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Executive Summary 

The Cornwall Sediment Strategy (CSS) combines natural recovery with administrative controls and 

long-term monitoring to address the remediation of sediment depositional areas within the St. 

Lawrence River (Cornwall) area of concern (AOC) contaminated by legacy mercury (Hg). In 2015, a 

technical review of the CSS resulted in a revised framework with new objectives, goals and 

targets. Young-of-the-year (YOY) or forage fish with high site fidelity collected from nearshore 

areas represent one of the four types of environmental media to be monitored to assess progress 

toward the restoration objectives for the CSS.  The long-term monitoring objective to reduce 

exposure to methylmercury within the three zones so that fish concentrations in these zones are 

consistent with upstream reference concentrations. The restoration targets for the CSS Long 

Term Monitoring Strategy (CSS-LTMS) are to be based on composite fish samples collected at 

three upstream reference sites. To that end, specimens of small-bodied Fallfish, Round Goby and 

Yellow Perch were collected from three  reference sites (Woodlands Islands, Sheek Island and 

Macdonell Island) located upstream of the AOC. Additionally, Round Goby and Yellow Perch were 

collected from the CSS-designated zones of the AOC. Up to five composite samples, each 

constituted of five fish of a given species, were obtained for each sampling site. A total of 84 

composite samples were assembled and analyzed for total Hg concentrations. Methylmercury 

(MeHg) concentrations were also determined for a subset of 45 composites. Total Hg values 

obtained for the three sentinel species ranged from 24 to 50 ng g-1 of wet weight. Methylmercury 

concentrations ranged from 13 to 35 ng g-1 of wet weight and only accounted for 49 – 72% of 

total Hg. While levels of total and MeHg did not vary among sites in Fallfish and Round Goby, for 

both forms, the lowest and highest levels were measured in Yellow Perch from upstream 

reference sites. Our results also show that total Hg levels in Round Goby from three locations 

varied significantly from those obtained in 2016. While levels of MeHg in Round Goby from at 

least one AOC contaminated site exceeded those measured in samples from upstream reference 

locations, MeHg concentrations of Yellow Perch from AOC contaminated areas were comparable 

with those in fish from two reference sites. The different patterns in MeHg accumulation 

between species demonstrate the importance of using multiple sentinel species as part of the 

CSS-LTMS. Moreover, the spatial and inter-annual variations in THg and MeHg concentrations, 

and the lower than expected (>90%) percent of THg as MeHg across fish species warrant further 

assessments of fish baseline levels to establish reliable MoNR targets. Considering that the long-
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term monitoring objective is to reduce exposure to MeHg within the three zones, and the lower 

than expected % MeHg, we recommend that future monitoring of Hg levels in fish tissue as part 

of the CSS-LTMS includes both total and MeHg determinations. We also recommend that future 

assessment compare Hg levels in fish tissue from AOC contaminated areas against values from 

upstream reference sites collected in the same year, in lieu of setting baseline values from this 

study, given the spatial and temporal variability observed.  
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Background 

Legacy mercury (Hg) sediment depositional areas represent a long-term issue within the St. 

Lawrence River (Cornwall) area of concern (AOC). The Cornwall Sediment Strategy (CSS) was 

initiated in 2005 to address the long-term remediation of these contaminated sediments and it 

was determined that monitored natural recovery (MoNR), combined with Administrative Controls 

and long term monitoring, was the most appropriate method for dealing with contaminated 

sediment for the three depositional zones (Zones 1, 2, and 3; Figure 1) of the St. Lawrence River 

AOC along the Cornwall shoreline (deBarros and Anderson 2010).  

A Technical Review of the CSS was performed in 2015 to assess whether the remediation 

objectives were being achieved, and to align the program with recent developments and best 

practices for MoNR approaches. As a result, the following items were added to the CSS 

framework: (1) developing a Conceptual Site Model (CSM) for the St. Lawrence River AOC 

(Cornwall); (2) identifying the site specific restoration objectives and goals to be achieved through 

MoNR; (3) establishing short and long term achievable and realistic remedial action targets; and 

(4) recommending components of a long term monitoring plan to assess the effectiveness of 

MoNR in meeting those objectives, goals and targets (Rambol Environ. 2016, 2017a,b). The 

success of the MoNR approach is most effectively evaluated using multiple lines of evidence 

(Magar et al. 2009). Hence, to assess the effectiveness of MoNR over time, site-specific 

restoration objectives and goals have been developed for four types of environmental media to 

be monitored in upstream reference sites and AOC depositional zones: surface sediment (top 2 

cm), young-of-the-year (YOY) or forage fish, invertebrate tissue, and catch basin sediment within 

the Cornwall sewer system (Rambol Environ. 2017b).  

YOY fish from nearshore areas were selected to assess potential ongoing sources of Hg as well as 

food web exposure originating in the sediment of the three zones. Young-of-the-year have 

smaller home ranges compared to older conspecifics or sport fish and therefore better represent 

local changes in fish tissue concentrations. For YOY or forage fish species with high site fidelity, 

the long-term monitoring (LTM) objective is to reduce exposure to methylmercury (MeHg) within 

the three zones so that they are consistent with upstream reference concentrations, to the extent 
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feasible (based on variability of data collected) (Rambol Environ. 2017a). Quantitative measures, 

or ‘goals’ are defined to determine whether the objectives are achieved (e.g., concentrations of 

total mercury in tissue of YOY or forage fish collected nearshore are comparable to upstream 

concentrations; Rambol 2017b). Previous studies used YOY Spottail Shiner to monitor Hg 

accumulation in prey fish (OMOEE, 2005; Choy et al., 2008; SLRIES, 2012). Average and maximum 

total Hg (THg) concentrations measured in whole Spottail Shiner collected upstream of Zones 1-3 

by the St. Lawrence River Institute of Environmental Sciences between 2005 and 2011 were 74 

and 259 ng g-1, respectively, with the expectation that more than 90% of THg present in fish tissue 

is MeHg (Rambol 2017a). However, additional site-specific information is necessary to finalize 

numerical goals and to measure progress towards MoNR. Unfortunately, Spottail Shiners were 

not found in sufficient numbers in recent years to be used as a sentinel species. Therefore, to 

address data gaps pertaining to upstream YOY or forage fish tissue, it was proposed that YOY of 

three species such as Yellow Perch (Perca flavescens), Round Goby (Neogobius melanostomus), 

and Fallfish (Semotilus corporalis) be collected from upstream reference sites, and that five 

composite samples of each fish species (with at least five fish per composite) be assembled 

(Rambol 2017a). The upstream Hg fish data is to be used to define site-specific goals against 

which fish tissue concentrations in Zones 1-3 will be compared (Rambol 2017a). 

In 2016, forage fish were sampled at three impacted (Zones 1, 2 West and 3) and two upstream 

reference (Zone 5 and Macdonell Island) sites shown in Figure 1. Fallfish, the most prevalent 

Cyprinid caught by seine net was used as a surrogate sentinel species in the 2016 survey. The 

study also targeted the Round Goby, as they now represents an important and integral prey item 

consumed by native piscivorous fishes, reptiles, and waterfowl (Somers et al., 2003; Steinhart et 

al., 2004; King et al., 2006; Reyjol et al., 2010). Yellow Perch was also part of the 2016 survey as it 

has been used as sentinel species within the CSS for many years. However, the 2016 study design 

differed from the approach subsequently developed for the CSS LTM Strategy (LTMS, Rambol 

Environ 2017b). This project therefore carried out additional fish collections to supplement the 

2016 data for the YOY or forage fish tissue Hg baseline monitoring component of the CSS- LTMS.  
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Figure 1. The Cornwall Area of Concern (AOC) with zones of contamination (pink outlines) and 

2016 fish collection sites. Black dots represent seining events. 

Methods 

Fish collections  

Fish collections (OMNRF License Number: 1087684) were performed at eight sampling sites 

(Figure 2) using a beach seine (9 m length, 6 mm mesh). Up to 25 Fallfish, Round Goby, and 

Yellow Perch were collected at three reference sites (Woodlands Islands, Sheek Island and 

Macdonell Island) located upstream of the AOC (Figure 2). Similarly, Yellow Perch were collected 

from three impacted sites within the AOC (Zones 1b, 1c and 2W; Figure 2) whereas additional 

Round Goby were captured from five impacted sites within the AOC (Zones 1b, 1c, 3, 2W and 2E; 

Figure 2). Fish from upstream locations (WI, MI, and SI) were collected from mid-August to the 

end of September 2017, with the exception of Fallfish from WI which were collected in October 

2017.Yellow Perch from AOC locations (Zones 1b, 1c, and 2W) were collected in September and 

October of 2017. Collections of Round Goby from the five impacted sites occurred from mid-
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August to October 2017. Upon capture, fish were euthanized by cerebral percussion and 

transported to the River Institute where they were weighed, measured, and store at -20°C until 

further manipulations.  

 

Figure 1. Fish collection sites in 2017. Black dots represent seining events. Blue outlines indicate 

upstream reference sites whereas pink outlines show AOC contaminated CSS sites.  

Composite sample preparation 

For each sampling location, whole fish of a given species were gently thawed and randomly 

assigned to one of five composite samples (each composite containing five fish). It should be 

noted that only four composite samples were collected for Fallfish from Woodlands Islands. The 

five fish of a given composite were first cut into small parts using a scalpel and then homogenized 

using a hand-mixer. A sub-sample of the homogenized composite sample was stored in 15-ml 

polypropylene tubes and stored at -20°C until further analysis. Dissection tools were scrubbed 
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under tap water, rinsed with 10% hydrochloric acid, and rinsed with distilled water between 

dissections of a given species from a given site. A table presenting the morphometric data and 

coordinates of site of capture for all fish constituting the composite samples is provided in 

Appendix A.  

Total mercury analysis 

Composite samples (n = 84) were transported to the trace metal analysis laboratory of Dr. 

Alexandre Poulain at the University of Ottawa for total and methyl Hg analyses. Composite 

samples were freeze-dried and subsequently ground to a powder using a mortar and pestle. 

Individual samples of 28 – 55 mg were used to measure THg content. Total Hg was determined 

using a Nippon Hg Analyser, NIC MA 3000 (Nippon Instruments Corporation, Osaka, Japan). MA 

3000 determines THg using the principle of thermal decomposition, gold amalgamation, and 

atomic absorption in accordance with USEPA 7473. The detection limit of the method was 0.001 

ng of THg. Certified reference materials (IAEA-407 (fish homogenate) and IAEA-436 (tuna fish 

flesh homogenate); International Atomic Energy Agency, Vienna, Austria, and DOLT-5 (dogfish 

liver); National Research Council of Canada, Ottawa, Ontario, Canada,) were analyzed at the 

beginning of the run and inserted every 10 to 20 samples subsequently. Mean ± 1SEM THg 

concentrations determined for certified materials were 237 ± 3 μg kg-1 (n = 7; IAEA-407), 4434 ± 

82 μg kg-1 (n = 3; IAEA-436), and 390 ± 2 μg kg-1 (n = 4; DOLT-5). Expected THg values for these 

certified reference materials are 222 μg kg-1 (IAEA-407), 4190 μg kg-1 (IAEA-436), and 440 μg kg-1 

(DOLT-5)); recoveries were thus 107%, 106%, and 88%, respectively, and samples were not 

corrected for recoveries. The coefficient of variation (CV) for certified reference materials and 

duplicates or triplicates of fish samples was used to assess the repeatability of analyses. The CVs 

for IAEA-407, IAEA-436, and DOLT-5 were 3.0%, 3.2%, and 1.3%, respectively. The CV for fish 

samples was 3.3% (n=2). All THg concentrations are reported on a wet weight basis. 

