
Assessment of biomarkers for contaminants of emerging concern on
aquatic organisms downstream of a municipal wastewater discharge☆

Edyta J. Jasinska a, Greg G. Goss a,⁎, Patricia L. Gillis b, Glen J. Van Der Kraak c, Jacqueline Matsumoto c,
AndersonA. de SouzaMachado d,MarinaGiacomin d, ThomasW.Moon e, AndreyMassarsky e, Francois Gagné f,
Mark R. Servos g, Joanna Wilson h, Tamanna Sultana i, Chris D. Metcalfe i

a Department of Biological Sciences, University of Alberta, Edmonton, AB, Canada
b Aquatic Contaminants Research Division, Water Science and Technology Directorate, Environment Canada, Burlington, ON, Canada
c Department of Integrative Biology, University of Guelph, Guelph, ON, Canada
d Instituto de Ciências Biológicas, Universidade Federal de Rio Grande, Rio Grande, Brazil
e Department of Biology and Centre for Advanced Research in Environmental Genomics, University of Ottawa, Ottawa, ON, Canada
f Aquatic Contaminants Research Division, Water Science and Technology Directorate, Environment Canada, Montreal, QC, Canada
g Department of Biology, University of Waterloo, Waterloo, ON, Canada
h Department of Biology, McMaster University, Hamilton, ON, Canada
i Water Quality Centre, Trent University, Peterborough, ON, Canada

H I G H L I G H T S

• Fish and mussels were caged up- and down-stream of wastewater treatment discharge.
• The aim was to determine the best biomarkers for contaminants of emerging concern.
• Several emerging contaminants were elevated downstream of wastewater discharge.
• Biological effects were measured downstream of wastewater discharge.
• Biomarkers of emerging contaminants were elevated in fish exposed to effluent.
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Contaminants of emerging concern (CECs), including pharmaceuticals, personal care products and estrogens, are
detected inwastewater treatment plant (WWTP) discharges. However, analytical monitoring of wastewater and
surface water does not indicate whether CECs are affecting the organisms downstream. In this study, fathead
minnows (Pimephales promelas) and freshwater mussels Pyganodon grandis Say, 1829 (synonym: Anodonta
grandis Say, 1829) were caged for 4 weeks in the North Saskatchewan River, upstream and downstream of the
discharge from theWWTP that serves the Edmonton, AB, Canada. Passive samplers deployed indicated that con-
centrations of pharmaceuticals, personal care products, an estrogen (estrone) and an androgen (androstenedi-
one) were elevated at sites downstream of the WWTP discharge. Several biomarkers of exposure were
significantly altered in the tissues of caged fathead minnows and freshwater mussels relative to the upstream
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reference sites. Biomarkers altered in fish included induction of CYP3A metabolism, an increase in vitellogenin
(Vtg) gene expression in male minnows, elevated ratios of oxidized to total glutathione (i.e. GSSG/TGSH), and
an increase in the activity of antioxidant enzymes (i.e. glutathione reductase, glutathione-S-transferase). In
mussels, there were no significant changes in biomarkers of oxidative stress and the levels of Vtg-like proteins
were reduced, not elevated, indicating a generalized stress response. Immune function was altered in mussels,
as indicated by elevated lysosomal activity per hemocyte in P. grandis caged closest to thewastewater discharge.
This immune response may be due to exposure to bacterial pathogens in the wastewater. Multivariate analysis
indicated a response to the CECs Carbamazepine (CBZ) and Trimethoprim (TPM). Overall, these data indicate
that there is a 1 km zone of impact for aquatic organisms downstream of WWTP discharge. However, multiple
stressors in municipal wastewater make measurement and interpretation of impact of CECs difficult since
water temperature, conductivity and bacteria are also inducing biomarker responses in both fish and mussels.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Contaminants of emerging concern (CECs) have been detected in
discharges from municipal wastewater treatment plants (WWTPs)
and these include pharmaceuticals, personal care products and estro-
gens (Anderson et al., 2003; Metcalfe et al., 2003; Carballa et al., 2004;
Servos et al., 2005; Lishman et al., 2006; Chen et al., 2006; Brun et al.,
2006; Kerr et al., 2008; Yargeau et al., 2008;Metcalfe et al., 2010). Direct
water analysis monitoring of CECs in receiving waters is expensive and
does not provide direct information on the biological impacts of expo-
sure to these contaminants (Hecker and Hollett, 2009). Monitoring bio-
marker expression in aquatic organisms can be an effective way to
evaluate whether CECs in wastewater effluents affect the receiving en-
vironment. Biomonitoring has many advantages: it integrates the re-
sponse temporally, accounts for bioavailability and more directly
assesses exposure under ambient conditions (Schmitt and Dethloff,
2000). In rivers, caging appropriate organisms provides consistent and
reliable sample numbers with a defined exposure.

