concentrations of mercury. A further complication arises from the results of the storm 
sewer and CSO sampling program that indicated there were still sources of mercury to the system. As a result it 
is difficult to attribute changes in sediment concentrations to improvements or to further degradation based on 
these results. While sediment sampling in 2007 was conducted at the same locations as in 2001, it is unlikely 
that sampling was in the exact same place each year, and therefore the results also suggest that there is 
variability in sediment mercury concentrations, even within the localized areas sampled.  

Similarly, the studies conducted by the MOE in 2004 indicated that there was only a slight downward trend in 
sediment mercury concentrations in the three Zones since the 1990’s, though this was based on a limited 
number of sampling locations in Zone 1.  

The Ridal et al. (2009) study found that the percent of total mercury that was present as methyl mercury ranged 
from 1.5% at reference locations to a high of 6.4% in Zone 1 in the top 1 cm section (0-1 cm). In contrast, the 
percent methyl mercury in the deeper sediment sections analyzed in the Environment Canada 2007 study was 
generally much lower. The results of the studies reported by Ridal et al. (2009) indicated that mercury 
methylation generally occurred in the near-surface sediments and that the mercury methylation rate appeared to 
be higher in Zone 1 sediments than in the other Zones. 

Razavi (2008) noted that in the areas where decomposing wood fibres resulted in the release of gases, only a 
thin layer of sediments was observed, and that this layer was easily disturbed. This contrasted with areas where 
no wood fibres were present, and sediments appeared to be thicker (and more stable). The results of these 
observations indicate that sediments are not accumulating to any appreciable depth in areas where sediment 
de-gassing is occurring. The results also indicate that there is some sediment re-distribution within Zone 1, and 
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that sediments may only accumulate temporarily in the areas of sediment de-gassing. The thin layer of 
sediments observed in these areas suggests this has been an on-going process since decomposition of the 
wood fibres commenced.  

The study by Razavi included a larger number of sediment sampling locations in Zone 1 than either the 
Environment Canada or MOE studies, and also found a much greater range in sediment mercury concentrations. 
The results indicate that mercury is distributed more broadly, and that concentrations are more variable, than 
previously determined. However, as discussed in Sections 5.3 and 5.4 below, these do not appear to translate 
into increased concentrations in either the water column or benthic organism tissues, at least in the main 
depositional areas previously assessed. As noted above, the depth of the sediment samples (5 cm), may have 
included deeper sediments, and therefore the results may be more indicative of historical conditions, rather than 
reflective of recent disposition of sediments in Zone 1. Nonetheless, the results indicate that at present it is not 
possible to provide a definitive assessment of whether sediment concentrations are decreasing over time, since 
new areas not previously sampled have indicated sediment concentrations initially in Zone 1 may have been 
higher than was previously recorded. 

 

5.2 Sediment Porewater Mercury Concentrations 
Porewater has not been sampled in previous studies, and therefore this component does not provide a marker of 
changes in sediment conditions. Nonetheless, porewater conditions can provide additional insight into mercury 
mobility at the site, and can help to understand potential for long term stability with respect to mercury 
bioavailability. Both Fathi (2009) and Delongchamp (2006) investigated sediment porewater, using different 
methods (peepers vs. porewater extracts from sediment). The results of both studies indicated that 
concentrations of mercury in porewater were low (Delongchamp (2006) reported that total mercury in porewater 
represented less that 0.05% of the total mercury). Fathi (2009) also considered the influence of other 
geochemical constituents of sediments in Zone 1 with respect to potential geochemical controls on availability of 
mercury, and concluded that the major factors affecting porewater concentrations were the presence of organic 
matter and sulphides. Since complexes formed with both of these constituents tend to be relatively stable under 
stable redox conditions, the results suggest that as long as sediments remain physically stable, porewater 
concentrations, and bioavailability, should also remain stable. Delongchamp (2006) noted that concentrations of 
mercury in porewater decreased with depth in the sediments, suggesting that as new cleaner material 
accumulated, porewater concentrations, and benthic tissue residues, should decrease. 