  



Baseline monitoring of mercury levels in fish from the St. Lawrence River at Cornwall 
 

10  

Methylmercury analysis 

Methylmercury concentrations were determined in a subset of 45 composite samples (Fallfish: n 

= 9; Round Goby: n = 12; Yellow Perch: n = 24) by capillary gas chromatograph (Hewlett Packard 

6890 series, from Agilent) coupled with cold vapor atomic fluorescence spectrometer (Tekran 

2500, Tekran Instrument Corporation) as described by Cai et al. (1997). Certified reference 

materials (IAEA-407, IAEA-436, and DOLT-5) were also analyzed. The expected concentration of 

MeHg in DOLT-5 is 119 ± 5.8 μg kg-1. Mean ± 1SEM (n=3) MeHg concentrations, % recovery, and 

CV were 116 ± 7 μg kg-1, 98%, and 5.7%, respectively. The 95% confidence interval of expected 

concentration of MeHg in IAEA-407 and IAEA-436 are 188 – 212 μg kg-1 and 3300 – 4050 μg kg-1, 

respectively. Mean ± 1SEM (n=3) MeHg concentrations, % recovery, and CV for IAEA-407 were 

214 ± 5 μg kg-1, 107%, and 3.8%, respectively, whereas for IAEA-436 the mean ± 1SEM (n=3) 

MeHg concentrations, % recovery, and CV were 3407 ± 83 μg kg-1, 94%, and 2.4%, respectively. All 

MeHg concentrations are reported on a wet weight basis. 

Calculated parameters and statistical analysis 

When only THg was analyzed for a given composite samples, mean %MeHg obtained for 

composite samples of the same species from the same location was used to obtain an estimated 

MeHg concentration for that composite. For composite samples of Round Goby collected from 

AOC contaminated sites, a mean of %MeHg for three composites from three sites (Zone 1-b, Zone 

1-C, and Zone 2 West) was used. 

To compare THg concentrations for Fallfish and Round Goby samples analysed individually in 

2016 with the 2017 composite data, ‘composites’ values were generated from the 2016 data for a 

given species at a given site by calculating the average of THg concentrations of five randomly 

selected individual values.  

Statistical analyses were performed using IBM SPSS Statistics (version 22, IBM Corporation). All 

tests used the 5% significance level. Normality and homogeneity of variance criteria were verified 

using the Shapiro-Wilk and Levene’s Median tests, respectively. When either criteria was violated, 

a non-parametric test was used.  
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For composite samples obtained for all three species from upstream non-impacted sites, 

differences in log10THg and log10 MeHg concentrations among sampling sites were examined 

using a one-way ANOVA with Holm-Sidak post-hoc test.  

Differences in THg levels in Fallfish and Round Goby between 2016 and 2017 for a given sampling 

site were examined using t-tests for independent samples.  

For composite samples of Round Goby from all sampling sites, a Kruskal-Wallis test with all 

pairwise comparisons was used to assess differences in log10THg and log10MeHg among sampling 

sites, whereas for Yellow Perch, differences in log10THg concentrations between sampling sites 

were examined using a one-way ANOVA with Holm-Sidak post-hoc test. Finally, differences in 

log10 MeHg and percentage of MeHg among sites for Yellow Perch were assessed using a one-way 

ANOVA with Holm-Sidak post-hoc test. 

Results 

Morphological characteristics  

Morphological characteristics for a given species from a given sampling site are presented in 

Table 1 whereas values for individual fish are provided in Appendix A. Overall, Fallfish collected as 

part of the present study ranged from 0.6 to 3.9 g in mass and from 41 to 82 mm in total length 

(TL), Round Goby were comprised within 0.2 – 5.5 g in mass and 23 – 75 mm in TL, and Yellow 

Perch ranged from 1.2 to 10.4 g in mass and from 55 to 98 mm in TL (Table 1). 

Upstream reference sites - THg and MeHg concentrations 

Total Hg concentration for individual composite samples are presented in Appendix B. Mean THg 

concentrations in composite samples of Fallfish from upstream reference sites ranged from 29 ng 

g-1 in samples from Sheek Island to 33 ng g-1 in samples from Woodlands Islands, and mean THg 

did not differ among sites (ANOVA: F = 1.093; df = 2,11; P = 0.369. Figure 3A). Similarly, mean THg 

concentration in composite samples of Round Goby was lowest in Sheek Island (33 ng g-1; Figure 

3A), whereas the highest THg concentrations were found in composite samples from Woodlands 

Islands (37 ng g-1; Figure 3A). Mean THg in composites of Round Goby from upstream reference 
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sites did not differ significantly among sampling sites (ANOVA: F = 1.589; df = 2,12; P = 0.244. 

Figure 3A). Mean THg concentrations in composite samples of Yellow Perch from the same 

locations ranged from 24 ng g-1 in samples from Sheek Island to 50 ng g-1 in composites from 

Woodlands Islands (Figure 3A). Contrary to the other species, mean THg in composite samples of 

Yellow Perch differed significantly among sampling sites (ANOVA: F = 31.498; df = 2,12; P < 

0.0001. Figure 3A).  

Methylmercury concentration and percentage of THg represented by MeHg for individual compo-

site samples are presented in Appendix B. Mean MeHg concentrations measured in a subset of 

Fallfish composites ranged from 13 ng g-1 in samples from Woodlands Islands to 17 ng g-1 in Mac-

donell Island, and mean MeHg did not differ among sites (ANOVA: F = 2.333; df = 2,11; P = 0.143. 

Figure 3B). These concentrations accounted for ~49% of THg measured in composite samples 

(mean [range] % MeHg = 49.9 [37.1 – 68.7]. For Round Goby, mean MeHg concentrations of com-

posite samples ranged from 15 ng g-1 in Sheek Island to 18 ng g-1 in Woodlands Islands, and mean 

MeHg did not differ among sites (ANOVA: F = 1.566; df = 2,12; P = 0.249. Figure 3B). These con-

centrations accounted for ~50% of THg measured in composite samples (mean [range] % MeHg = 

49.9 [40.5 – 59.0]. Mean MeHg concentrations measured in composite samples of Yellow Perch 

ranged from 19 ng g-1 in Sheek Island to 35 ng g-1 in Woodlands Islands, and mean MeHg differed 

among sites (ANOVA: F = 21.075; df = 2,12; P < 0.0001. Figure 3B). These concentrations 

accounted for ~72% of THg measured in composite samples (mean [range] % MeHg = 72.2 [63.9 – 

84.2]. 
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Table 1. Morphological characteristics of Fallfish, Round Goby, and Yellow Perch. n = number of individuals.  

 Fallfish Round Goby Yellow Perch 

Site n 
Mass (g) 

Mean ± 1SD 
(range) 

TL (mm) 
Mean ± 1SD 

(range) 
n 

Mass (g) 
Mean ± 1SD 

(range) 

TL (mm) 
Mean ± 1SD 

(range) 
n 

Mass (g) 
Mean ± 1SD 

(range) 

TL (mm) 
Mean ± 1SD 

(range) 

Woodlands 
Islands 

20 
2.7 ± 0.5 

(1.8 – 3.9) 
71 ± 5 

(62 – 82) 
25 

3.9 ± 0.9 
(2.4 – 5.2) 

67 ± 5 
(57 – 75) 

25 
2.7 ± 1.2 

(1.2 – 7.1) 
64 ± 7 

(56 – 89) 

Macdonell 
Island 

25 
1.1 ± 0.3 

(0.6 – 1.8) 
48 ± 5 

(41 – 56) 
25 

2.3 ± 0.9 
(0.3 – 4.2) 

56 ± 9 
(28 – 68) 

25 
5.6 ± 2.9 

(1.8 – 10.2) 
77 ± 14 

(56 – 98) 

Sheek Island 25 
1.2 ± 0.3 

(0.7 – 1.8) 
49 ± 5 

(41 – 60) 
25 

2.5 ± 1.3 
(0.3 – 4.5) 

56 ± 13 
(31 – 72) 

25 
4.1 ± 0.9 

(2.3 – 5.9) 
70 ± 4 

(60 – 78) 

CSS Zone 1-b    25 
1.7 ± 1.7 

(0.2 – 5.1) 
46 ± 16 

(28 – 72) 
25 

5.2 ± 1.0 
(3.8 – 7.3) 

81 ± 6 
(71 – 90) 

CSS Zone 1-c    25 
2.2 ± 0.7 

(0.4 – 5.5) 
53 ± 13 

(33 – 73) 
25 

7.3 ± 2.1 
(4.2 – 10.4) 

88 ± 7 
(76 – 97) 

CSS Zone 3    25 
3.5 ± 1.1 

(0.4 – 5.4) 
64 ± 8 

(34 – 75) 
   

CSS Zone 2 
West 

   25 
1.5 ± 1.2 

(0.2 – 3.6) 
45 ± 14 

(23 – 65) 
25 

5.6 ± 2.0 
(1.8 – 9.3) 

80 ± 9 
(55 – 94) 

CSS Zone 2 
East 

   25 
1.5 ± 0.9 

(0.3 – 3.7) 
49 ± 9 

(32 – 68) 
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Figure 3. Mercury concentrations (in ng g-1) in Fallfish, Round Goby, and Yellow Perch from the 

three upstream reference sites. Panel A: total mercury. Panel B: methylmercury. WI = Woodlands 

Islands. MI = Macdonell Island. SI = Sheek Island. Values are shown as model estimates of the 

mean ± 95% confidence interval. Sample size (n) was 5 composites per site, except for Fallfish 

from WI where n = 4. For a given species, bars with different letters differed significantly. 
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Round Goby from reference and AOC contaminated sites 

Overall, the highest mean THg concentration in composite samples of Round Goby was found in 

samples from Zone 1-b (90 ng g-1; Figure 4A), and mean THg in composites of Round Goby 

differed significantly among sampling sites (Kruskal-Wallis: H = 32.148; df = 7; P < 0.0001. Figure 

4A). Total Hg concentrations in composites from Zone 1-b and Zone 2-W were significantly higher 

than those of composites from Macdonell Islands and Sheek Islands, but they did not differ from 

those of composites from Woodlands Islands (Figure 4A). 

Levels of MeHg were either measured or estimated using percent THg as MeHg in all composite 

samples from five AOC contaminated sites. The highest mean MeHg concentration was found in 

composites from Zone 1-b (Figure 4B). Overall, concentrations ranged from 15 to 48 ng g-1 and 

differed significantly among sampling sites (Kruskal-Wallis: H = 32.780; df = 7; P < 0.0001. Figure 

4B). Measured MeHg concentrations accounted for ~54% of THg levels (range % MeHg = 47.3 – 

59.0). 

Yellow Perch from reference and AOC contaminated sites 

The highest mean THg concentration was found in composite samples of Yellow Perch from 

Woodlands Islands, one of the upstream reference sites (50 ng g-1, Figure 5A). Overall, mean THg 

in composite samples of Yellow Perch differed significantly among sampling sites (ANOVA: F = 

12.552; df = 5,24; P < 0.0001. Figure 5A). Total Hg concentrations of composites of Yellow Perch 

from AOC contaminated sites ranged from 37 ng g-1 to 42 and were comprised within the range of 

concentrations measured in composite samples from upstream reference sites (Figure 5A). 

Levels of MeHg were either measured or estimated using percent THg as MeHg in all composite 

samples from five AOC contaminated sites. The lowest mean MeHg concentration was found in 

composites from Sheek Island (Figure 5B). Overall, concentrations ranged from 18 to 35 ng g-1 and 

differed significantly among sampling sites (ANOVA: F = 9.567; df = 5,24; P < 0.0001. Figure 5B). 

