
 

 

   
 

Sediment Quality Status of 
Lake Saint-François in 2018 

Highlights 

Status: Sediment quality in Lake Saint-François in 2018 is classified as moderate, 
primarily because of high concentrations of organic contaminants measured in the 
upstream sector of the lake (figure 1). 
 
Trend: Between 2008 and 2018, concentrations of polychlorinated biphenyls (PCBs) and 
polycyclic aromatic hydrocarbons (PAHs) increased, while concentrations of other 
substances decreased slightly or remained stable.  
 

 

Figure 1. Sediment sampling sites in Lake Saint-François in 2018  
and sediment quality index  
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Issue 

Lake Saint-François underwent 
considerable man-made modifications in 
the 20th century with the construction of 
the Beauharnois hydroelectric dam and 
several water-control structures in the 
downstream portion of the lake. During 
the same period, the shoreline upstream 
became heavily industrialized, which led 
to significant contamination of sediments 
by polychlorinated biphenyls (PCBs) and 
mercury. Through government action 
plans and regulatory controls 
implemented since the 1970, it has been 
possible to reduce contaminant inputs to 
Lake Saint-François. Although these 
measures have resulted in a substantial 
improvement in sediment quality, highly 

contaminated sediments are still present 
at depth covered by a thin layer of 
sediment a few centimetres thick. Their 
resuspension could re-contaminate the 
surface layer and become detrimental to 
aquatic wildlife health. 

In 2018, Environment and Climate 
Change Canada collected samples of 
surface sediments from Lake Saint-
François to analyze for numerous 
contaminants. The results were 
compared with the results from previous 
sampling campaigns to determine the 
lake’s sediment quality status and trends 
(Pelletier and Lepage, 2002; Pelletier, 
2010). 

 

 

Key Measures 

Sediment quality criteria and indices 

The sediment quality criteria used in this document (TEL: threshold effect level) are 
taken from Environment Canada and ministère du Développement Durable, de 
l’Environnement et des Parcs du Québec (2007). They are defined on the basis of 
observed biological effects on benthic and pelagic organisms and contaminant 
concentrations measured in sediment. 

The quality indices are calculated by dividing the measured concentration of each 
substance (mercury, metals, PCBs, dioxins, furans and PAHs) in each sample by the 
TEL quality criterion for the substance in question. An index higher than 1 indicates that 
the concentration exceeds the criterion and that effects may be observed on organisms, 
whereas an index lower than 1 indicates that sediment quality is good. For PAHs and 
for metals, with the exception of mercury and nickel, average quality indices were 
calculated. 

The overall indicator status is based on the proportion of uncontaminated sites and 
contaminated sites relative to the total number of sites characterized. This proportion 
defines an overall status that ranges from good to poor quality. 
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Sediment Quality of Lake Saint-François 

 

Overview of the Situation in 2018 
 
Contamination of the surface sediments 
in Lake Saint-François occurred during 
the first half of the 20th century after a 
number of industrial plants were built in 
Cornwall, Ontario, and Massena, USA. 
 

In the upstream sector of the lake, the 
north shore was heavily contaminated 
with mercury, whereas the south shore 
received large inputs of PCBs (Pelletier 
and Lepage, 2002).  
 
 

Mercury  
Of the 62 surface sediment samples 
collected from the lake in 2018, 20% 
showed mercury concentrations 
exceeding the threshold effect level 
(TEL). These contaminated samples 
were mainly collected in the upstream 

portion of the lake, near Cornwall and 
north of the Seaway. The highest 
concentration recorded in this area is 
1.7 µg/g (figure 2), while the median 
concentration is well below the TEL 
criterion of 0.05 µg/g, indicating a good 
recovery of the surface sediments.

 
 

 
 

Figure 2. Mercury concentrations in surface sediments of  
Lake Saint-François in 2018 
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Metals  
The metals index is a composite index 
composed of six metals: copper, zinc, 
lead, cadmium, arsenic and chromium. 
Nickel is not included in the calculation of 
the index because there is no TEL 
criterion for this element.  
The median value of the metals index is 
0.39 which is well below the value of 1, 

indicating a sediment contamination level 
that could affect aquatic wildlife. The 
highest concentrations of metals, 
primarily arsenic, lead and zinc, are 
present in the upstream and downstream 
portions of the lake (figure 3). 