Considering the results of these studies in light of the findings of Razavi (2008), who found a significant 
correlation between sediment porewater concentrations and amphipod tissue residues, suggests that for benthic 
organisms, sorption from porewater may play a significant role in tissue accumulation, though whether this 
accounts for greater bioaccumulation than the ingestion route is not clear. However, the results imply that the 
limited flux of mercury from sediments to porewater could also play a role in limiting bioavailability and uptake of 
mercury by benthos that in turn could limit biomagnification of mercury at higher trophic levels.  

5.3 Sediments as a Source of Mercury to the Water Column 
The studies by Fathi (2009) and also Delongchamp (2006) considered the potential release of mercury from 
sediment to overlying water as a potential pathway of exposure for aquatic biota. Their results indicated that 
there was little contribution of mercury (as soluble mercury) from sediment to the overlying water, and suggest 
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that this is a minor route of exposure. Poissant et al. (2007) and Razavi (2008) investigated the potential for 
release of mercury from sediments that were high in decomposing wood fibres. The study was designed to 
address the concern that mercury, and in particular, methyl mercury, could be released to the water column and 
potentially be a pathway of exposure, through release of gases from the decomposing fibres. Both studies 
indicated that bubbling of gases from wood fibre deposits did not account for a significant contribution, and that 
release of gases was not likely to be a major source of soluble mercury to overlying water.  

The results of the studies by Fathi and Delongchamp are consistent with other studies in the literature that 
indicate that release of methyl mercury to the water column can be highly variable, and to a great extent 
depends on site-specific sediment geochemistry, as noted in Section 5.2. The results of these studies indicate 
that, at least in Zone 1, diffusion of soluble mercury from sediments to the overlying water is not likely to be a 
major contributor to bioaccumulation of mercury by aquatic biota, and that other pathways of exposure and 
accumulation are likely to be more significant. Since previous studies on diffusion of mercury from sediments 
have not been conducted in the AOC, these results, while serving to broaden the understanding of mercury 
dynamics at the site, do not provide insight into whether conditions are improving in the AOC. 

 

5.4 Benthic Organism Tissue Residues 
Tissue residue sampling conducted by Environment Canada showed that while chironomids had the highest 
total mercury tissue residues in all Zones, they had the lowest methyl mercury concentrations in both 2001 and 
2007 samples. Amphipods, based on the limited data available, had much higher methyl mercury tissue residues 
(i.e., both as total accumulation per mass of tissue and as a percentage of total mercury) in both years.  The 
study by Yanch (2007), though only considering total mercury in prey tissues, points out that there were 
significant feeding differences in yellow perch among the Zones, with amphipods identified as the major food 
source for younger perch (Yanch confirms on the basis of gut content analysis that older fish feed predominantly 
on small fish rather than invertebrates) in Zone 1. In contrast, amphipods comprised a smaller percentage of diet 
in Zone 2. Thus, differences in feeding preferences between the Zones could result in differences in tissue 
residues in yellow perch among the Zones. 

The results present an interesting dilemma – while amphipods comprised most of the diet of younger yellow 
perch in Zone 1, the lack of amphipods for tissue residue analysis reported by Environment Canada (Milani and 
Grapentine 2007) indicates that amphipods were relatively sparsely distributed in the areas sampled. The 
benthic community assessment (Milani and Grapentine 2007) also indicates that in the areas sampled in Zone 1 
they were sparely distributed (and were similarly present in low numbers in Zone 2).  

The study by Razavi (2008), found both the abundance of amphipods and sediment mercury concentrations to 
be highly variable within Zone 1. While a quantitative analysis was not undertaken on the distribution of 
amphipods as part of the Razavi study the data presented in Section 3.4.3 suggests that amphipod density was 
higher at the deeper locations than at shallower locations (minimum depth in which sampling was conducted 
was 3m).  