Measured MeHg concentrations accounted for ~79% of THg levels (range % MeHg = 66.4 – 93.8). 
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Figure 4. Mercury concentrations (in ng g-1) in Round Goby from eight sampling sites. Panel A: 

total mercury. Panel B: methylmercury. WI = Woodlands Islands. MI = Macdonell Island. SI = 

Sheek Island. Z1-b = Zone 1 b. Z1-c = Zone 1 c. Z3 = Zone 3, Z2-W = Zone 2 West. Z2-E = Zone 2 

East. Values are shown as means ± 95% confidence interval. Sample size at each site was 5 

composite samples. Bars with different letters differed significantly.  
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Figure 5. Mercury concentrations (in ng g-1) in Yellow Perch from six sampling sites. Panel A: total 

mercury. Panel B: methylmercury. WI = Woodlands Islands. MI = Macdonell Island. SI = Sheek 

Island. Z1-b = Zone 1 b. Z1-c = Zone 1 c. Z2-W = Zone 2 West. Values are shown as model 

estimates of the mean ± 95% confidence interval. Sample size at each site was 5 composite 

samples. Bars with different letters differed significantly.  
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Comparison of 2016 and 2017 THg values for Fallfish and Round Goby 

Fallfish of similar TL were collected from Macdonell Island in 2016 and 2017. Mean THg 

concentration measured in Fallfish from MI in 2017 (Mean ± 1SEM: 30 ± 1 ng g-1) was significantly 

higher than values obtained in 2016 (Mean ± 1SEM: 26 ± 1 ng g-1) (t = -2.68; df = 8; P = 0.028). 

Round Goby samples from 2016 and 2017 overlapped for four sampling locations: Macdonell 

Island, Zone 1-b, Zone 1-c, and Zone 2 West. Mean THg of composite samples obtained from 

Macdonell Island in 2017 was significantly greater than values from 2016 (Figure 6: t = -4.765; df = 

8; P = 0.001), whereas mean THg of composites from Zones 1 b and c were significantly lower 

than values from 2016 (Figure 6: t = 8.102; df = 8; P < 0.0001 and t = 8.464; df = 8; P < 0.0001, 

respectively). Finally, mean THg of composite samples obtained from Zone 2 West in 2017 did not 

differ from values obtained in 2016 (Figure 6: t = -0.397; df = 8; P = 0.702). 

 

Figure 6. Total Hg concentrations (in ng g-1) in Round Goby from four sampling sites collected in 

2016 and in 2017. MI = Macdonell Island. Z1B = Zone 1-b. Z1C = Zone 1-c. Z2W = Zone 2 West. 

Values are shown as model estimates of the mean ± 1SEM. Sample size at each site was 5 

composites. Bars with a star symbol indicate that THg obtained in 2017, for a given site, differed 

significantly from those obtained in 2016.  



Baseline monitoring of mercury levels in fish from the St. Lawrence River at Cornwall 
 

19  

Discussion 

The present study carried out fish collections to address the YOY or forage fish tissue baseline 

monitoring requirements of the revised CSS-LTMS, which employs composite fish samples 

collected at three upstream reference sites to establish restoration targets. Two sites, Woodlands 

Islands and Macdonell Island were located along the Long-Sault Parkway between Long Sault and 

Ingleside, Ontario, whereas the third site, Sheek Island, was a nearby Island of the upper St. 

Lawrence River located in the vicinity of Lakeview Heights, Ontario. Young-of-the year and/or 

small-bodied specimens of three sentinel species (Fallfish, Round Goby, and Yellow Perch) were 

used to constitute composite samples.  

Baseline monitoring – Upstream reference sites 

Monitoring of Hg concentrations in YOY and forage fish was previously done using Spottail Shiner. 

Average and maximum THg concentrations measured in Spottail Shiner collected upstream of 

Zones 1-3 of 74 and 259 ng g-1, respectively, were proposed as interim goals by Rambol Environ 

(2017a). These levels exceed those measured in the present study for the three selected sentinel 

species (Figure 3A). Overall, mean (95% confidence interval) and range [minimum – maximum] of 

THg levels for all three species collected from upstream reference sites were 34.5 (31.9 – 37.0) 

and [21.1 - 56.1] ng g-1, respectively. To ensure a greater ecological and environmental relevance, 

we recommend that baseline monitoring of Hg levels in YOY and forage fish relies on multiple 

lines of evidence, such as the three sentinel species used in the present study, instead of the 

single-species monitoring performed in previous years. A multi-species approach will account for 

differences in Hg uptake and bioaccumulation resulting from differences in food sources or 

habitat use, without compromising site fidelity. Species-specific mean (95% confidence interval) 

and range [minimum – maximum] THg concentrations are presented in Table 2. 
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Table 2. Comparison of mean, 95% confidence interval lower and upper bound, minimum and 

maximum THg concentrations (ng g-1) across species for young-of-the-year fish collected 

upstream of Zones 1-3. Values for Spottail Shiner were taken from Ramboll Environ (2017a) based 

on monitoring performed in 2005 (Chow et al. 2008) and 2011 (SLRIES 2012). 

Species Mean 
95% CI 
Lower 
bound 

95% CI 
Upper 
bound 

Minimum Maximum 

Spottail Shiner 74    259 

Fallfish 30 28 33 23 37 

Round Goby 34 32 37 29 42 

Yellow Perch 38 32 45 21 56 

For both Fallfish and Round Goby, mean THg and MeHg concentrations of composite samples 

from the three upstream reference locations did not differ among sites. Interestingly, both the 

lowest (Sheek Island: 24 ng g-1) and the highest (Woodlands Islands: 50 ng g-1) mean levels of THg 

measured in composite samples of Yellow Perch were found among the three upstream reference 

locations. Moreover, mean THg and MeHg concentrations in Yellow Perch from Woodlands Island 

and Macdonell Island were significantly higher than those of Yellow Perch from Sheek Island. 

These results show that spatial heterogeneity of Hg concentrations in whole small-bodied fish can 

also be observed in un-impacted areas where Hg levels tend to be low (e.g. upstream reference 

sites).  

While the range of THg values measured for composites of Fallfish and Round Goby from 

upstream reference sites appears comparable to the range of values measured for individual fish 

of the same species collected in 2016 from Macdonell Island and Zone 5 near the Moses-Saunders 

Power Generating Station (Lapointe and Ridal, in preparation), the 2017 samples collected at 

Macdonell Island were found to be statistically higher than those from 2016 for both species.  The 

observed inter-annual differences in mean THg may indicate enhanced Hg mobilization in 2017.  

Record high water levels in spring and early summer created unusual environmental conditions in 

the Upper St Lawrence River that may have affected Hg mobilization through wetland 

inundations, sediment mobilization and landscape runoff. Considering the inter-annual variability 
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of THg levels observed for Macdonell Island, it is advisable that the long-term monitoring strategy 

includes the collection of samples from upstream reference location for each monitoring event 

instead of using data from previous years as the baseline target.  

 Methylmercury 

Methylmercury is the form of Hg readily bioavailable to living organisms, and the form of Hg that 

biomagnifies up the food chain, and it is therefore the driver of food web exposures originating in 

Hg-contaminated sediment. The desired management outcome of the CSS-LTMS pertaining to 

YOY or forage fish is to reduce exposure to MeHg within the three AOC depositional zones so 

that concentrations are consistent with those measured upstream. Because previous studies of 

Hg species in fish tissue have established that 90% or more of THg present in fish tissue is MeHg 

(e.g. Kamps et al. 1972; Phillips and Gregory 1979; Bloom et al. 1992; SLRIES 2012), monitoring of 

mercury concentrations in fish tissue has traditionally been done using THg as an approximation 

of MeHg levels. However, our results show that MeHg concentrations measured in a subset of 

composite samples from Woodlands Islands, Macdonell Island, and Sheek Island accounted for 

~50% of THg for both Fallfish and Round Goby, whereas in Yellow Perch, MeHg accounted for 

~75% of THg measured in composite samples (Figure 7). The >90% assumption is best applied to 

muscle tissue of sport fish (e.g. Yang et al. 2010) and has not been firmly established for whole 

fish or all species of YOY fish. Indeed, reports of percent THg as MeHg in whole fish vary greatly. 

In Lake Trout (Salvelinus namaychus) from Cayuga Lake, Ithaca, NY, USA, percent of THg as MeHg 

ranged from 30.8 to 101.9%, and percent MeHg tended to increase with fish age (ranging from 1 

to 12 years) (Bache et al. 1971). Similarly, Mason et al. (2000) showed that MeHg concentration 

and %Hg as MeHg in fish from two streams in western Maryland varied with species, age class 

and season, and these variations were largely attributed to differences in feeding behaviour, as 

shifts in diet that occur through seasons and life stages. Busch (1983) reported percent THg as 

MeHg in whole Spottail Shiner, Yellow Perch, Walleye, and Freshwater Drum that ranged from 15 

to 100%, but values reported for YOY were comprised between 15 and 33%. In whole YOY Yellow 

Perch from lakes located in the vicinity of Sudbury, Ontario, Canada, percent MeHg ranged from 

32 to 79% (Belzile et al. 2006).  
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Figure 7. Percent methylmercury measured in Round Goby (Grey boxes and black lines) and 

Yellow Perch (Yellow boxes) from the three upstream reference sites as well as three AOC 

contaminated sites. WI = Woodlands Islands. MI = Macdonell Island. SI = Sheek Island. Z1B = Zone 

1-b. Z1C = Zone 1-c. Z2W = Zone 2 West. 

We measured a significant effect of sampling site on the percentage of MeHg in Yellow Perch 

(ANOVA: F = 3.48; df = 5,24; P = 0.022), but only MI and Z2-W differed significantly from one 

another (P = 0.037). While percent MeHg was greater in Yellow Perch than the two other 

species, it was considerably lower than the aforementioned expectation of ~90%. Moreover, in 

the 2016 study, MeHg concentrations measured in Fallfish and Round Goby from Macdonell 

Island accounted for ~80% of THg measured in whole fish samples for both species (Lapointe and 

Ridal, In preparation).  

Overall, percent THg as MeHg measured in 2016 and 2017 were consistent with previous reports 

for whole YOY fish (e.g. Bache et al. 1971; Busch 1983; Belzile et al. 2006). We do not know what 
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caused the inter-annual differences in the percent of MeHg. However, it is possible that 

differences between species may reflect differences in habitats and stomach load of ingested 

sediments. Differences in MeHg concentrations between YOY Brook Trout (Salvelinus fontinalis) 

and Atlantic Salmon (Salmo salar) with similar foraging habits were attributed to differences in 

prey type (aquatic vs terrestrial resources) as well as growth dilution (Ward et al. 2012). Further 

investigation is required to characterize the factors affecting percent MeHg in YOY species 

collected in this study.  Nevertheless, considering that percent MeHg in YOY fish sampled in 

2016 and 2017 were below the expected 90%, it is advisable that future YOY monitoring 

continue to measure both THg and MeHg body burden concentrations to characterize the 

amount of Hg exposure, and that baseline goals are also defined based on MeHg 

concentrations. 

Spatial comparisons 

For Round Goby, composite samples were also obtained from five sites located within the AOC 

depositional areas. Mean THg levels in composites from Zone 1-b and Zone 2 West exceeded 

those of two upstream locations, whereas mean THg concentration for Zone 2 East compared 

with levels from reference sites (Figure 4A). On a MeHg basis, concentrations measured in 

composites from Zone 1-b were significantly higher than those obtained for upstream reference 

locations, and concentrations found in Zone 2 West exceeded those of fish from Sheek Island 

(Figure 4B). These results show that levels of THg and MeHg in composite samples of Round Goby 

collected in some of the AOC contaminated areas still exceed those measured in composites from 

upstream reference location, suggesting (1) that recovery is not yet achieved and (2) that the 

spatial heterogeneity of THg concentrations observed in surface sediments is reflected in YOY and 

forage fish tissue.  