 
Figure 3. Metals index for surface sediments of Lake Saint-François in 2018

 
Polychlorinated biphenyls (PCBs)  
PCBs were analyzed in 30 of the surface 
sediment samples, thus slightly over 50% 
of the samples collected. Thirty-six 
percent of the samples exceeded the TEL 
quality criterion of 34 ng/g with a median 
value of 26.3 ng/g for the lake as a whole. 
However, the median value was much 
higher in the southern sector, at 90.0 
ng/g. The highest PCB concentrations 
were measured in the Cornwall marina 
(440 ng/g) and on the south side of the 
lake near Massena, USA, as well as  
 
 

 
between Christatie Island and Dupuis 
Point (1,328 and 1,842 ng/g) (figure 4).  
It should be noted that for samples with 
the highest concentrations of PCBs, 
distribution patterns of PCB congeners 
differ completely between the south 
shore (Massena area) and the north 
shore (Cornwall area) (figure 5), which 
allows us to conclude that these PCBs 
come from different sources. Whereas 
PCBs detected on the south side of the 
lake originate from the Massena 
industrial area, those measured in the 
Cornwall marina do not, although their 
exact origin is unknown.   



 

 

 
 

Figure 4. Concentration of total PCBs in surface sediments of 
Lake Saint-François in 2018 

 

 
 

Figure 5. Distribution patterns of PCB congeners in samples with the highest 
concentrations from the upstream sector of the lake 
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Polycyclic aromatic hydrocarbons (PAHs) 

The PAH index is a composite index 
comprising 13 PAHs for which quality 
criteria exist. In 2018, surface sediments 
in the lake had a median PAH index value 
of 0.79, indicating a low level of 
contamination overall. The highest PAH 
concentrations are mainly located in the 
upstream sector of the lake (figure 6). 
Whereas samples collected north of the 
Seaway contained high concentrations of 

benzo(a)anthracene and phenanthrene, 
samples collected from the south side 
contained both of these PAHs as well as 
dibenzo(a,h)anthracene. While PAHs 
occur naturally, can be produced during 
the combustion of organic matter and can 
be released by hydrocarbons, it is highly 
likely that the PAHs measured here 
originated from the remobilization of older 
sediment present in the environment.

 

 
 

Figure 6. PAH index for Lake Saint-François surface sediments in 2018 
 
Dioxins and furans 

Dioxins and furans are not industrially 
manufactured organic substances. They 
are formed during the incomplete 
combustion of PBCs or large-scale 
incineration of municipal and medical 
waste. Concentrations of dioxins and 
furans are expressed as toxic equivalents 
for fish because of their high toxicity and 
the harmful effects they cause to the 
aquatic environment.  
 

 
In 2018, over 60% of surface sediment 
samples from the lake contained 
concentrations of dioxins and furans that 
were above the TEL quality criterion 
(figure 7). These high concentrations are 
not sector-specific. They are lake-wide 
and occur as diffuse substances in the 
environment, and may originate from the 
atmosphere. 
 



 

 

 
 

Figure 7. Dioxin and furan concentrations in surface sediments of 
Lake Saint-François in 2018 

 
Polybrominated diphenyl ethers (PBDEs) 
Research on polybrominated diphenyl 
ethers in the environment is relatively 
recent and these compounds have only 
been included in the ECCC monitoring 
Program since the early 2000s. PBDEs 
have been widely used in plastics and 
other materials as a flame retardant. 
They are similar in structure to PCBs, 
they are persistent and can have 
deleterious effects on aquatic wildlife.  
In 2018, high levels of PBDEs were 
recorded in two areas of Lake 

