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A NEW APPROACH FOR DETECTING THE EFFECTS OF MUNICIPAL
EFFLUENTS: EVALUATING IMPACTS OF A MAJOR EFFLUENT ON
YELLOW PERCH IN THE ST. LAWRENCE RIVER

The St. Lawrence River: a major recipient of wastewater

The St. Lawrence River has the largest Plow of any watercourse in Canada. |6 carries water from its source in
the Great Lakes all the way to the Atlantic Ocean, and its drainage basin covers roughly 1 million km2™ Many
municipalities draw their drinking water Prom the river and empty their wastewater into it or one of its
tributaries. The largest wastewater treatment station in North America is in Montréal. Every day, the station
handles between 2.5 and 7.6 million m? of water, which it empties into the river at the east point of the island.?

UBIQUITOUS CONTAMINANTS

Urban efrluents are continuously emptying contaminants into the aquatic environment.® In particular,
these ePfluents contain the Pollowing:

+  Perfluorinated compounds, used For waterproofing, and Por stain-resistant substances in many items
such as paper and cardboard Por Food packaging, Fabrics, carpeting and Purnicure. Many of these
substances are persistent in the aquatic ecosystem.”!

+ Fire retardants, whose properties prevent Rire from spreading. These compounds are mainly Pound in
computers, fabrics, mattresses and upholstered Purniture. They are persistent, and many are present
in the environment in increasing concentrations.”

+ Metals and trace elements naturally occurring in ecosystems. Their toxicity varies depending on their
nature. Alchough some are essential to living organisms, they can become toxic due to excessive
concentrations or environmental characteristics. Industrial efrluents that are Pound in urban
wastewaters are the main anthropogenic source of metals contamination For the St. Lawrence River.®©

Contaminants fFrom municipal ePRluents create negative efPects on aquatic organisms and disrupt many of
their biological Punctions.
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EFFECTS ON
AQUATIC ORGANISMS

Examples of the effects of exposure of certain species
of fish to City of Montréal municipal effluents!”- 2

SPECIES EFFECT

Spottail Shiner

Rainbow Trout Changes in immune Punctions

Chemical concaminants exhibit a complex dynamic in
ecosystems. To better manage the risk associated

with these compounds, it is essential to determine
their presence and source, and to assess their
biological eRrects on aquatic organisms.

The Yellow Perch (Perca Flavescens) is indigenous

to the St. Lawrence River and is Pound in

many sections of the watercourse, including

A USEFUL SUBJECT OF STUDY

the dispersion plume created by the
discharges Prom the City of Montréal’s
wastewater treatment station. In 2012,

a Rive-year moratorium was imposed on
commercial and sport Pishing of Yellow
Perch Por a large portion of the river.t?
The moratorium was triggered in response
to a drop in the Yellow Perch population

in Lake St. Pierre, located about 100 km
downstream Prom Montréal. The species’
wide distribution and its precarious
sicuation made it the ideal candidate For a
toxicology study on the impact of municipal
ePfluents on the species and For testing a
new approach Pocused on several biological
levels."! The study aimed to better
understand the stress Factors that can

impact Pish populations in the river.

The mulci-level approach that was
developed and tested as part of the study
allowed us to determine the concentration
OF the contaminants of interest in the

Imbalance in reproductive Punctions

ASSESSING THE EFFECTS

OF MUNICIPAL EFFLUENTS

Gissues of Yellow Perch, to measure the biological
responses associated with prolonged exposure to
efrluent Prom the City of Montréal and to assess
the correlations between these two parameters.
The Yellow Perch’s biological responses were
observed in relation to the species’ genes, enzyme
activicy and tissue status.

Yellow Perch specimens were collected at three
sites: one upstream and two downstream From the
City of Montréal's wastewater treatment station.
The upstream sice was located in the Boucherville
Islands, and the downstream sites were located

at flet Vert and ile Beauregard near Varennes.
Chemical analyses were conducted through a
collaboration becween government and university
researchers to determine the concentrations of
perfluorate compounds, Rire recardants, metals
and trace elements in whole Yellow Perch. Liver and
muscle Gissue samples were also taken to conduct
analyses at the genetic, cellular and tissue levels.

Through this study, it was possible to demonstrate
that municipal ePrluents have a real impact on the
health of Yellow Perch that are exposed to them.



RESULTS ACHIEVED

The complex mixture of organic substances in this
discharged water influences the diet and size of
Yellow Perch: those exposed to the efrluents eat

at lower trophic levels and weigh more than other
specimens of the same size. In addition, the ePfluents
are a major source of polybrominated diphenyl
ethers, Pire retardants (the production and use of
which are now regulated) and iron from iron chloride,
which is used in water treatment. These substances
were Pound in greater concentrations in the Yellow
Perch residing in the efrluent plume.

The expression of several genes in the livers of
Yellow Perch that were exposed to ePrluents

were significantly afrected by this exposure.

These genes were involved in the immune system,
lipid metabolism, retinol metabolism and the
detoxirication process. The affected biological
systems are essenctial, and their disruption can lead
Eo more serious, long-term consequences in PRish.

The Gissues of exposed Yellow Perch suPfered no
greater damage than those caught upstream From
the water treatment plant. However, inflammation
and lesions on tissue were observed at all capture
sices, which leads us to believe that other sources
of pollution are afrecting Yellow Perch.

Numerous statistical links were made between the
presence of contaminants and certain biological
responses. All of them support existing published
data and suggest that Puture studies are needed.