Comparison of mean tissue residues of total mercury in amphipods as determined from the study by Razavi 
(2008) (192 ng/g d.w.) with those obtained in the Environment Canada 2001 (239 ng/g) and 2007 (112 ng/g) 
studies indicates that the concentrations reported by Razavi are within the range of tissue residues reported by 
Environment Canada. However, as the study by Razavi shows, the distribution of mercury in amphipod tissues 
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was highly variable within Zone 1. Finally, while the study by Razavi sampled only two locations in shallower, 
vegetated areas, the limited results indicate that both sediment concentrations of mercury and tissue residues in 
benthic organisms from these areas could be important factors contributing to overall fish tissue residues. While 
mean concentrations of total and methyl mercury in Zone 1 amphipods were 192 ng total Hg/g d.w., and 66 ng 
methyl Hg/g d.w., mean concentrations in the shallower locations were 564 ng total Hg/g d.w., and 88 ng methyl 
Hg/g dw. Since young perch, that would typically rely upon benthic organisms as a major component of their 
diet, are also more likely to prefer nearshore vegetated areas that provide cover and protection from predators, 
these areas may be contributing disproportionally to mercury accumulation in young resident perch. The limited 
data from the shallower areas precludes drawing any firm conclusions, but does point to potential future 
investigation needs. 

Therefore, it cannot at this point be concluded with certainty that there has been a substantial change in benthic 
organism accumulation of mercury. The Environment Canada results indicate that sediment concentrations of 
total mercury in all three biota species analysed decreased from 2001 to 2007 in Zone 1, but that concentrations 
of methyl mercury in chironomids increased. However, all results were based on limited datasets that in some 
cases precluded calculation of variability since only single samples were obtained. The data provided by Razavi 
has indicated reasonable concordance with the 2001 and 2007 EC data for the deeper areas of Zone 1 that are 
devoid of vegetation, but has suggested that nearshore areas that were not assessed in previous studies may 
be important contributors to fish tissue residues.  

Similar conclusions can be applied to Zones 2 and 3, where limited datasets, and variability among sediment 
concentrations and tissue residues of mercury precluded meaningful interpretation of change.  

 

5.5 Fish Tissue Residues 
The results reported by Yanch (2007) suggest that younger yellow perch may be feeding in shoreline areas 
rather than out in the deeper waters of Zone 1 where sediment sampling has been concentrated. Comparison of 
the mean concentration of total mercury in samples collected by Environment Canada in 2001 (239 ng/g d.w.) 
and those obtained from fish stomachs by Yanch (287 ng/g d.w.) indicates that there is no substantial difference 
in tissue residues in the populations of amphipods on which the fish are feeding (methyl mercury was not 
analyzed by Yanch, but it is assumed that methyl mercury is present at a similar ratio to total mercury as 
determined from the Environment Canada study). The slightly higher tissue residues in amphipods reported by 
Yanch compared to the Environment Canada 2001 results, upon which the modeled accumulations in yellow 
perch were based, are unlikely to account for the differences between modeled and measured tissue residues, 
as reported in Golder (2004). 

The mean concentration of total mercury in amphipods in Zone 1 from the Razavi study of 192 ng/g dw is 
somewhat lower than the ranges reported by Yanch and Environment Canada 2001, and suggest that there 
would in fact be a greater discrepancy between modeled and measured tissues residues by using these data 
alone.  As noted above, the mean total mercury concentration in amphipods in Zone 1 ranged from 239 ng/g in 
the 2001 study to 112 ng/g dw in the 2007 study (samples in the Environment Canada 2001 and 2007 studies 
were limited to one or two sites that yielded sufficient tissue for analysis and the calculated means for any one 
year cannot be considered as definitive). Thus, decreasing concentrations in amphipod tissues suggest that 
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modeled tissue residues in yellow perch would be lower, and not higher, than concentrations measured in fish 
tissues. 

It is important to note that young fish generally stay close to shore, preferring areas of vegetation where small 
fish can safely forage and hide. Only large adult fish generally venture into open water, though fish of this size 
will typically prey on small fish as indicated by the analysis of stomach contents of spawning-age fish (Yanch 
2007). Many of the locations where amphipods were obtained were in deeper water, where they would be 
expected to be only a minor component of the diet of larger fish. 

