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Executive Summary 
 
Previous sediment surveys (1975 -1997) in the St. Lawrence River identified an area 
downstream of the Domtar Fine Paper/CIL (ICI) diffuser as being contaminated with Hg. 
As well, sediment located along the Cornwall waterfront adjacent to, and downstream of 
the former Courtaulds Fibres Canada property were identified as an area contaminated 
with mercury (Hg), zinc (Zn), lead (Pb) and copper(Cu) (Kauss et al. 1988; RAP Stage 1 
Report 1992; Richman 1994; Richman 1996; Richman 1999; Richman and Dreier 
2001). The Sediment Remediation Strategy identified these areas as Zone 1 and Zone 
2 respectively.  Since local industrial dischargers were no longer operating in the study 
area the overall objective of this survey was to assess whether there has been 
changes in sediment metal concentrations through time at a selected number of sites. 
This objective was to be achieved by comparing the 2004 sediment data with data 
collected in 1994 and 2000 from corresponding stations.  
 
Sediment quality appears to be improving in general at some stations when the 2004  
0-10 cm sediment data were compared with similar samples collected in 1994 and 
2000. However, the lack of replicate samples for this dataset precludes a statistical 
assessment of these changes.  
 
Mercury and Zn concentrations appear to be decreasing at some stations when 2004 
data from the 0-3 cm sediment layer were compared with 0-10 cm samples (while other 
stations showed little change). Surface sediment (0-3 cm) and sediment collected from 
the top 10 cm had similar Cu and Pb concentrations which suggested little change in 
contamination over time for these metals. This was also confirmed by comparisons 
between the 2000 data and 2004 data. This was not surprising for stations located 
farther downstream of historical outfalls since concentrations of Cu and Pb were 
approaching upstream values. The lack of apparent recent improvements in sediment 
quality at stations close to the former shore-based dischargers may be due to low 
deposition rates and mixing through bioturbation of deeper more contaminated 
sediment with newly deposited cleaner sediment which could mask some 
improvements.  
 
Concentrations of all four metals in sediment suggested that the Cornwall waterfront 
was still contaminated. Natural recovery as a means to remediate the contaminated 
sediment appears to be successful at some stations.  Overall conclusions need to be 
tempered though since the data were not consistent for all stations or between survey 
years for all parameters. The process of natural recovery will likely be slow since local 
sediment deposition rates appear to be low. 
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2004 Sediment Characterization: Cornwall - Zone 1 & 2 Sediment 
Sampling. 
  
Background 
 
Previous sediment surveys (1975 -1997) in the St. Lawrence River identified an 
area downstream of the Domtar Fine Paper/CIL (ICI) diffuser as being 
contaminated with Hg. As well, sediment located along the Cornwall waterfront 
adjacent to, and downstream of the former Courtaulds Fibres Canada property 
were identified as an area contaminated with mercury (Hg), zinc (Zn), lead (Pb) 
and copper(Cu) (Kauss et al. 1988; RAP Stage 1 Report 1992; Richman 1994; 
Richman 1996; Richman 1999; Richman and Dreier 2001). Sediment samples 
collected in these areas routinely exceeded the "severe effect level" (SEL) of the 
Ontario Sediment Quality Guidelines for these metals. The Sediment 
Remediation Strategy identified these areas as Zone 1 and Zone 2.  Zone 1 
refers to the area downstream of Domtar/CIL (ICI). Zone 2 refers to the area 
downstream of the former Courtaulds Fibres Canada facility.  
 
Sediment was collected in July, 2004 from these two zones as part of EMRBs 
routine environmental monitoring program.  
 
Since local industrial dischargers were no longer operating in the study area the 
overall objective of this survey was to assess whether there has been changes 
in sediment metal concentrations through time at a selected number of sites. This 
objective was to be achieved by characterizing the physical properties and 
chemical composition of the sediment in the St. Lawrence River within Zones 1 
and 2 and then comparing the 2004 sediment data with data collected in 1994 
and 2000 from corresponding stations.  
 