Altogether, the spatial trends in mean THg in Yellow Perch composites shown in Figure 5A either 

suggest that levels found in composites samples from AOC contaminated sites have reached 

similar THg levels as those from upstream reference sites (if all three upstream reference sites are 

considered to reflect ‘reference’ levels), or it suggest that conditions in 2017 led to an increased 

mobilization of Hg and/or production of MeHg in the vicinity of Woodlands and Macdonell 
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Islands. The latter hypothesis is supported by the increase in mean THg levels in Fallfish and 

Round Goby from Macdonell Island measured in 2017 in comparison to 2016, as well as by the 

fact that only THg and MeHg concentrations measured in Sheek Island were significantly lower 

than those measured at the other five locations (Figure 5A,B). 

Conclusions 

Composite samples of YOY and/or small-bodied Fallfish, Round Goby and Yellow Perch were 

collected from three upstream reference sites to monitor baseline levels of THg in fish tissue to 

establish goals as part of the CSS-LTMS. The low percentage (~49 – 72%) of THg as MeHg 

measured in fish from upstream reference locations raises questions regarding Hg methylation 

processes. These results indicate that in whole YOY and small forage fish used in the present 

study, the expectation that MeHg represents most of the THg in fish tissue is not verified. The 

results of the present study also show inter-annual variations in THg for two species, warranting 

the collection of fish from upstream reference locations as part of every monitoring event as 

baseline levels instead of establishing set baseline MoNR goals. Finally, our results show that the 

spatial heterogeneity in Hg levels measured in surface sediment is also reflected in fish tissue. 

Recommendations 

 Considering that different fish species may use different types of habitats and prey on 

different food sources, we recommend that the CSS-LTMS includes more than one sentinel 

species, and that species-specific lines of evidence be used. 

 Considering that MeHg is the form of Hg readily bioavailable to living organisms, that the 

long-term monitoring objective is to reduce exposure to MeHg within the three zones so that 

they are consistent with upstream reference concentrations, and that the expectation that 

>90% of THg is found as MeHg in fish was not met, we recommend that monitoring of Hg 

levels in YOY and forage fish as part of the CSS-LTMS includes the quantification of both THg 

and MeHg. 

 Considering the spatial and temporal variability inherent to MoNR, we also recommend that 
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during future monitoring events, Hg levels in fish tissue from AOC contaminated areas are 

compared against baseline values from upstream reference sites collected the same year, 

and that sites are not ‘pooled’ into categories (i.e. upstream vs Zone 1, Zone 2, Zone 3) to 

ensure the best spatial resolution possible to capture the spatial heterogeneity of Hg 

contamination within the AOC.  
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Appendix A 

Morphometric data and coordinates of site of capture  

for all fish constituting the composite samples 
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Date Site # Species Fish ID X_Easting Y_Northing Mass (g) SL (mm) FL (mm) TL (mm) Composite # 

24/08/2017 WI 108 YP HG17-WI-YP-108 504274 4982082 1.677 47 53 56 1 

12/09/2017 WI 332 YP HG17-WI-YP-332 504716 4982608 1.809 48 55 58 1 

20/09/2017 WI 365 YP HG17-WI-YP-365 504717 4982700 2.167 51 58 61 1 

07/09/2017 WI 284 YP HG17-MI-YP-284 504702 4982338 3.298 55 62 67 1 

12/09/2017 WI 335 YP HG17-WI-YP-335   4985884 3.119 59 68 72 1 

12/09/2017 WI 330 YP HG17-WI-YP-330 504714 4982600 1.918 47 53 57 2 

20/09/2017 WI 362 YP HG17-WI-YP-362 504710 4982605 2.173 52 58 60 2 

12/09/2017 WI 333 YP HG17-WI-YP-333 504716 4982608 1.974 50 57 61 2 

20/09/2017 WI 361 YP HG17-WI-YP-361 504710 4982605 2.864 55 62 64 2 

12/09/2017 WI 328 YP HG17-WI-YP-328 504714 4982600 3.04 54 62 65 2 

20/09/2017 WI 366 YP HG17-WI-YP-366 504722 4982794 1.791 48 55 58 3 

20/09/2017 WI 364 YP HG17-WI-YP-364 504713 4982666 2.345 52 59 63 3 

12/09/2017 WI 334 YP HG17-WI-YP-334 504716 4982608 2.21 52 60 64 3 

12/09/2017 WI 329 YP HG17-WI-YP-329 504714 4982600 3.103 56 65 68 3 

07/09/2017 WI 289 YP HG17-WI-YP-289 504700 4982347 4.093 62 70 74 3 

20/09/2017 WI 363 YP HG17-WI-YP-363 504710 4982605 1.193 48 54 57 4 

20/09/2017 WI 359 YP HG17-WI-YP-359 504708 4982593 2.283 52 59 62 4 

12/09/2017 WI 323 YP HG17-WI-YP-323 504682 4982277 2.525 52 61 64 4 

12/09/2017 WI 326 YP HG17-WI-YP-326 504715 4982582 2.157 53 60 64 4 

12/09/2017 WI 331 YP HG17-WI-YP-331 504714 4982600 2.531 53 61 65 4 

12/09/2017 WI 327 YP HG17-WI-YP-327 504711 4982606 2.132 49 56 59 5 

20/09/2017 WI 360 YP HG17-WI-YP-360 504710 4982605 2.529 53 60 62 5 

12/09/2017 WI 324 YP HG17-WI-YP-324 504663 4982228 3.961 57 56 69 5 

12/09/2017 WI 325 YP HG17-WI-YP-325 504663 4982228 4.036 60 69 72 5 

07/09/2017 WI 283 YP HG17-WI-YP-283 504698 4982353 7.127 74 85 89 5 

24/08/2017 WI 091 RG HG17-WI-RG-091 504283 4982077 3.001 50  61 6 

24/08/2017 WI 090 RG HG17-WI-RG-090 504283 4982077 4.464 58  70 6 

24/08/2017 WI 092 RG HG17-WI-RG-092 504283 4982077 4.763 58  70 6 

24/08/2017 WI 095 RG HG17-WI-RG-095 504283 4982077 4.546 59  71 6 

24/08/2017 WI 096 RG HG17-WI-RG-096 504283 4982077 5.21 61   75 6 
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Date Site # Species Fish ID X_Easting Y_Northing Mass (g) SL (mm) FL (mm) TL (mm) Composite # 

24/08/2017 WI 087 RG HG17-WI-RG-087 504283 4982077 3.28 52  63 7 

24/08/2017 WI 088 RG HG17-WI-RG-088 504283 4982077 3.36 52  64 7 

24/08/2017 WI 094 RG HG17-WI-RG-094 504283 4982077 4.484 58  70 7 

24/08/2017 WI 080 RG HG17-WI-RG-080 504274 4982082 4.102 57  72 7 

24/08/2017 WI 097 RG HG17-WI-RG-097 504306 4982071 4.792 59   72 7 

24/08/2017 WI 103 RG HG17-WI-RG-103 504306 4982071 2.488 48  57 8 

24/08/2017 WI 098 RG HG17-WI-RG-098 504306 4982071 3.185 51  64 8 

24/08/2017 WI 081 RG HG17-WI-RG-081 504283 4982077 4.275 56  69 8 

24/08/2017 WI 089 RG HG17-WI-RG-089 504283 4982077 4.391 58  70 8 

24/08/2017 WI 100 RG HG17-WI-RG-100 504306 4982071 4.545 58   71 8 

24/08/2017 WI 093 RG HG17-WI-RG-093 504283 4982077 2.912 50  61 9 

24/08/2017 WI 101 RG HG17-WI-RG-101 504306 4982071 2.913 50  61 9 

24/08/2017 WI 099 RG HG17-WI-RG-099 504306 4982071 3.643 56  67 9 

24/08/2017 WI 086 RG HG17-WI-RG-086 504283 4982077 4.284 56  69 9 

24/08/2017 WI 083 RG HG17-WI-RG-083 504283 4982077 4.357 58   70 9 

24/08/2017 WI 082 RG HG17-WI-RG-082 504283 4982077 2.433 42  57 10 

24/08/2017 WI 102 RG HG17-WI-RG-102 504306 4982071 2.676 48  60 10 

24/08/2017 WI 084 RG HG17-WI-RG-084 504283 4982077 4.982 59  72 10 

24/08/2017 WI 085 RG HG17-WI-RG-085 504283 4982077 4.005 57  72 10 

24/08/2017 WI 079 RG HG17-WI-RG-079 504251 4982079 5.04 58   74 10 

25/10/2017 WI 535 FF HG17-WI-FF-535 505109 4982129 1.799 52 57 62 11 

25/10/2017 WI 526 FF HG17-WI-FF-526 505104 4982127 2.125 54 59 66 11 

25/10/2017 WI 532 FF HG17-WI-FF-532 505120 4982152 2.175 55 60 66 11 

25/10/2017 WI 530 FF HG17-WI-FF-530 505105 4982099 2.608 58 64 70 11 

26/10/2017 WI 538 FF HG17-WI-FF-538 505108 4982117 3.868 68 74 82 11 

18/10/2017 WI 465 FF HG17-WI-FF-465 503681 4982030 1.79 52 56 63 12 

25/10/2017 WI 523 FF HG17-WI-FF-523 505114 4982174 2.392 54 61 67 12 

25/10/2017 WI 531 FF HG17-WI-FF-531 505120 4982152 2.454 57 63 70 12 

26/10/2017 WI 536 FF HG17-WI-FF-536 505113 4982151 2.977 59 65 72 12 

25/10/2017 WI 525 FF HG17-WI-FF-525 505107 4982140 3.344 63 70 77 12 
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Date Site # Species Fish ID X_Easting Y_Northing Mass (g) SL (mm) FL (mm) TL (mm) Composite # 

25/10/2017 WI 524 FF HG17-WI-FF-524 505114 4982149 2.392 55 61 67 13 

25/10/2017 WI 529 FF HG17-WI-FF-529 505104 4982127 2.478 56 62 69 13 

25/10/2017 WI 527 FF HG17-WI-FF-527 505104 4982127 2.66 57 63 70 13 

25/10/2017 WI 534 FF HG17-WI-FF-534 505109 4982129 2.506 58 63 70 13 

25/10/2017 WI 522 FF HG17-WI-FF-522 505114 4982174 3.16 61 68 75 13 

25/10/2017 WI 528 FF HG17-WI-FF-528 505104 4982127 2.847 59 65 72 14 

25/10/2017 WI 533 FF HG17-WI-FF-533 505115 4982143 2.752 60 66 73 14 

26/10/2017 WI 539 FF HG17-WI-FF-539 505121 4982153 2.878 60 66 73 14 

18/10/2017 WI 464 FF HG17-WI-FF-464 503681 4982030 3.07 60 66 73 14 

26/10/2017 WI 537 FF HG17-WI-FF-537 505109 4982131 3.461 64 71 79 14 

24/08/2017 MI 104 YP HG17-MI-YP-104 507906 4982729 1.831 45 53 56 16 

07/09/2017 MI 265 YP HG17-MI-YP-265 507895 4982724 3.615 57 64 68 16 

07/09/2017 MI 260 YP HG17-MI-YP-260 507906 4982728 8.075 70 82 88 16 

07/09/2017 MI 272 YP HG17-MI-YP-272 507880 4982727 9.6 79 87 92 16 

07/09/2017 MI 262 YP HG17-MI-YP-262 507895 4982724 10.16 79 89 94 16 

07/09/2017 MI 274 YP HG17-MI-YP-274 507880 4982727 2.998 55 61 65 17 

07/09/2017 MI 263 YP HG17-MI-YP-263 507895 4982724 8.005 75 84 89 17 

07/09/2017 MI 277 YP HG17-MI-YP-277 507870 4982728 8.634 76 85 93 17 

07/09/2017 MI 275 YP HG17-MI-YP-275 507882 4982739 10.162 81 92 96 17 

07/09/2017 MI 276 YP HG17-MI-YP-276 507870 4982728 9.368 81 91 96 17 

24/08/2017 MI 106 YP HG17-MI-YP-106 507896 4982735 2.858 52 61 65 18 

07/09/2017 MI 270 YP HG17-MI-YP-270 507888 4982729 3.066 55 62 65 18 

07/09/2017 MI 273 YP HG17-MI-YP-273 507880 4982727 3.811 58 66 69 18 

07/09/2017 MI 261 YP HG17-MI-YP-261 507906 4982728 4.36 59 68 73 18 

07/09/2017 MI 279 YP HG17-MI-YP-279 507860 4982727 9.507 82 92 98 18 

24/08/2017 MI 107 YP HG17-MI-YP-107 507870 4982753 3.025 55 64 67 19 

07/09/2017 MI 268 YP HG17-MI-YP-268 507888 4982729 3.822 59 68 71 19 

07/09/2017 MI 266 YP HG17-MI-YP-266 507888 4982729 4.791 62 70 73 19 

20/09/2017 MI 367 YP HG17-MI-YP-367 507894 4982745 4.647 66 74 78 19 

07/09/2017 MI 264 YP HG17-MI-YP-264 507895 4982724 5.508 67 76 80 19 



Baseline monitoring of mercury levels in fish from the St. Lawrence River at Cornwall 
 