The results of the work by Choy et al. (2008) indicate that there is significant variability in tissue levels of mercury 
in young-of-the-year fish in Zone 1, and that young-of-the-year fish (that are restricted in range to relatively small 
areas of shoreline) are likely to reflect local variability in mercury concentrations in sediment and prey items. 
Thus, the results of the studies by Yanch and Choy indicate that tissue residues in young-of-the-year fish that 
were used to predict exposure of adult fish need to consider within-site variability. Since adult tissue residues are 
likely influenced mostly by tissue residues in young-of-the-year fish, the results indicate that where young-of-the-
year fish feed within Zone 1 can significantly affect adult tissue residues, and may be one of the reasons why 
there is such variability in adult tissue residues. 

The results indicate that fish feeding in other areas of Zone 1 than those directly assessed in previous studies by 
Environment Canada and MOE may be exposed to higher mercury concentrations in their prey, and implies that 
there may be areas of mercury accumulation in sediment of Zone 1 that have not been characterized. Shallow 
vegetated littoral areas would be preferred habitat for both gammarids and young-of-the-year perch. These 
areas, due to the presence of vegetation, can also effectively trap sediments, and additional characterization of 
these areas would be indicated by the results of these studies. The study by Razavi, discussed in the preceding 
subsection, has indicated that higher concentrations of mercury occur in limited nearshore areas. Since only two 
nearshore locations were sampled it is not known if the data reported are representative of broader areas of the 
nearshore, or whether these simply represent isolated conditions.  If higher tissue residues of mercury in 
amphipods (and higher sediment concentrations) occur broadly in the nearshore areas frequented by young 
yellow perch, these could account for the higher tissue residues observed in fish from Zone 1.  

The study by Fowlie made an interesting observation – that spawning age fish appear to migrate into the area, 
and that these fish generally had lower tissue residues of mercury. In contrast, resident fish in Zone 1, though of 
a smaller size, often had higher tissue concentrations of mercury. Fowlie et al. (2008) speculated that as fish 
mature and extend their feeding range to areas outside of Zone 1 they are exposed to lower mercury 
concentrations in prey. As a result, the combined effects of growth dilution and reduced exposure to mercury in 
their diet could lead to lower tissue residues as perch mature. 
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5.6 Potential On-Going Sources of Mercury 
The paper by Ridal et al. (2009) and the Trackdown Study initiated by the MOE indicate that there are still on-
going, though relatively low-level sources of mercury to the AOC. The studies indicate that mercury 
concentrations in samples collected from storm sewers and CSOs were 19-45-times greater than in background 
river water samples for total mercury and 2-4 times higher than river water for methyl mercury, and that 
therefore, there are still sources of mercury to the system. This may, in part, account for the lack of change in 
sediment concentrations noted in the Environment Canada and MOE studies (though the relatively large 
sections sampled (0-5 cm and 0-3 cm respectively), may not be fine enough to pick up changes since 2001). 

While direct industrial discharges to the river ceased in the 1990’s, the studies indicate that there is potential for 
deposition of new contamination from storm sewers and CSOs,  as well as potential for some re-suspension and 
re-distribution of sediments in Zone 1 (Biberhofer and Rukavina noted that there was some variation in 
deposition, and that at times sediments were accreting and at other times eroding). 
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6.0 CONCLUSIONS 
The results of the studies support the general understanding of mercury mobilization through aquatic systems. 
The results indicate that mercury release from sediments is generally low, and that most of the mercury is 
present as sediment-bound complexes. The results also support the literature findings that mercury is 
accumulated in fish mainly through diet, and further show that variations in diet among fish from different Zones, 
and variations in prey tissue residues within Zones can influence mercury accumulation. The results also have 
implications for future monitoring. The findings suggest that other areas in Zone 1 need to be considered in 
future monitoring, since the fish tissue residue analyses reported above indicated that there may be other areas 
of sediment contamination within Zone 1 that are contributing higher concentrations of mercury to resident fish. 
The results also raise the possibility that on-going discharges of mercury from sources along the Cornwall 
waterfront may be contributing the higher fish tissue residues.  