Saint-François: upstream, near Cornwall 
and Massena, and downstream, near 
Valleyfield (figure 8). The BDE-209 
congener, which contains 10 bromine 
atoms, constitutes over 90% of the total 
PBDEs present in the lake. BDE-209 is 
less toxic than BDE-99 and BDE-100; 
however, the latter two congeners are 
present in the lake in only very small 
amounts and never exceed the federal 
environmental quality guideline value of 
0.4 ng/g.
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Figure 8. PBDE concentrations in surface sediments of  
Lake Saint-François in 2018 

 

Long-term Trend 
 
The assessment of the long-term trend in 
surface sediment quality in Lake Saint-
François is based on the results obtained 
during the monitoring campaigns that 
have been conducted since 1989. 
Table 1 presents the median values for 
the different substances, the metals index 
and the PAH index, as well as the 
corresponding TEL criteria. The levels of 

a number of substances vary between 
different monitoring campaigns but fall 
within the range of analytical variability 
and the natural range of variability for 
field-collected sediments. The 
abbreviation n.s. denotes non-significant 
variations. 
 

 
Mercury and metals 
Over the last 30 years, concentrations of 
mercury, copper, zinc, lead and arsenic in 
the northern sector of the lake have 
shown a significant decline of over 50% 
in their median values. The variations 
observed for nickel, chromium and 
cadmium are non-significant and relate 
mainly to changes in analytical methods. 
With regards to the southern sector which 
was less affected by industrial waste 
discharges of metal during the 1990s 
(Pelletier and Lepage, 2002), only 

mercury and lead have shown a 
significant decline in their median values 
over the last 30 years.  
For the lake as a whole, the most 
significant decreases were observed for 
mercury (67%) and lead (63%). The 
decrease in mercury is linked to 
environmental measures that were 
introduced in the mid-1970s, which 
prohibited releases of mercury. The 
decrease in lead may be linked to the ban 
on the use of leaded fuel.  
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Table 1. Median concentrations between 1989 and 2018, and 30-year trend for the 
different substances analyzed in Lake Saint-François sediments 
 

Sampling Year n 

Median Concentrations (µg/g) 
Metals 

Index Hg  Cu  Zn  Pb  As  Cd  Ni  Cr  

Lake Saint-François (northern and southern sectors) 

1989 66 0.15 19.5 81.0 21.1 3.7 0.51 9.3 7.3 0.61 

1999 83 0.07 12.0 57.0 10.3 2.0 0.40 11.0 14.0 0.42 

2008 53 0.06 16.0 71.0 11.3 3.0 0.40 12.1 21.0 0.54 

2018 62 0.05 10.1 55.1 7.9 2.6 0.30 9.7 12.8 0.39 

% of variation, 30 years -67 n.s. -32 -63 n.s. n.s. n.s. n.s. -36 

Northern sector of Lake Saint-François 

1989 25 0.30 25.7 182.0 25.2 4.7 0.52 11.2 8.6 0.86 

1999 35 0.16 15.5 62.5 11.5 2.0 0.40 12.0 16.0 0.52 

2008 24 0.10 17.5 80.0 12.6 3.0 0.35 13.4 22.5 0.61 

2018 29 0.09 10.1 45.4 6.9 2.3 0.20 9.5 12.8 0.36 

% of variation, 30 years -70 -61 -75 -72 -51 n.s. n.s. n.s. -58 

Southern sector of Lake Saint-François 

1989 41 0.12 15.2 60.4 16.9 3.0 0.49 8.0 6.6 0.47 

1999 48 0.06 11.5 52.0 9.5 2.0 0.40 9.6 12.0 0.41 

2008 29 0.05 14.0 68.0 9.6 3.0 0.40 11.5 21.0 0.48 

2018 33 0.04 10.0 58.4 9.0 2.6 0.30 10.1 13.0 0.42 

% of variation, 30 years -65 n.s. n.s. -47 n.s. n.s. n.s. n.s. n.s. 
           