A second objective was to collect sediment from Zones 1 and 2 as well as from 
the Oil Tank Storage Area (Zone 3) for sediment bioassays (performed by 
Laboratory Service Branch - LSB).  A formal report will be prepared by LSB when 
all the data have been summarized.  
 
Methods 
 
Sediment Collection for Contaminant Analysis 
 
Surface sediment was collected from Zone 1 and 2 using a ponar sampler from 8 
stations (Figure 1). A portion of the upper 3 cm of at least 3 grab collections (or 
more if required) were pooled and homogenized for each sample. Sediment was 
composited in a clean soap washed glass or ceramic bowl and thoroughly 
homogenized with a clean stainless steel spatula. Three replicate sediment 
samples from each station were submitted for analysis to the MOE Rexdale 
Laboratory for metals (including total Hg), loss on ignition (LOI), total organic 
carbon (TOC) and particle size. A sub-sample was collected from one replicate   
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sample from each station and submitted to Flett Research Ltd (Winnipeg) for 
total and methyl mercury analysis. 
 
At each station a single 10 cm surface sample was also collected using a ponar 
sampler and submitted for analysis for the parameters listed above including Flett 
total and methyl Hg. 
 
The general sample composition (eg. sand, silt etc.), sediment colour, any 
unusual features and the number of grabs required for each sample were 
recorded and can be obtained on request.  
 
Sediment Collection for Bioassays 
 
About 10 litres of sediment (1/2 bucket) were collected with the mini ponar for the 
sediment bioassays and placed in buckets lined with clean bioassay (food-grade) 
polyethylene bags. Typically, the mini-ponar does not penetrate the sediment 
deeper than the top 10 cm. 
 
Methodology and results for the bioassays will be presented in a report prepared 
by LSB. 
 
Data Analysis 
 
Trace elements tend to accumulate and bind to the clay/silt sized sediment 
fraction represented by particle sizes of less than 63 μm (Forstner and Wittmann 
1983; Krumgalz et al. 1992).  Accordingly, it is necessary to adjust trace element 
concentrations found at each station to account for the proportion of sediment in 
the sample that is less than 63 μm in size in order to compare contaminant 
concentrations between stations. This procedure diminishes the impact of the 
depositional environment at a station on the resulting particle size distribution, 
and consequently the contaminant concentration found at a station. 
 
There are several methods frequently used to correct for depositional 
environments and hence particle size differences between stations (Forstner and 
Wittmann 1983; Krumgalz et al. 1992). The approach taken in this report was to 
normalize the anthropogenic trace metal results at all stations to a fine particle 
(<63 μm) content of 73%. This involved the multiplication of the contaminant 
concentration at a site by 73% and then dividing by the actual percent silt plus 
clay sized fraction for the station. This percentage (73%) was chosen since it was 
the median value for the particle size distribution for all samples collected in the 
study area. Another commonly used option would have been to normalize the 
concentration of contaminants to a fine particle content of 100% however this 
method has a tendency to produce inordinately high metal concentrations at 
stations high in sand. 
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Total and Methyl Mercury Analysis 
 
The MOE Rexdale Laboratory was used for the analysis of total Hg in all samples 
collected. Since the MOE laboratory does not have methyl Hg analytical 
capability a subset of samples were sent to Flett Research Ltd. for methyl Hg 
analysis. These samples were also subsequently analysed for total Hg. Figure 2 
provides a comparison of the total Hg data from the two laboratories for stations 
in common. With only a few exceptions there was good agreement between the 
results from the two laboratories (r2=0.92). Accordingly, both sets of results were 
reported in Table 1 but the report uses the MOE results for the purpose of 
comparisons with earlier data since samples from these surveys were analysed 
by the MOE laboratory. 
 
