PBDE, contaminants of emerging concern
accumulating in St. Lawrence food web
Based on recent results from joint research carried out by Environment and Climate
Change 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, industrial chemicals, specifically, polybrominated diphenyl ethers
(PBDEs), are accumulating in aquatic organisms in the St. Lawrence River.

PBDEs are a group of 209 chemical compounds (congeners) that are grouped in
10 bromination levels (from mono to deca) based on the number of bromine
atoms they contain. These compounds were used as flame retardants in the
manufacture of a wide variety of plastics and textiles. In Canada, the Prohibition
of Certain Toxic Substances Regulations, 2012 prohibits the import,
manufacture, use, sale and offer for sale of PBDEs, and products containing
them, with a limited number of exemptions. This prohibition has been in effect
since December 23rd, 2016.
PBDEs have been detected in the environment and are persisting in aquatic
ecosystems to the point that they are accumulating in the food web. These
chemical substances are recognized as endocrine disruptors which act like
hormones and can cause malformations and reproductive system problems in
certain aquatic species. For more information on PBDEs, visit the website of
Environment and Climate Change Canada.
The purpose of this fact sheet is to describe the bioaccumulation and
biomagnification of PBDEs in the St. Lawrence food web. This document focuses
solely on pentaBDE, for which 96% of the concentrations measured in Lake
Saint-Pierre sediments in 2013 exceeded the Environment Canada quality
guidelines. The other BDEs rarely exceed the corresponding guidelines.

PBDEs are hydrophobic and persistent chemicals that bind to
suspended particles and are absorbed by living organisms
primarily through their food.
Due to their chemical and physical properties, PBDEs bind strongly to suspended
particles in the water originating from bank and bed erosion in the St. Lawrence and its
tributaries, as well as from urban and industrial discharges. Some benthic organisms
living in close contact with sediments, along with organisms that filter suspended
sediments, are known to bioaccumulate toxic substances, including PBDEs.

Did you know?
Fine suspended particles that are present in the upper part of the water column
near the surface are called suspended matter. This suspended material is generally
captured by large filters during water filtration. Coarser suspended particles that
concentrate in the lower part of the water column near the bottom sediment may
also be called suspended sediment; they are usually captured by sediment traps
placed on the bottom.

PBDEs are detected at all levels of the St. Lawrence food web
Since urban effluents are recognized as one of the main sources of PBDEs in the
environment, samples of surface sediment and suspended matter were collected both
upstream and downstream from the discharge point of Montreal urban effluents in 2010
and 2011. Fish (Yellow Perch, White Sucker and Round Goby), macroinvertebrates
including Chironomids, Oligochaetes and Gammarids, Zera Mussels and Crayfish, as
well as birds’ eggs (Herring Gull, Ring-billed Gull and Great Blue Heron), were collected
near the sediment sampling sites.
The samples were analyzed in order to detect the presence of PBDEs (28 congeners) in
the food web and to determine whether the wastewater discharges from Montreal City
had an effect on the concentrations measured.
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Figure 1. Location of the sampling sites in relation with ecosystem’s components
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Higher concentrations of pentaBDE in particles and suspended
sediment of the St. Lawrence River
Based on the analysis results, the median concentrations of pentaBDE (BDE85, BDE99,
BDE100, BDE119 and BDE126) were about three to four times higher in the suspended
matter and suspended sediment samples collected downstream from the City of
Montreal effluent discharge point than in the corresponding samples collected from
upstream sites. The highest concentrations, reaching over 70 ng/g, were found in
samples of suspended matter, whereas very low concentrations were found in bottom
sediments, even near the effluent discharge point, because of the presence of currents
that prevented sediment deposition. The difference between upstream and downstream
concentrations of urban effluent and the decrease in concentrations with increasing
distance from the discharge point indicates that wastewater discharges represent a
significant local source of pentaBDE in the St. Lawrence River and that the river has a
fairly strong dilution capacity.

Figure 2. Concentrations of pentaPBDE in suspended matter and sediments according to
an upstream-downstream gradient
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Transfer of Contaminants in the Food Web
The St. Lawrence River is home to numerous species that interact within food web.
Predator-prey interactions form a veritable network in which each predator consumes
several types of prey, and each prey species has several predators.