32  

Date Site # Species Fish ID X_Easting Y_Northing Mass (g) SL (mm) FL (mm) TL (mm) Composite # 

24/08/2017 MI 105 YP HG17-MI-YP-105 507896 4982735 1.891 46 53 56 20 

07/09/2017 MI 269 YP HG17-MI-YP-269 507888 4982729 2.68 52 59 62 20 

07/09/2017 MI 267 YP HG17-MI-YP-267 507888 4982729 3.102 55 62 65 20 

20/09/2017 MI 368 YP HG17-MI-YP-368 507879 4982748 4.914 65 73 78 20 

07/09/2017 MI 271 YP HG17-MI-YP-271 507880 4982727 9.103 88 92 95 20 

22/08/2017 MI 069 RG HG17-MI-RG-069 507889 4982733 1.455 40  50 21 

22/08/2017 MI 067 RG HG17-MI-RG-067 507889 4982733 1.811 43  54 21 

22/08/2017 MI 059 RG HG17-MI-RG-059 507902 4982732 2.054 46  55 21 

22/08/2017 MI 043 RG HG17-MI-RG-043 508858 4983392 2.786 47  59 21 

22/08/2017 MI 047 RG HG17-MI-RG-047 508858 4983392 3.536 52   64 21 

22/08/2017 MI 057 RG HG17-MI-RG-057 507909 4982731 1.333 39  50 22 

22/08/2017 MI 060 RG HG17-MI-RG-060 507902 4982732 2.179 43  55 22 

22/08/2017 MI 068 RG HG17-MI-RG-068 507889 4982733 1.853 45  55 22 

22/08/2017 MI 039 RG HG17-MI-RG-039 508840 4983420 3.379 54  65 22 

22/08/2017 MI 045 RG HG17-MI-RG-045 508858 4983392 4.237 54   68 22 

22/08/2017 MI 064 RG HG17-MI-RG-064 507902 4982732 0.964 34  42 23 

22/08/2017 MI 040 RG HG17-MI-RG-040 508840 4983420 2.051 45  55 23 

22/08/2017 MI 042 RG HG17-MI-RG-042 508840 4983420 2.462 48  60 23 

22/08/2017 MI 048 RG HG17-MI-RG-048 508858 4983392 3.131 51  65 23 

22/08/2017 MI 056 RG HG17-MI-RG-056 507909 4982731 3.653 52   65 23 

22/08/2017 MI 062 RG HG17-MI-RG-062 507902 4982732 2.004 44  55 24 

22/08/2017 MI 055 RG HG17-MI-RG-055 507909 4982731 2.315 46  57 24 

22/08/2017 MI 063 RG HG17-MI-RG-063 507902 4982732 2.469 48  59 24 

22/08/2017 MI 065 RG HG17-MI-RG-065 507902 4982732 2.41 48  60 24 

22/08/2017 MI 058 RG HG17-MI-RG-058 507909 4982731 3.566 52   65 24 

22/08/2017 MI 046 RG HG17-MI-RG-046 508858 4983392 0.259 21  28 25 

22/08/2017 MI 066 RG HG17-MI-RG-066 507889 4982733 1.234 38  46 25 

22/08/2017 MI 061 RG HG17-MI-RG-061 507902 4982732 1.652 41  52 25 

22/08/2017 MI 044 RG HG17-MI-RG-044 508858 4983392 1.928 43  53 25 

22/08/2017 MI 041 RG HG17-MI-RG-041 508840 4983420 2.981 54   65 25 
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Date Site # Species Fish ID X_Easting Y_Northing Mass (g) SL (mm) FL (mm) TL (mm) Composite # 

22/08/2017 MI 033 FF HG17-MI-FF-033 508839 4983435 0.628 33 35 41 26 

22/08/2017 MI 073 FF HG17-MI-FF-073 507889 4982733 0.982 38 44 48 26 

22/08/2017 MI 038 FF HG17-MI-FF-038 508840 4983420 1.238 41 46 51 26 

22/08/2017 MI 074 FF HG17-MI-FF-074 507889 4982733 1.35 43 49 54 26 

22/08/2017 MI 053 FF HG17-MI-FF-053 508858 4983392 1.668 44 51 56 26 

22/08/2017 MI 075 FF HG17-MI-FF-075 507889 4982733 0.839 36 42 45 27 

22/08/2017 MI 049 FF HG17-MI-FF-049 508858 4983392 1.143 39 46 50 27 

22/08/2017 MI 070 FF HG17-MI-FF-070 507889 4982733 1.777 40 46 51 27 

22/08/2017 MI 035 FF HG17-MI-FF-035 508839 4983428 1.295 44 49 53 27 

22/08/2017 MI 031 FF HG17-MI-FF-031 508839 4983435 1.254 45 48 55 27 

22/08/2017 MI 030 FF HG17-MI-FF-030 508839 4983435 0.63 34 37 41 28 

22/08/2017 MI 034 FF HG17-MI-FF-034 508839 4983435 0.638 33 37 41 28 

22/08/2017 MI 071 FF HG17-MI-FF-071 507889 4982733 0.795 34 39 43 28 

22/08/2017 MI 077 FF HG17-MI-FF-077 507866 4982735 0.787 35 41 45 28 

22/08/2017 MI 029 FF HG17-MI-FF-029 508839 4983435 0.773 37 45 46 28 

22/08/2017 MI 052 FF HG17-MI-FF-052 508858 4983392 0.718 34 39 44 29 

22/08/2017 MI 051 FF HG17-MI-FF-051 508858 4983392 1.163 39 46 50 29 

22/08/2017 MI 050 FF HG17-MI-FF-050 508858 4983392 1.364 41 48* 53 29 

22/08/2017 MI 054 FF HG17-MI-FF-054 508858 4983392 1.36 41 47 53 29 

22/08/2017 MI 036 FF HG17-MI-FF-036 508839 4983428 1.434 44 49 54 29 

22/08/2017 MI 032 FF HG17-MI-FF-032 508839 4983435 0.644 34 38 42 30 

22/08/2017 MI 072 FF HG17-MI-FF-072 507889 4982733 0.852 36 41 46 30 

22/08/2017 MI 076 FF HG17-MI-FF-076 507866 4982735 0.923 37 42 46 30 

22/08/2017 MI 028 FF HG17-MI-FF-028 508839 4983435 1.086 41 46 50 30 

22/08/2017 MI 037 FF HG17-MI-FF-037 508839 4983428 1.222 43 47 52 30 

28/08/2017 SI 109 YP HG17-SI-YP-109 511700 4984197 3.225 55 62 66 31 

11/09/2017 SI 293 YP HG17-SI-YP-293 511690 4984196 2.345 58 64 67 31 

11/09/2017 SI 314 YP HG17-SI-YP-314 511669 4984154 3.663 55 65 67 31 

11/09/2017 SI 321 YP HG17-SI-YP-321 511663 4984153 4.647 64 72 75 31 

11/09/2017 SI 316 YP HG17-SI-YP-316 511669 4984154 5.243 66 74 76 31 
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Date Site # Species Fish ID X_Easting Y_Northing Mass (g) SL (mm) FL (mm) TL (mm) Composite # 

21/08/2017 SI 026 YP HG17-SI-YP-026 511891 498440 2.442 48 58 60 32 

11/09/2017 SI 305 YP HG17-SI-YP-305 511683 4984174 3.202 55 62 65 32 

11/09/2017 SI 310 YP HG17-SI-YP-310 511678 4984163 3.139 54 62 65 32 

11/09/2017 SI 299 YP HG17-SI-YP-299 511697 4984176 4.243 55 65 69 32 

27/09/2017 SI 428 YP HG17-SI-YP-428 511732 4984247 3.966 59 67 70 32 

29/08/2017 SI 110 YP HG17-SI-YP-110 511685 4984168 3.254 56 62 65 33 

11/09/2017 SI 317 YP HG17-SI-YP-317 511669 4984154 3.534 57 64 68 33 

11/09/2017 SI 312 YP HG17-SI-YP-312 511678 4984163 3.455 58 66 69 33 

11/09/2017 SI 319 YP HG17-SI-YP-319 511669 4984154 4.727 60 69 72 33 

11/09/2017 SI 302 YP HG17-SI-YP-302 511683 4984174 4.564 60 70 73 33 

11/09/2017 SI 304 YP HG17-SI-YP-304 511683 4984174 4.294 55 64 67 34 

11/09/2017 SI 309 YP HG17-SI-YP-309 511678 4984163 3.598 58 66 70 34 

11/09/2017 SI 311 YP HG17-SI-YP-311 511678 4984163 4.167 59 67 70 34 

11/09/2017 SI 315 YP HG17-SI-YP-315 511669 4984154 4.761 62 69 73 34 

11/09/2017 SI 300 YP HG17-SI-YP-300 511686 4984185 5.319 65 73 76 34 

11/09/2017 SI 308 YP HG17-SI-YP-308 511678 4984163 4.416 60 68 70 35 

11/09/2017 SI 313 YP HG17-SI-YP-313 511678 4984163 4.118 62 70 72 35 

11/09/2017 SI 301 YP HG17-SI-YP-301 511686 4984185 5.879 63 72 75 35 

27/09/2017 SI 427 YP HG17-SI-YP-427 511732 4984247 5.05 65 73 75 35 

11/09/2017 SI 318 YP HG17-SI-YP-318 511669 4984154 5.399 65 73 78 35 

21/08/2017 SI 001 RG HG17-SI-RG-001 511891 4984400 2.182 45  57 36 

21/08/2017 SI 022 RG HG17-SI-RG-022 511900 4984400 3.28 48  62 36 

21/08/2017 SI 005 RG HG17-SI-RG-005 511891 4984400 2.999 49  63 36 

21/08/2017 SI 017 RG HG17-SI-RG-017 511871 4984448 4.444 56  69 36 

21/08/2017 SI 015 RG HG17-SI-RG-015 511871 4984448 4.469 57   72 36 

21/08/2017 SI 020 RG HG17-SI-RG-020 511900 4984400 0.348 25  31 37 

21/08/2017 SI 024 RG HG17-SI-RG-024 511900 4984400 2.426 47  59 37 

21/08/2017 SI 007 RG HG17-SI-RG-007 511891 4984400 2.72 48  60 37 

21/08/2017 SI 004 RG HG17-SI-RG-004 511891 4984400 3.388 48  62 37 

21/08/2017 SI 023 RG HG17-SI-RG-023 511900 4984400 2.991 50   63 37 
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21/08/2017 SI 010 RG HG17-SI-RG-010 511891 4984400 1.415 38  49 38 