Measurement of Water Temperature and Conductivity 
 
Water temperature, DO and conductivity were measured one metre off the 
bottom during sediment collection with appropriate instrumentation calibrated 
daily. This data can be obtained upon request. 
 
Results and Discussion 
 
Overview of 2004 Data 
 
All trace metal data are provided in Table 1, however, the following detailed 
discussion of the results (i.e. data interpretation) is focused on Hg for Zone 1, 
and the four metals of historical concern (Hg, Cu, Pb and Zn) for Zone 2. Mercury 
was the only contaminant of concern for Zone 1 since industrial dischargers 
upstream of this area did not release significant loadings of Cu, Zn or Pb. 
Accordingly; concentrations of Zn, Pb and Cu were not high in previous surveys 
within this zone. Data for these metals at stations 522 and 521 located in Zone 1 
in 2004 were consistent with data from stations located within this zone in 
previous surveys (MOE 1979; Kauss et al. 1988; Richman 1994, 1996, 1999). 
For Zone 2, all four metals were of interest since Courtaulds was a known 
discharger of these parameters. 
 
For the two stations in Zone 1 both the 3 cm and 10 cm surface samples had Hg 
concentrations that were greater than the LEL (0.2 ug/g) but less than the SEL (2 
ug/g) (range 0.59 to 1.6 ug/g). The two stations in Zone 1 had the lowest 
concentrations of Hg for this survey; however, Zone 1 was still contaminated with 
Hg when compared to sediment surface concentrations reported for areas 
located in Lake St. Lawrence, upstream of the historical Hg sources (Grapentine 
et al. 2003). 
 
The highest concentrations of Cu, Pb and Zn were present in Zone 2 at the three 
stations (5, 9 and 64) closest to the former Courtaulds facility shore-based 
outfalls. These results are similar to previous surveys. Sediment concentrations



Figure 2: Total mercury concentrations (u g/g dry wt.) in sediment collected 
from the St. Lawrence River analysed by Flett Research Ltd. and the MOE 
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Table 1: Metal concentrations, TOC, and particle size in surface sediment (0-3 cm) and (0-10 cm) collected 
from the St. Lawrence River, Cornwall, Ontario, 2004

ALUT CDUT CRUT CUUT FEUT
Station Number Water Depth E3062A E3062A E3062A E3062A E3062A

(MOE) (EC) (m) UG/G DRY UG/G DRY UG/G DRY UG/G DRY UG/G DRY

Zone 1
12 2 522 0-3cm GL045275 4984262 521177 7.5 11000 1.2 30 37 16000
12 2 522 0-3cm GL045276 7.5 11000 1.2 31 35 16000
12 2 522 0-3cm GL045277 7.5 10000 1 29 45 15000
12 2 522 0-10 cm GL045278 7.5 10000 1.1 31 36 15000
12 2 521 0-3cm GL045270 4984283 521209 8 9200 1.1 26 31 14000
12 2 521 0-3cm GL045271 8.1 9300 0.8 <T 26 29 14000
12 2 521 0-3cm GL045272 8.2 10000 1.1 28 39 15000
12 2 521 0-10 cm GL045273 8.1 8100 1.2 29 37 13000