The results of the studies can therefore be concluded to indicate that: 

1) Accumulation of new sediment in Zones 1 and 2 is low, as indicated by recent sediment sampling, but 
interpretations are confounded by the depth to which sediment samples were collected. Recent sampling 
may have included deeper, historical material, and may not provide an accurate indication of whether new, 
less contaminated sediments are accumulating in the Zones. 

2) Sediment concentrations of mercury may be decreasing, but at a slower rate than originally postulated due 
to low accumulation rates, and the potential addition of mercury from on-going sources such as storm 
sewer discharges and CSOs. Some re-suspension of sediments in areas of sediment de-gassing may also 
be occurring and, together with other potential disturbances such as bioturbation, may also reduce the 
burial rate. 

3) Sediment porewater concentrations were low and represent a very small fraction of the mercury bound to 
sediments. A number of geochemical fractions appear to control mercury availability that under stable 
physical conditions are not expected to change. Given the low concentrations in porewater, the studies 
found that sediment mercury is not a significant source of soluble mercury to the water column. 

4) Release of gases from decomposing wood fibres does not appear to be a significant contributor of mercury 
to overlying water or biota, though de-gassing may result in some sediment re-suspension and re-
deposition.. 

5) Sediment porewater is an important pathway of exposure of benthic organisms to total and methyl mercury. 
However, a review of the literature indicates that porewater is likely to be a minor pathway for fish for which 
ingestion appears to be the major route of exposure. However, concentrations of soluble mercury in 
porewater were very low, and indicate that sediment geochemistry plays an important role in limiting 
availability of mercury to benthic organisms.  

6) Ingestion of contaminated prey is the major route of exposure for fish, and varies according to feeding 
habits and feeding ranges. Young resident perch in Zone 1 appear to be feeding primarily on benthic 
organisms. While feeding habits appear to vary seasonally, likely due to both the size of the fish (smaller 
fish will target smaller prey) and the availability of benthic species, amphipods appear to comprise a major 
fraction of their diet. Higher tissue residues in amphipods from nearshore, vegetated areas where young 
perch would find suitable cover, may account for higher tissue residues in young perch.  
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7) Older, spawning age fish typically had lower concentrations of mercury, and may reflect variability in 
exposure to sources of mercury as fish expand their feeding range to include areas outside of the Zones.  

8) Young fish in some areas of Zone 1 had higher tissue residues than previously recorded, suggesting that 
nearshore areas or shore-based discharges such as storm sewers were contributing to mercury 
accumulation in perch. The results suggest that future investigations should consider additional sampling of 
nearshore areas, both for sediment contaminant assessment and biota tissue residue assessment. 

9) Administrative controls have ensured that a coordinated review of projects in the Zones is undertaken, and 
that activities that could disturb sediments are identified and re-directed to other areas along the waterfront. 

The results obtained from these studies lead to some general observations. First, characterization of mercury 
contamination in Zone 1 sediments may have historically under-estimated sediment concentrations. The 
sediment sampling undertaken in previous studies has generally been confined to a relatively small area of Zone 
1. Sampling outside of this area has indicated that mercury contamination apparently extends over a broader 
area of Zone 1. The results also indicate that sediment concentrations of mercury are highly variable in Zone 1. 
Analysis of stomach contents of yellow perch has indicated that fish resident in Zone 1 preyed heavily on 
amphipods, at least during certain periods of the year.  Analysis of amphipod tissues has indicated that resident 
fish in Zone 1 could be exposed to higher mercury concentrations through dietary sources than previously 
estimated. Finally fish tissue analysis has indicated that fish resident in Zone 1 can attain higher mercury 
concentrations in muscle tissue than migrant fish, and suggest that accumulation is enhanced within Zone 1.   