21/08/2017 SI 019 RG HG17-SI-RG-019 511871 4984448 2.177 44  55 38 

21/08/2017 SI 014 RG HG17-SI-RG-014 511871 4984448 2.584 47  58 38 

21/08/2017 SI 018 RG HG17-SI-RG-018 511871 4984448 3.015 50  62 38 

21/08/2017 SI 006 RG HG17-SI-RG-006 511891 4984400 3.579 54   66 38 

21/08/2017 SI 012 RG HG17-SI-RG-012 511891 4984400 0.522 28  36 39 

21/08/2017 SI 009 RG HG17-SI-RG-009 511891 4984400 0.601 30  38 39 

21/08/2017 SI 025 RG HG17-SI-RG-025 511900 4984400 2.627 48  60 39 

21/08/2017 SI 003 RG HG17-SI-RG-003 511891 4984400 3.146 51  64 39 

21/08/2017 SI 002 RG HG17-SI-RG-002 511891 4984400 4.238 56   69 39 

21/08/2017 SI 008 RG HG17-SI-RG-008 511891 4984400 0.459 28  34 40 

21/08/2017 SI 013 RG HG17-SI-RG-013 511871 4984448 0.43 26  34 40 

21/08/2017 SI 011 RG HG17-SI-RG-011 511891 4984400 0.686 31  40 40 

21/08/2017 SI 021 RG HG17-SI-RG-021 511900 4984400 3.008 48  62 40 

21/08/2017 SI 016 RG HG17-SI-RG-016 511871 4984448 3.93 57   70 40 

29/08/2017 SI 118 FF HG17-SI-FF-118 511653 4984125 0.686 36 38 41 41 

29/08/2017 SI 112 FF HG17-SI-FF-112 511681 4984148 0.861 37 42 45 41 

29/08/2017 SI 117 FF HG17-SI-FF-117 511653 4984125 0.928 39 42 46 41 

21/08/2017 SI 027 FF HG17-SI-FF-027 511891 498440 1.146 39 46 50 41 

11/09/2017 SI 298 FF HG17-SI-FF-298 511697 4984176 1.58 44 50 53 41 

29/08/2017 SI 116 FF HG17-SI-FF-116 511653 4984125 0.869 37 40 44 42 

11/09/2017 SI 307 FF HG17-SI-FF-307 511678 4984163 0.838 37 43 45 42 

29/08/2017 SI 120 FF HG17-SI-FF-120 511653 4984125 0.968 38 43 46 42 

29/08/2017 SI 115 FF HG17-SI-FF-115 511653 4984125 1.345 44 48 51 42 

11/09/2017 SI 320 FF HG17-SI-FF-320 511663 4984153 1.792 50 57 60 42 

29/08/2017 SI 122 FF HG17-SI-FF-122 511653 4984125 0.943 39 43 47 43 

11/09/2017 SI 295 FF HG17-SI-FF-295 511697 4984176 1.103 38 43 47 43 

29/08/2017 SI 114 FF HG17-SI-FF-114 511653 4984125 0.983 40 43 49 43 

11/09/2017 SI 306 FF HG17-SI-FF-306 511678 4984163 1.24 41 48 51 43 

27/09/2017 SI 429 FF HG17-SI-FF-429 511649 4984125 1.616 48 53 57 43 
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29/08/2017 SI 111 FF HG17-SI-FF-111 511681 4984161 0.879 38 41 44 44 

29/08/2017 SI 121 FF HG17-SI-FF-121 511653 4984125 0.871 38 41 44 44 

11/09/2017 SI 297 FF HG17-SI-FF-297 511697 4984176 1.395 43 48 52 44 

29/08/2017 SI 119 FF HG17-SI-FF-119 511653 4984125 1.348 44 48 53 44 

27/09/2017 SI 430 FF HG17-SI-FF-430 511649 4984125 1.625 45 50 56 44 

29/08/2017 SI 113 FF HG17-SI-FF-113 511653 4984125 0.893 39 42 47 45 

29/08/2017 SI 123 FF HG17-SI-FF-123 511653 4984125 1.055 40 44 48 45 

11/09/2017 SI 294 FF HG17-SI-FF-294 511697 4984176 1.275 40 45 48 45 

11/09/2017 SI 296 FF HG17-SI-FF-296 511697 4984176 1.244 41 47 50 45 

11/09/2017 SI 292 FF HG17-SI-FF-292 511690 4984196 1.604 48 52 55 45 

19/10/2017 Z1B 471 YP HG17-Z1B-YP-471 520975 4984203 3.759 57 68 71 46 

19/10/2017 Z1B 486 YP HG17-Z1B-YP-486 520975 4984203 5.281 65 75 80 46 

19/10/2017 Z1B 476 YP HG17-Z1B-YP-476 520975 4984203 5.597 68 80 85 46 

17/10/2017 Z1B 448 YP HG17-Z1B-YP-448 520979 4984210 6.061 74 81 86 46 

19/10/2017 Z1B 475 YP HG17-Z1B-YP-475 520975 4984203 6.043 70 83 87 46 

19/10/2017 Z1B 480 YP HG17-Z1B-YP-480 520975 4984203 3.925 57 68 71 47 

19/10/2017 Z1B 489 YP HG17-Z1B-YP-489 520975 4984203 4.808 65 75 80 47 

19/10/2017 Z1B 488 YP HG17-Z1B-YP-488 520975 4984203 6.223 68 81 85 47 

19/10/2017 Z1B 484 YP HG17-Z1B-YP-484 520975 4984203 5.737 69 83 86 47 

19/10/2017 Z1B 470 YP HG17-Z1B-YP-470 520975 4984203 7.341 72 86 90 47 

19/10/2017 Z1B 469 YP HG17-Z1B-YP-469 520975 4984203 3.915 58 69 73 48 

19/10/2017 Z1B 477 YP HG17-Z1B-YP-477 520975 4984203 5.029 63 75 79 48 

19/10/2017 Z1B 472 YP HG17-Z1B-YP-472 520975 4984203 5.198 66 78 81 48 

19/10/2017 Z1B 487 YP HG17-Z1B-YP-487 520975 4984203 5.661 68 80 84 48 

19/10/2017 Z1B 479 YP HG17-Z1B-YP-479 520975 4984203 5.639 67 80 84 48 

19/10/2017 Z1B 474 YP HG17-Z1B-YP-474 520975 4984203 3.755 60 70 74 49 

19/10/2017 Z1B 491 YP HG17-Z1B-YP-491 520975 4984203 3.964 62 73 76 49 

19/10/2017 Z1B 468 YP HG17-Z1B-YP-468 520975 4984203 3.809 63 73 76 49 

19/10/2017 Z1B 485 YP HG17-Z1B-YP-485 520975 4984203 6.008 72 83 87 49 

19/10/2017 Z1B 481 YP HG17-Z1B-YP-481 520975 4984203 6.864 73 86 90 49 
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19/10/2017 Z1B 482 YP HG17-Z1B-YP-482 520975 4984203 3.929 61 71 75 50 

19/10/2017 Z1B 490 YP HG17-Z1B-YP-490 520975 4984203 4.88 67 78 82 50 

19/10/2017 Z1B 473 YP HG17-Z1B-YP-473 520975 4984203 5.62 67 79 83 50 

19/10/2017 Z1B 478 YP HG17-Z1B-YP-478 520975 4984203 6.321 68 80 85 50 

19/10/2017 Z1B 483 YP HG17-Z1B-YP-483 520975 4984203 5.466 68 80 85 50 

23/10/2017 Z1C 517 YP HG17-Z1C-YP-517 521339 4984439 5.262 71 79 82 51 

19/10/2017 Z1C 501 YP HG17-Z1C-YP-501 521307 4984420 5.967 71 79 84 51 

19/10/2017 Z1C 503 YP HG17-Z1C-YP-503 521320 4984430 5.983 73 83 87 51 

19/10/2017 Z1C 466 YP HG17-Z1C-YP-466 521331 4984432 6.963 71 83 89 51 

19/10/2017 Z1C 499 YP HG17-Z1C-YP-499 521319 4984427 6.835 75 84 89 51 

26/09/2017 Z1C 422 YP HG17-Z1C-YP-422 521245 4984397 5.601 67 75 79 52 

19/10/2017 Z1C 467 YP HG17-Z1C-YP-467 521320 4984418 5.126 65 77 81 52 

23/10/2017 Z1C 516 YP HG17-Z1C-YP-516 521339 4984439 5.074 70 79 83 52 

19/10/2017 Z1C 502 YP HG17-Z1C-YP-502 521332 4984433 6.818 70 81 85 52 

20/10/2017 Z1C 513 YP HG17-Z1C-YP-513     10.444 80 92 96 52 

19/09/2017 Z1C 357 YP HG17-Z1C-YP-357 521110 4984286 5.27 65 74 76 53 

23/10/2017 Z1C 518 YP HG17-Z1C-YP-518 521339 4984439 4.209 65 73 76 53 

23/10/2017 Z1C 521 YP HG17-Z1C-YP-521 521339 4984439 4.502 70 78 80 53 

20/10/2017 Z1C 509 YP HG17-Z1C-YP-509   8.713 82 90 92 53 

23/10/2017 Z1C 520 YP HG17-Z1C-YP-520 521339 4984439 8.554 84 93 97 53 

19/10/2017 Z1C 500 YP HG17-Z1C-YP-500 521307 4984420 6.191 74 83 87 54 

20/10/2017 Z1C 506 YP HG17-Z1C-YP-506   9.471 80 90 95 54 

20/10/2017 Z1C 511 YP HG17-Z1C-YP-511   10.103 79 90 95 54 

23/10/2017 Z1C 519 YP HG17-Z1C-YP-519 521331 4984436 8.361 83 91.5 96 54 

20/10/2017 Z1C 510 YP HG17-Z1C-YP-510     10.07 81 92 97 54 

19/10/2017 Z1C 504 YP HG17-Z1C-YP-504 521320 4984430 5.555 71 80 85 55 

20/10/2017 Z1C 507 YP HG17-Z1C-YP-507   9.504 78 89 93 55 

20/10/2017 Z1C 515 YP HG17-Z1C-YP-515   9.095 77 89 93 55 

19/09/2017 Z1C 358 YP HG17-Z1C-YP-358 521110 4984286 10.26 80 90 95 55 

20/10/2017 Z1C 508 YP HG17-Z1C-YP-508     9.513 79 92 97 55 
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21/09/2017 Z2W 393 YP HG17-Z2W-YP-393 523915 4985069 4.754 58 70 76 56 