Zone 2
12 2 162 5 0-3cm GL045265 4985080 523954 4.6 16000 1.6 51 70 22000
12 2 162 0-3cm GL045266 4.4 16000 2 51 68 22000
12 2 162 0-3cm GL045267 3.8 14000 1.6 49 66 20000
12 2 162 0-10 cm GL045268 4.2 14000 1.4 54 76 20000
12 2 129 9 0-3cm GL045260 4985110 523994 5 14000 1.6 45 92 19000
12 2 129 0-3cm GL045261 4.5 11000 1.6 37 100 16000
12 2 129 0-3cm GL045262 4.5 11000 1.3 41 120 16000
12 2 129 0-10 cm GL045263 4.5 11000 1.2 46 120 17000
12 2 192 64 0-3cm GL045255 4985179 524086 4.8 16000 1.6 48 77 22000
12 2 192 0-3cm GL045256 5.3 16000 2.1 48 73 22000
12 2 192 0-3cm GL045257 5.3 13000 1.6 40 140 18000
12 2 192 0-10 cm GL045258 4.8 14000 1.6 47 110 19000
12 2 150 19 0-3cm GL045250 4985247 524260 8.5 10000 1 29 32 16000
12 2 150 0-3cm GL045251 8.9 11000 1.1 29 30 16000
12 2 150 0-3cm GL045252 8.5 10000 0.9 <T 31 34 16000
12 2 150 0-10 cm GL045253 8.5 9800 1 31 38 15000
12 2 183 26 0-3cm GL045245 4985253 524410 10.4 6900 0.7 <T 21 27 14000
12 2 183 0-3cm GL045246 10.3 6400 0.7 <T 22 33 13000
12 2 183 0-3cm GL045247 10.4 8000 0.8 <T 25 27 17000
12 2 183 0-10 cm GL045248 10.3 8400 0.9 <T 26 48 13000
12 2 159 31 0-3cm GL045240 4985391 524593 9.3 9400 0.9 <T 25 26 15000
12 2 159 0-3cm GL045241 9.5 9600 0.9 <T 26 28 15000
12 2 159 0-3cm GL045242 9.6 9100 0.8 <T 23 27 14000
12 2 159 0-10 cm GL045243 9.5 9600 1 28 40 14000

Lowest Effect Level (u g/g) 0.6 26 16 2%
Severe Effect Level (u g/g) ** 10 110 110 4%

VQF VQFField SampleSample Type VQF VQFUTM North UTM East VQF



Table 1: Metal concentrations, TOC, and particle size in surface sediment (0-3 cm) and (0-10 cm) collected 
from the St. Lawrence River, Cornwall, Ontario, 2004

Station Number
(MOE) (EC)

Zone 1
12 2 522 0-3cm
12 2 522 0-3cm
12 2 522 0-3cm
12 2 522 0-10 cm
12 2 521 0-3cm
12 2 521 0-3cm
12 2 521 0-3cm
12 2 521 0-10 cm

Zone 2
12 2 162 5 0-3cm
12 2 162 0-3cm
12 2 162 0-3cm
12 2 162 0-10 cm
12 2 129 9 0-3cm
12 2 129 0-3cm
12 2 129 0-3cm
12 2 129 0-10 cm
12 2 192 64 0-3cm
12 2 192 0-3cm
12 2 192 0-3cm
12 2 192 0-10 cm
12 2 150 19 0-3cm
12 2 150 0-3cm
12 2 150 0-3cm
12 2 150 0-10 cm
12 2 183 26 0-3cm
12 2 183 0-3cm
12 2 183 0-3cm
12 2 183 0-10 cm
12 2 159 31 0-3cm
12 2 159 0-3cm
12 2 159 0-3cm
12 2 159 0-10 cm

Lowest Effect Level (u g/g)
Severe Effect Level (u g/g) **

Sample Type

HGUT Flett Flett MNUT NIUT PBUT ZNUT TOC RSTLOI silt sand clay silt + clay
E3059A Total Hg Methyl Hg E3062A E3062A E3062A E3062A E3012A E3139A E3328A E3328A E3328A
UG/G DRY ug/g ng/g UG/G DRY UG/G DRY UG/G DRY UG/G DRY MG/G DRY MG/G DRY % % % %

0.74 0.525 2.8 220 23 22 110 41 77 52 35 12.6 65
0.72 230 23 24 110 41 77 48 40 11.6 60
0.71 210 22 23 100 38 74 51 37 12.1 63
1.2 0.798 1.2 200 24 32 110 38 71 50 38 11.6 62
0.6 0.585 2.7 190 20 19 90 34 63 46 43 11.3 57
1.6 210 20 24 97 35 63 45 45 10.7 56