 Finally, the review has noted that there are on-going, though relatively low sources of mercury to the river from 
storm sewer and CSO discharges to the St. Lawrence River at and upstream of Zone 1. Observations made in 
the reviewed studies indicate that sediment accumulation in areas of wood fibre decomposition, that are 
characterized by release of gases from the sediments, generally had a thin layer of accumulated fine sediments, 
and that release of gases may result in re-suspension of sediments, with subsequent re-distribution within Zone 
1. The thin sediment covering in the areas of the wood fibre deposits suggests this is not a recent phenomenon, 
but rather, that if this is in fact resulting in re-suspension of sediments, this has been occurring continuously 
since decomposition processes began releasing gases. Therefore, sediment re-suspension from these areas is 
likely to involve re-suspension of sediments recently deposited in these areas, which would likely include 
sediments originating from the on-going sources noted above. Given the back-eddy effect created by this 
embayment, it is likely that any sediment re-suspended in this area is re-distributed within Zone 1. 

The results indicate that while there is no indication that sediment conditions have deteriorated, improvements 
cannot be definitively identified for a number of reasons. First, the limited sediment sampling conducted recently 
has likely included deeper, historical material as indicated by sediment accumulation rates calculated in previous 
studies. Secondly, extensive additional sampling of previously undefined areas in Zone 1 has indicated that 
sediment contamination in this Zone is broader, and more variable, than previously determined. As a result, this 
creates the impression that sediment quality has deteriorated in this area, while in reality mercury contamination 
of sediment this area had not been adequately defined in previous studies. Finally, more extensive and detailed 
tissue residue analysis of benthos and fish has been undertaken recently, that have again suggested that the 
areas of sediment contamination by mercury are broader than determined previously. These studies have shed 
light on the possible explanations for the discrepancies between modeled and measured fish tissue residues in 
yellow perch. Therefore, the additional studies create some uncertainties in assessing changes in conditions in 
the AOC that preclude definitive answers. However, the studies undertaken do indicate that sediment conditions 
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appear to be stable, that release of mercury to the overlying water is a minor concern, and that geochemical 
controls on mercury bioavailability are likely to continue to control mercury mobility within the system, so long as 
the physical conditions remain stable. Finally, the results show that there are still on-going releases of mercury in 
storm sewer discharges that need to be considered with respect to measuring changes in sediment conditions 
within the contaminated Zones. 

The results also indicate that the monitored natural recovery option continues to be the most practical remedial 
option.  Sediment accumulation rates indicate that a much longer interval between assessments than the current 
6 years that has elapsed since the studies of 2001 and the currently reviewed studies that typically ended in 
2007, may need to be considered in order to differentiate changes from historical conditions. As well, the 
understanding of the extent of mercury contamination, particularly in Zone 1, continues to evolve, and how this 
may in the future change the assessment of mercury contamination remains to be seen. There also continue to 
be external sources of mercury to the AOC, and until these are addressed, the natural recovery option continues 
to be the most practical approach.   
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Table 1: Summary of Investigations in the Cornwall AOC. 2004-2008. 

Investigating Agency Year Areas (Zones) Investigated Study Components Results Author & Year 
Environment Canada 2007 Reference areas (7 locations) 

and Zones 1 (5 locations), 2 (5 
locations), and 3 (2 locations). 
Locations coincided with those 
sampled in 2001 by EC. 

• Water quality for general parameters, major 
ions. 

• Sediment chemistry for nutrients, major ions, 
metals scan, total and methyl mercury, 
PHCs and grain size. 0-10 cm section was 
used for all parameters listed above. In 
addition, total and methyl mercury at 
selected sites (10) in 0-5 cm section.  

• Benthic organisms (chironomids, molluscs 
and amphipods) collected for total and 
methyl mercury tissue analysis. 

• Benthic community analysis. 
• Sediment toxicity testing (sediment depth 

not specified) using Chironomus riparius 
(10-day survival and growth), Hyalella 
azteca (28-day survival and growth), 
Hexagenia spp. (21-day survival and 
growth) and Tubifex tubifex (28-day survival 
and reproduction). 

• Mean sediment total and methyl mercury concentrations in Reference area was 44% higher in 2007 than 
in 2001 in the 0-10 cm section. 

Sediment 

• Mean total mercury concentrations in Zones 1 and 2 were lower in 2007 compared to 2001 (11-32% 
decrease). Total mercury in Zone 3 was 10% higher (but only 2 locations sampled)  

• Mean methyl mercury concentrations in Zones 1 and 2 were higher in 2007 than in 2001 (45-47% 
increase). 