Widespread sexual disruption and reduced fertility in wild fish was
studied and documented downstream of wastewater effluents
(Jobling et al., 1998, 2002). More recent studies of fish endocrine re-
sponses to wastewater include intersex (occurrence of ova-testes)
(Bahamonde et al., 2013), altered gene expression and physiology (al-
tered steroid production) (Bahamonde et al., 2014; Tanna et al., 2013;
Tetreault et al., 2011). These responses, including induction of vitello-
genin (Vtg) are consistentwith the exposure offish to anenvironmental
estrogen (17α-ethinylestradiol) that led to a population collapse of fat-
head minnows (Pimephales promelas) during a whole lake experiment
(Kidd et al., 2007, 2014). Larsson et al. (1999) found distinct induction
of Vtg in caged juvenile rainbow trout (Oncorhynchus mykiss) down-
stream of Swedish sewage treatment works. Harries et al. (1997)
found estrogenic activity in caged rainbow trout downstreamof sewage
treatmentworks in the UK. Ings et al. (2011, 2012) observed changes in
gene expression and stress responses in juvenile rainbow trout exposed
to a tertiary treated wastewater plant in Ontario. Cazenave et al. (2014)
observed activation of antioxidant enzymes and lipid oxidative damage,
among other biomarkers of fish health in a neotropical fish species
caged downstream of wastewater discharges in Argentina.

In mussels, likewise, biomarker responses to CECs have been ob-
served. Gagné et al. (2004) observed several biomarker responses in
freshwater mussels (Elliptio complanata) caged for a year downstream
of a municipal WWTP that indicated exposure to both estrogenic and
serotonergic compounds. In marine mussels (Mytilus edulis) collected
from intertidal regions impacted by municipal wastewater, biomarker
responses included reduced levels of Vtg-like proteins in females and el-
evated lipid content in males (Hellou et al., 2003). Gillis et al. (2014a)
observed induction of oxidative stress biomarkers and modulation of
immune function in freshwater mussels (Lasmigona costata) caged in
a river influenced by wastewater. Bianchi et al. (2014) found that in
the freshwater mussel, Diplodon chilensis, gGST and gCAT were suitable
biomarkers for high fecal bacteria pollution.

In a survey of pharmaceuticals and endocrine disrupting compounds
(EDCs) in Alberta, Canada, measurable concentrations of a number of
EDCs were identified in the treated effluents from the Gold Bar WWTP
(serves the City of Edmonton). These EDCs included estrone, bisphenol
A andnonyphenol (Sosiak andHebben, 2005). Therefore, aquatic organ-
isms in theNorth Saskatchewan River (NSR) downstreamof thisWWTP
discharge could be impacted by exposure to EDCs and other contami-
nants released in the treated effluent. However, sampling of fish and
mussels at this site would be very difficult because of the nature of the
plume and river volume and velocity. Caging studies are particularly
useful because natural exposure gradients can be studied by placing
cages at varying distances downstream from the source of contamina-
tion andupstreamsites can beused for reference locations. This strategy
has been used in variety of studies to examine the effects environmental
contamination and responses in organisms to exposure to municipal
wastewaters (e.g. Stien et al., 1998) seldom, however, with both fish
and bivalves exposed at the same time.

In this study, we used an essentially sedentary invertebrate species
(freshwater mussel) and a highly mobile vertebrate (fathead minnow)
to increase the likelihood of identifying sensitive and robust biomarkers
of CECs downstreamof the discharge from theGold BarWWTP. Fish and
mussels were caged for 4 weeks at sites over an exposure gradient
downstream of the WWTP discharge, as well as at two upstream refer-
ence sites. Biological effects in caged fish and mussels were assessed
using biomarkers of oxidative stress, immunomodulation and endo-
crine disruption, as well as induction of the microsomal Phase I detoxi-
fication enzymes, CYP3A and CYP1A1, two enzyme activities involved in
metabolism of pharmaceuticals, polycylic aromatic hydrocarbons and
coplanar polychlorinated biphenyls. In addition, passive samplers
were deployed in the river at the fish and mussel caging sites to assess
the distributions of selected CECs in the receiving waters.

2. Materials and methods

2.1. Study sites

The study sites were located upstream and downstream of the efflu-
ent discharge from the Edmonton Power Corporation (EPCOR) Gold Bar
WWTP that serves the city of Edmonton. The WWTP serves approxi-
mately 730,000 people and has an average daily flow of 255 ML/day. It
has tertiary treatment facilities for biological nutrient removal and UV
disinfection. Full operating conditions can be found at: http://corp.
epcor.com/watersolutions/operations/edmonton/goldbar/pages/gold-
bar-wastewater-treatment-plant.aspx.

The satellite imagery of the study area obtained using Google Earth
(taken in 14 Sep 2008) showed a dark effluent plume on the south
side of the river that extended at least 10 km downstream of the
WWTPdischarge. Two reference sites, NSR1 andNSR2,were established
on the south side of the river, 1.25 and 1.10 km, respectively upstream
of theWWTP discharge. There are noWWTPs upstreamof the reference
sites, only stormwater inputs. Downstream of the WWTP discharge
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