0.59 210 21 21 99 37 71 49 39 12.3 61
1.3 1.06 2.3 170 22 36 91 45 83 42 49 8.9 51

2.8 3.87 2.6 290 32 130 750 58 110 63 18 19.2 82
1.8 300 32 120 750 58 110 64 16 19.6 84

2 250 28 130 780 66 110 60 23 17.1 77
2.5 2.84 1.5 270 33 140 910 40 94 62 20 18.7 81
5.8 4.71 6.4 270 32 350 810 47 83 60 22 18.1 78
7.2 220 28 520 860 38 69 51 34 15.1 66
6.3 220 28 570 960 38 64 53 32 15.7 69
7.2 7.93 3 220 29 590 1300 35 53 50 34 16.3 66
1.9 2.1 1.9 300 32 190 720 51 90 64 15 20.2 84
1.6 310 31 150 580 49 94 64 17 19.4 83
1.5 250 26 480 1000 47 72 50 34 15.4 65
2.9 2.6 1.1 270 31 420 1000 46 80 63 18 19 82

1 0.803 1.6 270 20 36 180 28 52 41 47 12.2 53
1.2 280 21 49 160 32 62 44 43 13.6 58
1.5 290 21 57 210 29 52 44 42 13.7 58
2.7 1.43 1.9 260 22 53 230 32 55 42 46 12.1 54
2.2 2.47 5.2 200 15 22 120 37 67 35 55 9.9 45
1.5 220 16 28 150 33 52 28 62 7.8 36
2.3 260 17 32 150 34 63 39 50 11.2 50
9.6 12.2 5.1 250 21 71 550 51 96 52 31 17.3 69

2 2.19 5.2 260 19 26 130 27 54 43 45 12.6 56
2.4 270 20 26 130 31 57 41 47 12 53
1.7 260 17 23 98 41 49 40 48 11.5 52
5.4 8.61 6.7 250 20 36 250 37 69 47 38 14.8 62
0.2 460 16 31 120 1%

2 1100 75 250 820 10%

VQFVQFVQF VQF VQF VQFVQF
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of Cu, Pb and Zn exceeded the SEL (110  ug/g, 250 ug/g and 820 ug/g 
respectively) at stations 9 and 64 (Figures 3-5). The highest concentrations of Pb 
and Zinc were 590 ug/g and 1300 ug/g respectively in the 10 cm sample 
collected from station 9. Surface (0-3 cm) samples had Pb and Zn concentrations 
as high as 570 ug/g (station 9) and 1000 ug/g (station 64) respectively. Zinc 
concentrations were also greater than the SEL at station 5. Concentrations of Cu, 
Pb and Zn were greater than the LEL at stations 19, 26 and 31 but did not 
exceed the SEL. These results were consistent with previous sediment surveys 
which showed a decreasing trend in sediment concentrations with distance from 
the locations where shore based discharges existed.  
 
All Zone 2 stations (downstream of Courtaulds) had higher total Hg in the top 10 
cm of sediment than in the upper 3 cm of the samples. All 10 cm samples from 
this area had total Hg that exceeded the SEL and ranged as high as 9.6 ug/g 
(Figure 6). Four of the six stations had sediment within the top 3 cm with 
concentrations greater than the SEL (range 1 to 7.2 ug/g (median 1.95 ug/g) ) 
and two stations with concentrations greater than the LEL but less than the SEL.  
Zone 2 was contaminated with Hg compared to sediment surface concentrations 
reported for areas located in Lake St. Lawrence, upstream of the historical Hg 
sources (Grapentine et al. 2003).  The range in total sediment Hg concentrations 
in the top 10 cm for upstream sites was 0.016 to 0.174 ug/g dry wt. (median 
0.083 ug/g), compared with the range in the top 10 cm samples from the study 
area which was 2.5 to 9.6 ug/g dry wt. (median 4.5 ug/g). The range for the top 3 
cm of sediment in the study area described above was also higher than 
concentrations in Lake St. Lawrence (0.06 to 1.9 ug/g dry wt.; median 0.25 ug/g).  
 