• Mean total mercury in 0-5 cm section was slightly higher than in 0-10 cm section at Reference, Zone 2 and 
Zone 3. Concentrations were lower in Zone 1. 

• Mean methyl mercury concentrations in 0-5 cm section were lower than in 0-10 cm section in Reference 
and Zone 1, and higher in Zones 2 and 3. 

• Percent of total mercury present as methyl mercury decreased from 2001 to 2007 in Reference and Zone 
3, and increased at Zones 1 and 2. Percent methyl mercury was lower in the 0-5 cm section compared to 
the 0-10 cm section at Reference, Zone 1 and Zone 3, but was higher in Zone 2. 

• Mean total mercury in chironomid tissues increased by 22% in Reference and Zone 2, but decreased by 
43-52% in Zones 1 and 3 between 2001 and 2007. Mean methyl mercury tissue residues decreased at 
Reference (19% decrease) but increased in Zone 1 (244% increase), Zone 2 (37%) and Zone 3 (24%). 

Benthic Tissue Residues 

• Limited data for other species indicates that tissues residues of both total and methyl mercury were lower 
in all three Zones, with the exception of methyl mercury in amphipods in Zone 1 and the Reference area. 

• Benthic community assessment indicted that 10 of the 12 sites were equivalent to reference, while the 
remaining two were possibly different.  Benthic community was not assessed in 2001, so comparison was 
to 1997 data, which indicated similar to slightly improved conditions.  

Benthic Community 

• Sediment toxicity tests showed that of the 4 species tested, only in the oligochaete test (endpoint: cocoon 
hatching) was there a difference from the controls, and only at three of the locations tested (one site each 
in Zones 1, 2 and 3). Similar results were obtained for the oligochaete tests in 2001.  

Sediment Toxicity Tests 

Milani and Grapentine 2009 

Ontario MOE 2004 Zone 1 (2 locations) and Zone 2 
(6 locations) 

• Sediment for total and methyl mercury (MOE 
analytical laboratory and Flett Laboratory). 

• Mean concentrations of total mercury in the 0-3 cm sections were lower than in the 0-10 cm sections in 
both Zone 1 and 2. 

• Mean methyl mercury concentrations were slightly higher in the 0-3 cm sections in Zone 2 than in the 0-10 
cm section and ~30% higher in Zone 1. 

Richman 2007 

Ontario MOE 2004 Zone 3 (30 locations) • Sediment for total and methyl mercury (MOE 
analytical laboratory and Flett Laboratory). 

• Mean concentrations of total mercury in the 0-3 cm sections were lower than in the 0-10 cm sections. 
• Mean methyl mercury concentration was slightly higher in the 0-3 cm section than in the 0-10 cm section. 

Richman 2007 

Ridal et al  2005-
2008 

Zones 1 and 2 and reference 
locations 

• Surface water, storm water, sediment and 
tissue residues from number of studies (also 
reported separately below). 

• Elevated levels of mercury were reported in some storm sewer and CSO outfalls relative to background 
river water. Concentrations varied seasonally, with lowest concentrations in May. Concentrations reflected 
rainfall events.  

• Tissue residues in zooplankton were 4-6 times higher than in reference areas. 
• Results of fish studies are reported separately below. 

Ridal et al 2009 

Poissant, L.  2005 Zones 1 and 2 (1 site each) • Collection of gases (H2, CO, CO2, CH4, 
mercury) from sediments using a custom-
built gas collector. 

• Emission of gaseous mercury was negligible, indicating that mercury in the sediments was in non-volatile 
forms, bound to sediment. 

Poissant et al 2007. 

Razavi, N.R. 2007 Zone 1 (36 locations) • Amphipods for tissue analysis 
• Gas collection from sediments 
• Sediment and sediment porewater for total 

and methyl mercury 

• A significant relationship was found between sediment porewater and amphipod tissues, but no 
relationship was found between gas bubbling from the sediments and amphipod tissues. Amphipod tissue 
also did not appear to be related to sediment mercury concentrations. 