18/09/2017 Z2W 356 YP HG17-Z2W-YP-356 523862 4984997 5.132 66 73 77 56 

18/09/2017 Z2W 350 YP HG17-Z2W-YP-350 523862 4984997 6.155 68 77 80 56 

18/09/2017 Z2W 354 YP HG17-Z2W-YP-354 523862 4984997 5.344 67 71 80 56 

21/09/2017 Z2W 390 YP HG17-Z2W-YP-390 523915 4985069 5.936 65 77 81 56 

21/09/2017 Z2W 391 YP HG17-Z2W-YP-391 523915 4985069 1.809 44 52 55 57 

21/09/2017 Z2W 392 YP HG17-Z2W-YP-392 523915 4985069 3.159 53 64 68 57 

18/09/2017 Z2W 348 YP HG17-Z2W-YP-348 523862 4984997 6.336 68 77 81 57 

18/09/2017 Z2W 346 YP HG17-Z2W-YP-346 523862 4984997 6.635 69 78 82 57 

18/09/2017 Z2W 352 YP HG17-Z2W-YP-352 523862 4984997 7.718 74 83 88 57 

28/09/2017 Z2W 441 YP HG17-Z2W-YP-441 524289 4985314 2.93 59 63 65 58 

18/09/2017 Z2W 347 YP HG17-Z2W-YP-347 523862 4984997 6.24 68 77 81 58 

18/09/2017 Z2W 349 YP HG17-Z2W-YP-349 523862 4984997 5.907 70 78 83 58 

28/09/2017 Z2W 432 YP HG17-Z2W-YP-432 524309 4985320 7.073 75 83 88 58 

28/09/2017 Z2W 439 YP HG17-Z2W-YP-439 524289 4985314 7.777 78 88 92 58 

28/09/2017 Z2W 433 YP HG17-Z2W-YP-433 524309 4985320 3.888 59 67 71 59 

28/09/2017 Z2W 434 YP HG17-Z2W-YP-434 524289 4985314 4.012 63 71 75 59 

18/09/2017 Z2W 351 YP HG17-Z2W-YP-351 523862 4984997 5.791 70 79 82 59 

28/09/2017 Z2W 440 YP HG17-Z2W-YP-440 524289 4985314 6.735 72 81 85 59 

18/09/2017 Z2W 353 YP HG17-Z2W-YP-353 523862 4984997 7.154 72 82 86 59 

28/09/2017 Z2W 442 YP HG17-Z2W-YP-442 524289 4985314 3.325 58 66 69 60 

18/09/2017 Z2W 355 YP HG17-Z2W-YP-355 523862 4984997 1.781 61 71 75 60 

18/09/2017 Z2W 345 YP HG17-Z2W-YP-345 523862 4984997 7.701 75 84 87 60 

28/09/2017 Z2W 443 YP HG17-Z2W-YP-443 524289 4985314 7.928 78 88 92 60 

28/09/2017 Z2W 431 YP HG17-Z2W-YP-431 524309 4985320 9.304 81 90 94 60 

30/08/2017 Z1B 133 RG HG17-Z1B-RG-133 521004 4984226 0.291 25  32 61 

30/08/2017 Z1B 124 RG HG17-Z1B-RG-124 521004 4984226 0.571 29  37 61 

30/08/2017 Z1B 144 RG HG17-Z1B-RG-144 520985 4984204 0.954 33  42 61 

30/08/2017 Z1B 127 RG HG17-Z1B-RG-127 521004 4984226 1.239 38  47 61 

30/08/2017 Z1B 139 RG HG17-Z1B-RG-139 520986 4984212 3.746 53   66 61 
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30/08/2017 Z1B 131 RG HG17-Z1B-RG-131 521004 4984226 0.257 22  28 62 

30/08/2017 Z1B 128 RG HG17-Z1B-RG-128 521004 4984226 0.696 31  38 62 

30/08/2017 Z1B 145 RG HG17-Z1B-RG-145 520969 4984196 1.46 40  50 62 

30/08/2017 Z1B 141 RG HG17-Z1B-RG-141 520985 4984204 4.072 53  67 62 

30/08/2017 Z1B 142 RG HG17-Z1B-RG-142 520985 4984204 5.092 58   72 62 

30/08/2017 Z1B 137 RG HG17-Z1B-RG-137 520996 4984215 0.263 24  29 63 

30/08/2017 Z1B 130 RG HG17-Z1B-RG-130 521004 4984226 0.414 25  33 63 

30/08/2017 Z1B 135 RG HG17-Z1B-RG-135 520996 4984215 0.477 28  35 63 

30/08/2017 Z1B 125 RG HG17-Z1B-RG-125 521004 4984226 1.398 38  47 63 

30/08/2017 Z1B 138 RG HG17-Z1B-RG-138 520986 4984212 3.131 48   63 63 

30/08/2017 Z1B 126 RG HG17-Z1B-RG-126 521004 4984226 0.234 22  28 64 

30/08/2017 Z1B 129 RG HG17-Z1B-RG-129 521004 4984226 0.267 23  29 64 

30/08/2017 Z1B 136 RG HG17-Z1B-RG-136 520996 4984215 0.325 24  30 64 

30/08/2017 Z1B 134 RG HG17-Z1B-RG-134 520996 4984215 0.688 29  37 64 

22/09/2017 Z1B 407 RG HG17-Z1B-RG-407 520979 4984208 4.704 60   70 64 

30/08/2017 Z1B 132 RG HG17-Z1B-RG-132 521004 4984226 0.311 24  31 65 

22/09/2017 Z1B 405 RG HG17-Z1B-RG-405 520973 4984192 1.096 39  46 65 

22/09/2017 Z1B 406 RG HG17-Z1B-RG-406 520979 4984208 1.492 43  51 65 

30/08/2017 Z1B 143 RG HG17-Z1B-RG-143 520985 4984204 4.157 50  65 65 

30/08/2017 Z1B 140 RG HG17-Z1B-RG-140 520985 4984204 4.557 56   72 65 

17/10/2017 Z1C 451 RG HG17-Z1C-RG-451 521242 4984398 0.654 32  39 66 

19/10/2017 Z1C 494 RG HG17-Z1C-RG-494 521307 4984420 0.977 37  44 66 

17/10/2017 Z1C 450 RG HG17-Z1C-RG-450 521242 4984398 1.11 37  45 66 

17/10/2017 Z1C 461 RG HG17-Z1C-RG-461 521309 4984427 2.692 53  64 66 

06/09/2017 Z1C 257 RG HG17-Z1C-RG-257 521248 4984389 4.742 61   72 66 

17/10/2017 Z1C 458 RG HG17-Z1C-RG-458 521274 4984405 0.373 28  33 67 

19/10/2017 Z1C 495 RG HG17-Z1C-RG-495 521307 4984420 1.019 37  45 67 

17/10/2017 Z1C 460 RG HG17-Z1C-RG-460 521303 4984417 1.243 41  49 67 

26/09/2017 Z1C 423 RG HG17-Z1C-RG-423 521226 4984396 3.699 53  65 67 

26/09/2017 Z1C 425 RG HG17-Z1C-RG-425 521226 4984396 3.888 56   66 67 
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Date Site # Species Fish ID X_Easting Y_Northing Mass (g) SL (mm) FL (mm) TL (mm) Composite # 

17/10/2017 Z1C 456 RG HG17-Z1C-RG-456 521274 4984405 0.907 37  44 68 

17/10/2017 Z1C 454 RG HG17-Z1C-RG-454 521242 4984398 0.974 38  45 68 

06/09/2017 Z1C 259 RG HG17-Z1C-RG-259 521262 4984398 3.353 56  65 68 

17/10/2017 Z1C 455 RG HG17-Z1C-RG-455 521274 4984405 5.173 65  72 68 

06/09/2017 Z1C 255 RG HG17-Z1C-RG-255 521248 4984389 4.829 62   73 68 

17/10/2017 Z1C 453 RG HG17-Z1C-RG-453 521242 4984398 0.634 33  39 69 

17/10/2017 Z1C 459 RG HG17-Z1C-RG-459 521282 4984407 0.82 33  42 69 

17/10/2017 Z1C 462 RG HG17-Z1C-RG-462 521309 4984427 0.824 36  42 69 

17/10/2017 Z1C 452 RG HG17-Z1C-RG-452 521242 4984398 1.551 43  51 69 

26/09/2017 Z1C 424 RG HG17-Z1C-RG-424 521226 4984396 5.539 62   73 69 

17/10/2017 Z1C 463 RG HG17-Z1C-RG-463 521309 4984427 0.571 31  37 70 

17/10/2017 Z1C 457 RG HG17-Z1C-RG-457 521274 4984405 1.049 37  44 70 

19/10/2017 Z1C 493 RG HG17-Z1C-RG-493 521316 4984427 1.666 44  53 70 

19/10/2017 Z1C 492 RG HG17-Z1C-RG-492 521334 4984439 2.011 47  57 70 

06/09/2017 Z1C 256 RG HG17-Z1C-RG-256 521248 4984389 4.62 61   71 70 

30/08/2017 Z3 155 RG HG17-Z3-RG-155 523251 4984793 2.997 52  61 71 

30/08/2017 Z3 164 RG HG17-Z3-RG-164 523251 4984793 3.662 54  65 71 

30/08/2017 Z3 172 RG HG17-Z3-RG-172 523251 4984793 3.837 55  66 71 

30/08/2017 Z3 158 RG HG17-Z3-RG-158 523251 4984793 4.48 58  69 71 

30/08/2017 Z3 156 RG HG17-Z3-RG-156 523251 4984793 5.399 63   75 71 

30/08/2017 Z3 168 RG HG17-Z3-RG-168 523251 4984793 2.292 47  57 72 

30/08/2017 Z3 166 RG HG17-Z3-RG-166 523251 4984793 2.977 50  60 72 

30/08/2017 Z3 167 RG HG17-Z3-RG-167 523251 4984793 3.412 55  64 72 

30/08/2017 Z3 160 RG HG17-Z3-RG-160 523251 4984793 3.737 55  65 72 

30/08/2017 Z3 151 RG HG17-Z3-RG-151 523272 4984781 3.192 59   68 72 

30/08/2017 Z3 153 RG HG17-Z3-RG-153 523272 4984781 0.426 28  34 73 

30/08/2017 Z3 173 RG HG17-Z3-RG-173 523251 4984793 2.968 52  62 73 

30/08/2017 Z3 157 RG HG17-Z3-RG-157 523251 4984793 4.784 58  68 73 

30/08/2017 Z3 163 RG HG17-Z3-RG-163 523251 4984793 4.81 59  70 73 

30/08/2017 Z3 159 RG HG17-Z3-RG-159 523251 4984793 4.21 56   72 73 
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Date Site # Species Fish ID X_Easting Y_Northing Mass (g) SL (mm) FL (mm) TL (mm) Composite # 

30/08/2017 Z3 169 RG HG17-Z3-RG-169 523251 4984793 2.264 45  54 74 

30/08/2017 Z3 154 RG HG17-Z3-RG-154 523251 4984793 3.029 51  61 74 

30/08/2017 Z3 165 RG HG17-Z3-RG-165 523251 4984793 4.107 58  69 74 

30/08/2017 Z3 170 RG HG17-Z3-RG-170 523251 4984793 4.622 60  71 74 

30/08/2017 Z3 152 RG HG17-Z3-RG-152 523272 4984781 4.443 61   73 74 

30/08/2017 Z3 171 RG HG17-Z3-RG-171 523251 4984793 2.528 48  57 75 

30/08/2017 Z3 149 RG HG17-Z3-RG-149 523329 4984760 2.428 48  58 75 

30/08/2017 Z3 162 RG HG17-Z3-RG-162 523251 4984793 3.66 53  64 75 

30/08/2017 Z3 150 RG HG17-Z3-RG-150 523272 4984781 3.521 54  66 75 

30/08/2017 Z3 161 RG HG17-Z3-RG-161 523251 4984793 4.723 59   70 75 

21/09/2017 Z2W 399 RG HG17-Z2W-RG-399 523871 4985017 0.664 32  40 76 

05/09/2017 Z2W 229 RG HG17-Z2W-RG-229 523912 4985058 1.319 40  47 76 

21/09/2017 Z2W 397 RG HG17-Z2W-RG-397 523915 4985069 3.176 50  62 76 

05/09/2017 Z2W 238 RG HG17-Z2W-RG-238 523912 4985058 2.981 54  64 76 

28/09/2017 Z2W 435 RG HG17-Z2W-RG-435 524289 4985314 3.566 55   65 76 

05/09/2017 Z2W 234 RG HG17-Z2W-RG-234 523912 4985058 0.208 23  26 77 

05/09/2017 Z2W 232 RG HG17-Z2W-RG-232 523912 4985058 0.321 26  30 77 

05/09/2017 Z2W 233 RG HG17-Z2W-RG-233 523912 4985058 0.378 29  34 77 

05/09/2017 Z2W 254 RG HG17-Z2W-RG-254 523898 4985045 0.536 30  35 77 

28/09/2017 Z2W 444 RG HG17-Z2W-RG-444 524289 4985314 2.073 46   55 77 

05/09/2017 Z2W 237 RG HG17-Z2W-RG-237 523912 4985058 0.158 19  23 78 

05/09/2017 Z2W 225 RG HG17-Z2W-RG-225 523925 4985077 0.316 25  29 78 

05/09/2017 Z2W 235 RG HG17-Z2W-RG-235 523912 4985058 0.306 26  31 78 

05/09/2017 Z2W 240 RG HG17-Z2W-RG-240 523912 4985058 0.724 34  40 78 

28/09/2017 Z2W 436 RG HG17-Z2W-RG-436 524289 4985314 3.533 54   65 78 

05/09/2017 Z2W 236 RG HG17-Z2W-RG-236 523912 4985058 0.258 24  28 79 

05/09/2017 Z2W 226 RG HG17-Z2W-RG-226 523925 4985077 0.933 35  43 79 

21/09/2017 Z2W 394 RG HG17-Z2W-RG-394 523915 4985069 2.71 43  59 79 

28/09/2017 Z2W 445 RG HG17-Z2W-RG-445 524289 4985314 2.782 51  61 79 

28/09/2017 Z2W 438 RG HG17-Z2W-RG-438 524289 4985314 2.845 52   62 79 
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Date Site # Species Fish ID X_Easting Y_Northing Mass (g) SL (mm) FL (mm) TL (mm) Composite # 