With only a few exceptions, sediment at all stations were characterized as having 
a high concentration of silty/clay sized particles (>60%). Figure 7 shows the 
particle size distribution for the stations within the survey area and a comparison 
of the particle sizes within a station between the surface 3 cm and 10 cm 
samples. When the metal data were normalized for particle size differences 
between stations the patterns of contamination described above did not change 
(Appendix Figures A1-A4). 
 
Methyl Hg concentrations in the top 10 cm of sediment in both Zone 1 and 2 
were higher than concentrations detected in the upstream reference stations in 
Lake St. Lawrence, a further indication that the area along the Cornwall 
waterfront is still contaminated with Hg. Methyl Hg concentrations in the 
upstream reference stations sampled in 2001 ranged from 0.29 to 0.91 ng/g 
(median 0.550) (Grapentine et al. 2003).  For comparison, the concentrations in 
the top 10 cm samples in Zone 2 ranged from 1.1 to 6.7 ng/g - median 2.5 ng/g). 
Concentrations in the 0-3 cm sediment samples in Zone 2 were similar to the 0-
10 cm samples and ranged from 1.6 to 6.4 ng/g - median 3.9 ng/g. These values 
were comparable with methyl Hg concentrations measured from a variety of 
different stations in Zone 2 in 2001 (range 0.73 ng/g to 5.4 ng/g - median 3 .1 
ng/g) (Grapentine et al. 2003).  Implications concerning the biomagnification of  



Figure 3: Copper concentrations (u g/g dry wt.) in sediment collected from the 
St. Lawrence River, 2004
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Figure 4: Lead concentrations (u g/g dry wt.) in sediment collected from the 
St. Lawrence River, 2004
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Figure 5: Zinc concentrations (u g/g dry wt.) in sediment collected from the 
St. Lawrence River, 2004
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Figure 6: Total Hg concentrations (u g/g dry wt.) in sediment collected from the 
St. Lawrence River, 2004
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Figure 7: Percent silt/clay sized particle in sediment collected from the 
St. Lawrence River, 2004
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Hg (primarily methyl Hg) through the food chain can not be assessed by 
sediment concentrations alone and would require further study. The 2001 study 
of the area did show that the Hg was bioavailable to invertebrates (Grapentine et 
al. 2003). 
 
Percent methyl Hg in sediment samples was low and consistent with earlier 
studies in the Cornwall area. The percent methyl Hg was greatest in 0-3 cm 
sediment samples (range 0.07 - 0.53%) and decreased as the sediment depth 
increased. The range for samples collected from the top 10 cm samples was 
0.04-0.22% methyl Hg. There was a weak relationship between methyl and total 
Hg in sediment (r2=0.33). 
 
Additional Parameters/Metals Analysed 
 
TOC concentrations were greater than the LEL in all samples but did not exceed 
the SEL (Figure 8). Concentrations of Cd, Cr and Ni were greater than the LEL in 
almost all samples (both Zone 1 and Zone 2). Manganese and Fe concentrations 
were less than the LEL in almost all samples with the exception of sediment 
collected from station 5 and 64 for Fe. Results for these parameters were 
consistent with data from previous surveys indicating that there has been minimal 
change in sediment concentrations over time for these metals (Kauss et al. 1988; 
Anderson 1991; Richman 1994, 1996, 1999). Significant local sources of these 
metals were not historically present in the area so changes in sediment 
concentrations were not anticipated. 
 