When persistent contaminants enter the aquatic environment, organisms that are
exposed to them are likely to absorb and accumulate these contaminants through the
process of bioaccumulation. The increase in the concentrations of a contaminant in
organisms at successively higher tropic levels is called biomagnification. Benthic
organisms— insects, worms and filter-feeding molluscs that live in or on sediment—
bioaccumulate contaminants that are present in suspended sediments or in other
invertebrates on which they feed. In turn, these benthic organisms are consumed by
a variety of predators and so the contaminants are transferred to the next trophic
level.
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Higher concentrations of pentaBDE in fish collected near the
effluent discharge point
The same observation can be made for the pentaBDE concentrations in fish: higher
concentrations were found downstream from, compared to upstream from, the
Montreal’s effluent, and the concentrations decreased with increasing distance from the
discharge point. The highest concentrations, about 20 ng/g, were found in Round Goby
and Yellow Perch near the outfall. These two species showed the highest level of
bioaccumulation, with a bioaccumulation level nearly five times higher than that for White
Sucker near the effluent discharge point and extending over a distance of more than 10
km downstream. The median pentaBDE concentrations exceeded the quality guideline
of 1 ng/g, which represents the probable adverse effects threshold for fish, over a
distance extending more than 10 km downstream from the discharge point (EC, 2011;
figure 3). Some of the differences in concentration of pentaBDE could be attributed to
the respective composition of their food diet.

Figure 3. Concentrations of pentaPBDE in fish according to an upstream-downstream
gradient
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Bioaccumulation and biomagnification of pentaBDE in the St.
Lawrence food web
The pentaBDE concentrations measured in the St. Lawrence food web downstream from
the Montreal effluent outfall showed that macroinvertebrates contained concentrations
that were nearly double those found in bottom sediments. Some fish species such as
Round Goby and Yellow Perch had pentaBDE levels that were more than 10 times
higher than those found in macroinvertebrates. Predators such as gulls and the Great
Blue Heron displayed pentaBDE concentrations 10 to 100 times greater than those
found in macroinvertebrates. This rapid increase in pentaBDE concentrations from lower
trophic levels to higher trophic levels is a good example of biomagnification.

Note: pentaBDE concentrations are expressed in ng/g dry weight for the abiotic elements and in ng/g wet weight for biota.

Figure 4. Comparison of the levels of pentaPBDE in the various compartments of the
environment

The concentrations measured in sediments occasionally exceeded the quality guideline
(0.4 ng/g dry weight) established for the protection of aquatic organisms. However,
owing to biomagnification the concentrations found in Round Goby and Yellow Perch
were much higher than the guideline of 1 ng/g wet weight, which is the probable adverse
effects threshold for fish. Similarly, the pentaBDE levels measured in gull eggs and
Great Blue Heron eggs greatly exceeded the guideline value of 29 ng/g wet weight
established for bird’s eggs (EC, 2011). A distinction must be made for the Ring-billed
Gull. In urban areas, this opportunistic bird species may feed in locations away from the
St. Lawrence, for example, at landfill sites, which are recognized as a significant source
of PBDEs (figure 4).
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Conclusion
This study shows that bioaccumulation and biomagnification of pentaBDE is occurring in
part of the food web downstream from the Montreal urban effluent outfall. In that area, a
rapid transfer can be seen in the concentrations of this contaminant at increasingly
higher trophic levels, as represented by macroinvertebrates, fish and bird’s eggs,
reaching concentrations that are markedly higher than the guidelines established for the
protection of aquatic fauna.
In addition, this research
shows that Round Goby, a
species newly introduced into
the St. Lawrence, tends to
bioaccumulate
as
much
pentaBDE as does Yellow
Perch, a native species. This
suggests that predatory fish
that
have
switched
to
consuming round goby as a
prey item instead of Yellow
Perch
may not
cause
changes in the level of
transfer of pentaBDE within
the food web.
Finally,
the
higher
concentrations
found
in
suspended
matter
and
suspended
sediments
compared
to
bottom
sediments suggest that the
most heavily contaminated
fine particles are transported
considerable distances and
eventually settle out in
calmer areas of the river
such as Lake Saint-Pierre or
the St. Lawrence estuary. It
should
be
noted
that
pentaBDE concentrations in
the water and sediments
increased rapidly between
1990 and the mid-2000s
(Pelletier
and
Rondeau,
2013),
whereas
the
pentaBDE concentrations in
Lake Saint-Pierre sediments
decreased by about 30%

Round Goby, a New Prey Species in the St.
Lawrence
This exotic fish species was first discovered in
the St. Clair River in Ontario in 1990 and has
invaded the Great Lakes and the St. Lawrence
River, where it has become established and
represents an important prey item for a number of
predators (Reyjol et al., 2010; Brodeur et al.,
2011; Paradis, 2018).

Round Goby (photo credit: Andrea Bertolo,
UQTR)
A study conducted between 1999 and 2010 on fish
caught in the St. Lawrence near Quebec City
revealed the Round Goby became a key prey item for
predatory fish as of 2004 (L’Hérault, 2013). Round
Goby is now routinely found in the stomach contents
of most specimens of predatory fish caught in the St.
Lawrence, including adult Yellow Perch, Smallmouth
Bass, Walleye and Sauger.

(Pelletier, 2018).
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