05/09/2017 Z2W 241 RG HG17-Z2W-RG-241 523912 4985058 0.665 31  37 80 

05/09/2017 Z2W 231 RG HG17-Z2W-RG-231 523912 4985058 0.688 34  39 80 

05/09/2017 Z2W 230 RG HG17-Z2W-RG-230 523912 4985058 1.17 38  45 80 

25/09/2017 Z2W 408 RG HG17-Z2W-YP-408 523872 4985008 1.042 38  46 80 

21/09/2017 Z2W 396 RG HG17-Z2W-RG-396 523915 4985069 3.334 51   63 80 

27/10/2017 Z2E 541 RG HG17-Z2E-RG-541 525702 4986122 0.566 31  38 81 

27/10/2017 Z2E 546 RG HG17-Z2E-RG-546 525690 4986131 0.85 36  44 81 

27/10/2017 Z2E 555 RG HG17-Z2E-RG-555 525660 4986113 0.942 37  44 81 

27/10/2017 Z2E 556 RG HG17-Z2E-RG-556 525660 4986113 1.076 39  47 81 

27/10/2017 Z2E 544 RG HG17-Z2E-RG-544 525690 4986131 1.51 44   52 81 

27/10/2017 Z2E 552 RG HG17-Z2E-RG-552 525671 4986125 0.655 33  40 82 

27/10/2017 Z2E 558 RG HG17-Z2E-RG-558 525658 4986114 1.781 44  52 82 

27/10/2017 Z2E 554 RG HG17-Z2E-RG-554 525660 4986113 1.775 45  53 82 

27/10/2017 Z2E 560 RG HG17-Z2E-RG-560 525658 4986114 2.56 49  58 82 

27/10/2017 Z2E 543 RG HG17-Z2E-RG-543 525690 4986131 3.261 55   66 82 

27/10/2017 Z2E 550 RG HG17-Z2E-RG-550 525676 4986128 0.289 26  32 83 

27/10/2017 Z2E 564 RG HG17-Z2E-RG-564 525658 4986114 1.148 39  46 83 

27/10/2017 Z2E 563 RG HG17-Z2E-RG-563 525658 4986114 2.087 47  55 83 

27/10/2017 Z2E 540 RG HG17-Z2E-RG-540 525702 4986122 3.089 55  65 83 

27/10/2017 Z2E 549 RG HG17-Z2E-RG-549 525676 4986128 3.725 56   68 83 

27/10/2017 Z2E 557 RG HG17-Z2E-RG-557 525660 4986113 0.612 33  40 84 

27/10/2017 Z2E 551 RG HG17-Z2E-RG-551 525671 4986125 0.766 34  41 84 

27/10/2017 Z2E 559 RG HG17-Z2E-RG-559 525658 4986114 1.222 39  47 84 

27/10/2017 Z2E 545 RG HG17-Z2E-RG-545 525690 4986131 1.274 42  50 84 

27/10/2017 Z2E 547 RG HG17-Z2E-RG-547 525676 4986128 1.71 46   55 84 

27/10/2017 Z2E 553 RG HG17-Z2E-RG-553 525671 4986125 0.379 28  33 85 

27/10/2017 Z2E 561 RG HG17-Z2E-RG-561 525658 4986114 1.289 41  49 85 

27/10/2017 Z2E 565 RG HG17-Z2E-RG-565 525658 4986114 1.507 43  50 85 

27/10/2017 Z2E 548 RG HG17-Z2E-RG-548 525676 4986128 1.545 44  52 85 

27/10/2017 Z2E 562 RG HG17-Z2E-RG-562 525658 4986114 2.152 48   57 85 



Baseline monitoring of mercury levels in fish from the St. Lawrence River at Cornwall 
 

43  

 

 

 

 

 

 

 

Appendix B 

Percent moisture, mercury concentrations (THg and MeHg),  

and percentage of MeHg of the composite samples 
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Composite Site Species % moisture THg (ng/g ww) MeHg (ng/g ww) % MeHg 

1 Woodlands Islands Yellow Perch 74.7 48.232 30.821 63.902 

2 Woodlands Islands Yellow Perch 74.7 48.402 37.101 76.652 

3 Woodlands Islands Yellow Perch 74.7 53.718     

4 Woodlands Islands Yellow Perch 74.7 56.100 39.865 71.060 

5 Woodlands Islands Yellow Perch 74.7 44.302     

6 Woodlands Islands Round Goby 76.1 34.598     

7 Woodlands Islands Round Goby 76.1 34.803 14.106 40.532 

8 Woodlands Islands Round Goby 76.1 41.844 21.351 51.026 

9 Woodlands Islands Round Goby 76.1 32.912     

10 Woodlands Islands Round Goby 76.1 40.535 20.822 51.368 

11 Woodlands Islands Fallfish 77.8 31.407 12.803 40.764 

12 Woodlands Islands Fallfish 77.8 36.083     

13 Woodlands Islands Fallfish 77.8 27.615 10.236 37.067 

14 Woodlands Islands Fallfish 77.8 35.410 15.705 44.351 

16 Macdonnell Island Yellow Perch 74.7 38.729     

17 Macdonnell Island Yellow Perch 74.7 50.925 33.445 65.676 

18 Macdonnell Island Yellow Perch 74.7 39.842 29.985 75.261 

19 Macdonnell Island Yellow Perch 74.7 31.753     

20 Macdonnell Island Yellow Perch 74.7 43.540 29.063 66.751 

21 Macdonnell Island Round Goby 76.1 33.215 16.505 49.692 

22 Macdonnell Island Round Goby 76.1 40.319     

23 Macdonnell Island Round Goby 76.1 29.748 16.842 56.617 

24 Macdonnell Island Round Goby 76.1 30.471 14.871 48.805 

25 Macdonnell Island Round Goby 76.1 32.822     

26 Macdonnell Island Fallfish 77.6 28.365     

27 Macdonnell Island Fallfish 77.2 34.073     

28 Macdonnell Island Fallfish 77.4 30.903 15.395 49.818 

29 Macdonnell Island Fallfish 77.3 27.870 15.023 53.902 

30 Macdonnell Island Fallfish 77.6 28.356 19.486 68.720 

31 Sheek Island Yellow Perch 75.0 21.067 14.595 69.281 

32 Sheek Island Yellow Perch 75.3 29.423 24.789 84.250 

33 Sheek Island Yellow Perch 74.2 24.544     

34 Sheek Island Yellow Perch 74.7 22.598     

35 Sheek Island Yellow Perch 74.4 24.127 18.548 76.876 

36 Sheek Island Round Goby 74.8 36.192 15.165 41.902 

37 Sheek Island Round Goby 75.0 36.981 16.417 44.392 

38 Sheek Island Round Goby 74.1 31.631 16.601 52.484 

39 Sheek Island Round Goby 75.1 31.329     

40 Sheek Island Round Goby 75.8 28.743     

41 Sheek Island Fallfish 78.2 29.635     

42 Sheek Island Fallfish 79.0 26.707 14.471 54.185 
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Composite  Site Species % moisture THg (ng/g ww) MeHg (ng/g ww) % MeHg 

43 Sheek Island Fallfish 78.0 23.356     

44 Sheek Island Fallfish 78.3 37.139 20.278 54.601 

45 Sheek Island Fallfish 76.9 26.218 11.877 45.301 

46 Zone 1-B Yellow Perch 75.0 35.462 30.494 85.989 

47 Zone 1-B Yellow Perch 75.0 45.028 35.553 78.957 

48 Zone 1-B Yellow Perch 75.1 54.989 37.908 68.937 

49 Zone 1-B Yellow Perch 74.7 31.712 22.293 70.297 

50 Zone 1-B Yellow Perch 75.1 44.084 30.315 68.766 

51 Zone 1-C Yellow Perch 74.0 42.123 33.278 79.002 

52 Zone 1-C Yellow Perch 75.5 32.232 27.595 85.613 

53 Zone 1-C Yellow Perch 74.7 39.526 27.175 68.753 

54 Zone 1-C Yellow Perch 75.1 30.959 20.544 66.358 

55 Zone 1-C Yellow Perch 75.5 38.034 29.486 77.525 

56 Zone 2-West Yellow Perch 73.8 47.884 38.474 80.347 

57 Zone 2-West Yellow Perch 74.4 44.511 40.205 90.325 

58 Zone 2-West Yellow Perch 74.2 43.056 40.367 93.754 

59 Zone 2-West Yellow Perch 74.4 35.511 29.235 82.326 

60 Zone 2-West Yellow Perch 73.7 33.615 29.405 87.477 

61 Zone 1-B Round Goby 74.9 104.310 61.589 59.044 

62 Zone 1-B Round Goby 83.6 53.231     

63 Zone 1-B Round Goby 76.8 114.511     

64 Zone 1-B Round Goby 75.6 105.304     

65 Zone 1-B Round Goby 76.7 73.174     

66 Zone 1-C Round Goby 76.0 45.001     

67 Zone 1-C Round Goby 75.6 52.225     

68 Zone 1-C Round Goby 74.9 43.946 24.365 55.444 

69 Zone 1-C Round Goby 75.1 42.263     

69 Zone 1-C Round Goby 75.1 44.279     

70 Zone 1-C Round Goby 75.0 45.148     

71 Zone 3 Round Goby 76.7 53.230     

72 Zone 3 Round Goby 76.8 43.197     

73 Zone 3 Round Goby 76.7 61.777     

74 Zone 3 Round Goby 76.2 49.369     

75 Zone 3 Round Goby 75.6 53.377     

76 Zone 2-West Round Goby 75.8 58.109 27.474 47.281  

77 Zone 2-West Round Goby 75.3 45.831     

78 Zone 2-West Round Goby 76.8 63.191     

79 Zone 2-West Round Goby 76.4 65.724     

80 Zone 2-West Round Goby 76.4 55.046     

81 Zone 2-East Round Goby 75.5 29.288     

82 Zone 2-East Round Goby 75.0 40.501     
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Composite Site Species % moisture THg (ng/g ww) MeHg (ng/g ww) % MeHg 

83 Zone 2-East Round Goby 75.7 45.611     

84 Zone 2-East Round Goby 74.6 34.802     

85 Zone 2-East Round Goby 74.6 30.469     

 

 

 

 

 

 

 

 