Comparison of Data with Earlier Surveys 
 
The stations sampled in 2004 in Zone 2 were previously sampled in either 1994 
and/or 2000. Based on the northings and eastings provided for each sampling 
event the samples collected in 2000 and 2004 were within one to four meters of 
the sites visited in 1994 (typically +/- 7 m accuracy for the GPS). All samples 
were analysed by the MOE Rexdale Laboratory. Sediment samples were 
collected from some of the same stations in Zone 1 and Zone 2 in 1997 but 
station locations (northings and eastings) were not consistent so the data were 
not included in this summary.  Zone 1 was not sampled in 1994 and 2000. All 
data were corrected for particle size differences (percent silt plus clay sized 
particles) to facilitate temporal comparisons.  
 
Sediment collected in 2004 from stations close to the former (Courtaulds) shore-
based outfalls (stations 5, 9 and 64) were contaminated with Cu, Pb, and Zn 
when compared to sediment collected from Zone 1 (Figures Appendix A1-A3). 
Since Zone 1 was not exposed to a local point source that discharged these 
metals it is reasonable to use these stations as upstream reference stations. 
Sediment collected from stations located further downstream (stations 19, 26 and 
31) had concentrations of Cu and Pb that were similar to the upstream 
concentrations.  Zinc concentrations at these downstream stations were greater  



Figure 8: TOC (mg/g) in sediment collected from the
 St. Lawrence River, 2004
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than the stations in Zone 1 but appeared to be approaching the upstream values 
(particularly when compared to the high Zn concentrations present at stations 5, 
9 and 64). There was little difference in Cu and Pb concentrations between the 0-
3 cm surface samples and 0-10 cm samples at all stations in 2004 suggesting 
little change in sediment quality through time (assuming deeper sediment 
represents older sediment). This pattern held true for Zn as well at three stations 
although there appears to be an improvement in Zn concentrations at stations 9, 
26 and possibly 31. With the exception of station 5, these patterns were 
confirmed when comparing surface (0-3cm) sediment data from 2004 with 
sediment data collected in 2000 (Figures 9-11). The lack of apparent change in 
surface concentrations for sediment collected from stations located farther 
downstream was likely due to concentrations already being similar to upstream 
values. The lack of improvement in sediment quality at stations closer to the 
former shore-based dischargers may be due to a combination of low sediment 
deposition rates and mixing through bioturbation of older more contaminated 
sediment with newly deposited cleaner sediment. Sediment mixing from benthic 
invertebrates could involve as much as the top 10 cm of sediment. If sediment 
deposition rates were low for Zone 2 in general (Rukavina (2000) estimated 
sedimentation rates to be 0.8-1.1 cm/y), some sediment within the top 10 cm 
could have concentrations of metals representative of conditions when 
Courtaulds was still in operation (pre 1993). The continued biological mixing of 
this contaminated layer of sediment could mask any recent sediment 
improvements. The ability to observe improvements in sediment quality is 
compromised further by the large variability in metal concentrations within a 
station (e.g. station 9 and 64). 
 
The Hg contamination in the surface samples (0-3 cm) was more evenly 
distributed throughout the stations sampled in Zone 2 (Figure 12). Similar to the 
zinc data, a comparison of the 2004 sediment Hg data from 0-3 cm samples with 
0-10 cm samples suggests some recent improvements in sediment quality at 
stations 64, 19, 26 and 31 with no change in concentrations at stations 5 and 9 
(Figure Appendix A4). 
 
In contrast to most of the surface sediment data, however, when the 10 cm 
samples were compared between survey years for Hg, Zn, Cu and Pb, the data 
suggests that concentrations may be decreasing overall at stations 5, 64 and 31 
between 1994 and 2004 (Figures 13-16). In general, there was little apparent 
change in metal concentrations between 1994 and 2004 at stations 9, 19 and 26. 
The lack of change at stations 19 and 26 was not surprising since these stations 
had sediments that were less contaminated in general. Since there was no 
sample replication for the 0-10 cm data-set, the data can not be assessed 
statistically to determine if changes in metal concentrations were significant.  