TEL criterion   0.17 36 120 35 5.9 0.6 n.d. 37 1.0 

 

Sampling Year n 

Median Concentrations 

PCBs (ng/g) 
 PAH 

Index 

Dioxins & Furans 

(pg TEQ/g) 

PBDEs 

(ng/g) 

Lake Saint-François (northern and southern sectors) 

1989 66 31.6 1.18   

1999 20 39.7 0.46   

2008 30 43.8 0.45  2.58 

2018 30 26.3 0.79 2.22 2.50 

% of variation, 30 years n.s. -33 n/a n/a 

Northern sector of Lake Saint-François 

1989 25 21.4 1.22   

1999 9 29.3 0.42   

2008 11 15.8 0.45  2.29 

2018 13 19.7 0.81 4.44 2.50 

% of variation, 30 years n.s. -34 n/a n/a 

Southern sector of Lake Saint-François 

1989 41 71.1 1.16   

1999 11 46.9 0.46   

2008 19 69.6 0.46  2.73 

2018 17 90.0 0.78 1.00 2.50 

% of variation, 30 years +27 -33 n/a n/a 
      
TEL criterion   34 1.0 0.85 n.d. 

n: number of samples;  n.s: non-significant;  n.d.: not determined;  n/a: not applicable 
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PCBs and PAH index 
The variations in median concentrations 
of PCBs are non-significant and remain 
within the range of analytical variability, 
except for an increase of 27% in the 
southern sector. The median 
concentrations in the southern sector 
exceed the TEL quality criterion, which 
may indicate reworking of sediments by 
human activities or release of PCBs into 
the lake from contaminated soils 
surrounding the industrial plants in 
Massena.  

The PAH index calculated in 2018 shows 
a 33% decline in the median 
concentration of PAHs relative to the 
1989 index. However, the median 
concentration has increased significantly 
in the last 10 years, from 0.45 to 0.79. 
Samples with the most significant 
increase in PAH concentrations also had 
high concentrations of PCBs. The 
increase in concentrations of PAHs may 
also be attributable to the release of 
contaminants from soils or to reworking of 
sediments.

 
Dioxins, furans and PBDEs 
Concentration trends for dioxins and 
furans could not be identified as these 
pollutants have not been systematically 
analyzed until recently. However, the 
median concentrations of these 
substances are much higher than the 
TEL quality criteria, which indicates that 
they should be included in analyses from 
future surface sediment samples taken in 
this lake.  

PBDEs have been monitored since the 
mid-2000s. A slight increase in the 
median concentrations of PBDEs has 
been observed in the northern sector of 
the lake, in contrast with a slight decline 
in the southern sector. These 
non-significant differences reflect a 
stable trend for these substances. 

 

Outlook 

Concentrations of toxic substances (e.g. mercury and other metals) resulting from the 
industrial boom in the middle of the 20th century have declined significantly in the surface 
sediments of Lake Saint-François. In contrast, PCB and PAH levels remain worrisome, 
given the increasing trends recorded in recent decades, particularly in the upstream sector 
to the south of the Seaway. Although it is not possible to identify a trend for dioxins and 
furans, these substances remain of concern given their elevated concentrations in the 
lake’s sediments.  
  
Sediment quality in Lake Saint-François has been classified as moderate owing to the 
concentrations of organic contaminants measured in the upstream sector of the lake. 
Environmental monitoring remains necessary in order to measure the trend over the 
coming decades. 
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State of the St. Lawrence Monitoring Program 
Five government partners—Environment and Climate Change Canada; Fisheries and 
Oceans Canada; Parks Canada; the ministère de l’Environnement et de la Lutte contre les 
changements climatiques du Québec; and the Ministère des Forêts, de la Faune et des Parcs 
du Québec—and Stratégies Saint-Laurent, a non-governmental organization that works 
actively with riverside communities, are pooling their expertise and efforts to provide 
Canadians with information on the state of the St. Lawrence and the long-term trends 
affecting it.  
 
For more information about the State of the St. Lawrence Monitoring Program, please 

consult our website: http://planstlaurent.qc.ca/en/state_monitoring.html.  
 

http://planstlaurent.qc.ca/en/state_monitoring.html
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