The immune system is essential to

A NEW APPROACH
FOR STUDIES ON ENVIRONMENTAL
CONTAMINANTS

The mulci-level biological approach that was used
is essential Go assessing the current impact of
contaminants on living organisms. Observing their
effects at various biological levels undoubtedly
allows us o uncover consequences that would not
have been detGected using traditional approaches.
Using the tools we developed, other studies on
the Yellow Perch were conducted to extend this
one, including certain studies that Focused more
specifically on the Yellow Perch population in

Lake St. Pierre.

defend against pathogenic
agents. A weakened immune
system renders the fish
vulnerable to bacteria, viruses
and fungi.l'?

Lipid metabolism creates
the lipids that are essential

to fish, since such metabolism
is involved in the production
of long-term energy.!'3 4

Retinol is an active form of
vitamin A, which plays a role
in vision, the immune system
and the formation of red
blood cells.l'%]

Detoxification is the process
by which the body eliminates
all toxic substances, such as
toxins and metals.['®

HO¥3d MOTI13A JHL 4O TVAIAINS FHL OL TVILNISST AV 1VHL

$3SS3100dd TVIID01014




[1] Marsh, J.H. «Fleuve Saint-Laurent.» The Canadian Encyclopedia.
Historica Canada, 2014. www.thecanadianencyclopedia.ca/
fr/article/st-lawrence-river/ Page accessed on
November 5, 2014.

[2] Ville de Montréal. «<L'eau de Montréal - Station d’épuration.» Ville de
Montréal, 2014. http://ville.montreal.qc.ca/portal/page?_
pageid=6497,54345571&_dad=portal&_schema=PORTAL
Page accessed on November 5, 2014.

[3] Chambers, P.A., Allard, M., Walker, S.L., Marsalek, J., Lawrence, J.,
Servos, M., et al. “Impacts of municipal wastewater effluents
on Canadian waters: a review.” Water Qual Res J., 1997. 32:
659-713.

[4] MDDELCC. “Les composés petfluorés dans les cours d’eau et I'’eau
potable du Québec méridional.» Quebec City: MDDELCC,
Direction du suivi de I’état de I’environnement, 2012. ISBN
978-2-550-65565-7 (PDF), 35 p. and 2 appendices.

[5] Centre d’expertise en analyse environnementale. <Le CEAEQ analyse
de nouvelles substances : les composés retardateurs de
flamme.» Quebec City: MDDELCC, 2010. www.ceaeq.gouv.
gc.ca/analyses/nouv_para_org.htm Page accessed on
November 5, 2014.

[6] MDDELCC. “Portrait de la qualité des eaux de surface au Québec
1999-2008.» Quebec City: Direction du suivi de I’état de
I’environnement, 2012. ISBN 978-2-550-63649-6 (PDF), 97 p.

[7]1 Aravindakshan, J., Paquet, V., Gregory, M., Dufresne, J., Fournier,
M., Marcogliese, D.J., et al. “Consequences of xenoestrogen
exposure on male reproductive function in spottail shiners
(Notropis hudsonius).” Toxicol Sci, 2004. 78: 156-65.

[8] Salo, H., Hebert, N., Dautremepuits, C., Cejka, P., Cyr, D. and
Fournier, M. “Effects of Montreal municipal sewage effluents
on immune responses of juvenile female rainbow trout
(Oncorhynchus mykiss).” Aquat Toxicol, 2007. 84: 406-14.

[9] Hébert, N., Gagné, F., Cejka, P., Cyr, D., Marcogliese, D.J., Blaise, C.,
et al. “The effects of a primary treated municipal effluent on
the immune system of rainbow trout (Oncorhyncus mykiss):
exposure duration and contribution of suspended particles.”
Comp Biochem Physiol C., 2008: 148, 258-64.

[10] de la Cheneliére, V., Brodeur, P. and Mingelbier, M. «Restauration
des habitats du lac Saint-Pierre : un prérequis au
rétablissement de la perchaude.» Le naturaliste canadien,
2014. 138, no. 2: 50-61.

I*I Environment Environnement
Canada Canada

Développement durable,
Environnement et Lutte
contre les changements
climatiques

4
Québec

[11] Houde, M., Giraudo, M. Douville, M., Bougas, B., Couture, P., De
Silva, A.O., Spencer, C., Lair, S., Verreault, J., Bernatchez,
L. and Gagnon, C. “A multi-level biological approach to
evaluate impacts of a major municipal effluent in wild St.
Lawrence River Yellow Perch (Perca flavescens).” Science
of the Total Environment, 2014: 497-498, p. 307-318.

[12] PetMD. “How a fish’s immune system works.” PetMD, 2014.
www.petmd.com/fish/care/evr_fi_fish_immune_system
Page accessed on November 5, 2014.

[13] Ophardt, C.E. “Lipid Catabolism Summary.” Virtual Chembook,
Elmhurst College, 2003. www.elmhurst.edu/~chm/
vchembook/622overview.html Page accessed on
November 6, 2014.

[14] Halver, J.E. “Lipid and fatty acids.” FAO Corporate document
repository, University of Washington, 2014. www.fao.org/
docrep/x5738e/x5738e05.htm Page accessed
on November 6, 2014.

[15] Anonymous. “Carotenoid Oxygenase.” Interpro. www.ebi.ac.uk/
interpro/potm/2005_6/Page2.htm Page accessed
on November 6, 2014.

[16] Larousse. «Détoxification.» Larousse medical, Encyclopédie
Larousse, 2014. www.larousse.fr/encyclopedie/medical/
d%C3%A9toxication/12491 Page accessed on
November 6, 2014

Written by:

Laurie-Anne Bourdon
St. Lawrence Action Plan Coordination Office

For more information, consult the original article published in
Science of the Total Environment, 497-498 (2014), p. 307-318:
“A multi-level biological approach to evaluate impacts of a
major municipal effluent in wild St. Lawrence River Yellow Perch
(Perca flavescens)”. Visit the St. Lawrence Action Plan Web site
at www.planstlaurent.qc.ca
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