• Sediment concentrations of mercury were higher than previously reported, indicating there was greater 
variability in sediment mercury concentrations than previously recorded. 

• A negative correlation between sediment bubbling and amphipod abundance suggests amphipods may 
avoid these areas. 

• High organic matter content in the sediments appeared to limit the bioavailability of mercury. 

Razavi, 2008 

Fathi, M. 2007 Zone 1 (2 sites) • Sediment and porewater mercury at different 
depths in core samples. Porewater 
assessed with sediment peepers. 

• Highest ratio of methyl mercury:total mercury was noted in sediments just below the surface, indicating this 
is where most methylation takes place. 

• Diffusion rates from sediment to overlying surface water were calculated to be low, and there was little 
evidence of mercury diffusion from sediment to surface water. 

Fathi 2009 

Delongchamp 2005 Locations in  Zones 1, 2 and 3 • Sediment and porewater for total and methyl • Zone 1 sediments had the highest mean concentration of methyl mercury and also the highest ratio of Delongchamp 2006 
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Investigating Agency Year Areas (Zones) Investigated Study Components Results Author & Year 
mercury on 1 cm sections of sediment. 

• 210Pb analysis for core dating. 
total: methyl mercury. 

• Dissolved total mercury in porewater represented <0.05% of total mercury in the sediment-bound phase. 
• Diffusion of mercury from sediments was low, <5% of total and methyl mercury in sediments was 

remobilized at the sediment-water interface. One are in Zone 1 indicated higher remobilization (25%), 
suggesting rate is variable. 

Yanch, L.E. 2005-
2006 

Zones 1, 2 and 4. • Stomach contents of fish (240 samples) and 
fish (yellow perch) tissues (64 samples) 
were analyzed for total mercury. Results 
presented on the basis of taxonomic group. 

• Study found that yellow perch preferentially fed on amphipods (56% of stomach contents), chironomids 
(42%), and isopods (32%). Fish comprised a greater diet mass in larger fish (~72%), but were present in 
12% of stomachs analyzed. Bythotrephes longimanus was found in 11% of stomach contents. 

• Amphipods were the most important diet items in Zones 1 and 4, but were 21% in Zone 2. 
• Significant differences were observed in types of prey consumed and the mercury tissue residue in the 

prey items among years. 
• Yellow perch and prey in Zone 1 had higher total mercury concentrations (by a factor of 1.5) than fish from 

other Zones. 

Yanch, L.E. (2007). M. Sc 
Thesis, Queen’s University. 

Fowlie, A. (Queen’s 
University and SLRIES) 

2004-
2005 

Two Reference areas and Zones 
1 and 2. Sampled seasonally. 

• Fish tissues analyzed for total mercury. 
Species collected were yellow perch, rock 
bass, pumpkinseed, and brown bullhead. 

• Yellow perch in Zone 1 in 2004-2005 samples were found to have higher concentrations of mercury than 
fish from other Zones.  

• Perch tissue residues varied according to whether fish were local or migrants. Migrant spring spawners in 
Zone 1 generally had lower mercury tissue levels than summer resident fish. 

• Results indicate that differences in fish tissue mercury among Zones could not be related to differences in 
length, age, condition factor, or growth rate. 

• Potential factors affecting higher than expected mercury accumulation in Zone 1 relative to other Zones 
were identified as differences in food web complexity, prey contamination, fish bioenergetics, competition, 
local sources of mercury and fish movements.  

Fowlie, Hodson & Hickey 
2008 

Choy  2005 3 discrete areas in Zone 1 and 2 
reference areas. 

• Young-of-the-year spottail shiners for 
mercury tissue residue analysis (total 
mercury). 

• Tissue residues in Zone 1 fish were higher than in reference area fish and that there was variability among 
fish in Zone 1. 

• Concentrations in fish from the site sampled by MOE were lower than at another site nearby, and MOE 
studies may under-predict tissue residues. 

• Tissue residues trend analysis indicated little change in fish tissue residues of mercury of time, despite 
general decreases in mercury concentrations in Great Lakes fish. 

Choy et al 2008. 
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