Figure 9: Copper concentrations in sediment (0-3 cm) normalized to 73% 
silt/clay collected from the St. Lawrence River in 1994, 2000 and 2004
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Figure 10: Lead concentrations in sediment (0-3 cm) normalized to 73% silt/clay 
collected from the St. Lawrence River in 1994, 2000 and 2004
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Figure 11: Zinc concentrations in sediment (0-3 cm) normalized to 73% silt/clay 
collected from the St. Lawrence River in 1994, 2000 and 2004
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Figure 12: Total Hg concentrations in sediment (0-3 cm) normalized to 73% 
silt/clay collected from the St. Lawrence River in 1994, 2000 and 2004
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Figure 13: Copper concentrations in sediment (0-10 cm) normalized to 73% 
silt/clay collected from the St. Lawrence River in 1994, 2000 and 2004 
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Figure 14: Lead concentrations in sediment (0-10 cm) normalized to 73% 
silt/clay collected from the St. Lawrence River in 1994, 2000 and 2004 

0

200

400

600

800

1000

1200

1400

1600

5 9 64 19 26 31
Station Number

Le
ad

 (u
g/

g 
dr

y 
w

t.)
no

rm
al

iz
ed

 to
 7

3%
 s

ilt
/c

la
y

1994

2000

2004



Figure 15: Zinc concentrations in sediment (0-10 cm) normalized to 73% silt/clay 
collected from the St. Lawrence River in 1994, 2000 and 2004 
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Figure 16: Total Hg concentrations in sediment (0-10 cm) normalized to 73% 
silt/clay collected from the St. Lawrence River in 1994, 2000 and 2004 
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Conclusions 
 
Sediment quality appears to be improving in general at some stations when the 
2004 0-10 cm sediment data were compared with similar samples collected in 
1994 and 2000. However, the lack of replicate samples for this dataset precludes 
a statistical assessment of these changes. Mercury and Zn concentrations 
appear to be decreasing at some stations when 2004 data from the 0-3 cm 
sediment layer were compared with 0-10 cm samples (while other stations 
showed little change). Surface sediment (0-3 cm) and sediment collected from 
the top 10 cm had similar Cu and Pb concentrations which suggested little 
change in contamination over time for these metals. This was also confirmed by 
comparisons between the 2000 data and 2004 data. This was not surprising for 
stations located farther downstream of historical outfalls since concentrations of 
Cu and Pb were approaching upstream values. The lack of apparent recent 
improvements in sediment quality at stations close to the former shore-based 
dischargers may be due to low deposition rates and mixing through bioturbation 
of deeper more contaminated sediment with newly deposited cleaner sediment 
which could mask some improvements.  
 
Concentrations of all four metals in sediment suggested that the Cornwall 
waterfront was still contaminated. Natural recovery as a means to remediate the 
contaminated sediment appears to be successful at some stations.  Overall 
conclusions need to be tempered though since the data were not consistent for 
all stations or between survey years for all parameters. The process of natural 
recovery will likely be slow since local sediment deposition rates appear to be 
low. 
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Figure A1: Copper concentrations in sediment normalized to 73% silt/clay 
St. Lawrence River, 2004
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Figure A2: Lead concentrations in sediment normalized to 73% silt/clay 
St. Lawrence River, 2004
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Figure A3: Zinc concentrations in sediment normalized to 73% silt/clay 
St. Lawrence River, 2004
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Figure A4: Total Hg concentrations in sediment normalized to 73% silt/clay 
St. Lawrence River, 2004

0

2

4

6

8

10

12

522 521 5 9 64 19 26 31
Station Number

To
ta

l H
g 

(u
g/

g 
dr

y 
w

t.)
no

rm
al

iz
ed

 to
 7

3%
si

lt/
cl

ay

0 - 3 cm

10 cm




