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List of Abbreviations Used
BAF

Bioaccumulation factor

°C

Degrees Celsius

CEC

Contaminants of emerging concern

DNA

Deoxyribose nucleic acid

EC10

10% effect concentration

EC50

Half maximal effect concentration

FLX

Fluoxetine

GLZ

Gliclazide

GU

Guanylurea

km

Kilometres

LC50

Median lethal concentration

LOEC

Lowest observed effect concentration

MF

Metformin

mg/L

Milligrams per litre

MIC

Microbial inhibitory concentration

ng/g

Nanograms per gram

ng/g wet wt

Nanograms per gram wet weight

ng/L

Nanograms per litre

NOEC
NRRT

No
observed
effect concentration
Neutral
red retention
time

PPCP

Pharmaceuticals and personal care products

RNA

Ribonucleic acid

SSRI

Selective serotonin reuptake inhibitor

WWTP

Wastewater treatment plant

5-HT

5-hydroxytryptamine, serotonin

µg/L

Micrograms per litre
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BACKGROUND OF REPORT:

The National Pollutant Release Inventory (NPRI) is Canada’s public inventory of
pollutant releases, disposals and transfers for recycling. It collects information on facility-based
releases to air, water and land, as well as disposals and transfers, of over 300 substances. The
data have been reported annually by facilities to the government, and are available to Canadians
through a portal and summary reports. This course is being organized in response to
Environment Climate Change Canada’s (ECCC) NPRI University Challenge which aims to
increase awareness of NPRI data within academic communities and expose new audiences to
NPRI data, tools, and analysis.
Discussions with ECCC and Health Canada identified three substances of interest:
Metformin, Gliclazide and Fluoxetine. ECCC provided concentration data of Metformin and
Fluoxetine from effluent of six wastewater treatment facilities across Canada (Shirley Anne
Smyth, unpub. data). Throughout the course, ECCC staff and scientists provided guidance on
how to conduct the literature review and to analyze the data. On April 11, 2019, we made a final
presentation to ECCC and Health Canada (via videoconferencing) at Canada Centre for Inland
Waters.
PART A:

Literature Review on effects of Metformin, Gliclazide and Fluoxetine on aquatic biota, and
their distribution in surface water
By: 1Maryanne Caluori, Samantha Lau, Sawsan Makhdoom, Elise Millar, Victoria Restivo,
and Alana Tedeschi
1All

authors contributed equally to this report

The prescription and use of pharmaceuticals and personal care products (PPCPs) is
growing worldwide and as a result, they are being detected in higher concentrations in
aquatic ecosystems. Since these drugs are designed to work in humans, their presence in
the aquatic ecosystem is of concern to biologists and environmental managers. Properties
of these chemicals include hydrophilicity, aqueous mobility, pH-variable activity, sorption,
bioactivity, bio-recalcitrance, and complex characteristics during drug-drug interactions
(Bradley, et al., 2016). Other negative properties of PPCPs in the aquatic environment
include their persistence, toxicity, resistance to antibiotics, ability to bioaccumulate and
acting as endocrine disruptors (Bradley, et al., 2016). Due to their prevalence and potential
risk to the aquatic environment, PPCPs are being considered contaminants of emerging
concern (CEC) and are moving into the forefront of scientific research.
1.0 Introduction to Metformin
In healthy people, high blood glucose levels trigger B-cells in the pancreas to release
insulin into the blood. The insulin is recognized by the liver and muscle where it is
converted from glucose to glycogen. Overall, this reduces blood glucose levels and less
insulin is produced. When there is low blood glucose, alpha-cells of the pancreas release
glucagon into the blood; the liver then converts stored glycogen to glucose, raising the
glucose levels to achieve normal blood glucose levels. In patients with Type 2 diabetes, the
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patient’s beta cells in the pancreas are still able to produce insulin, but their body is unable
to recognize and absorb the insulin produced. Due to this resistance to insulin, increased
amounts of insulin are released by the pancreas as a response, leading to gradual beta cell
deterioration.
Metofmin (MF) is a biguanide pharmaceutical primarily prescribed to patients
diagnosed with Type 2 diabetes and is administered orally in one to three doses ranging
from 500-2500 mg per day. 70% of the drug is absorbed in the intestine and some is
carried to the liver as well. In a study conducted in mice lacking the gene for the Organic
Cation Ttransporter 1 (OCT1), MF was not transported in sufficient quantity into the liver,
and was deemed ineffective in improving glucose levels in the blood (Wang et al., 2002).
MF acts to improve insulin sensitivity (Figure A1) by inhibiting complex 1 of the electron
transport chain, which can lead to decreased cellular adenosine triphosphate (ATP) while
activating the regulatory adenosine monophosphate kinase (AMPK). Activation of AMPK
results in the phosphorylation of metabolic enzymes and transcription factors that can
cause inhibition of gluconeogenesis, activation of glycolysis, promotion of fatty acid
oxidation, and improved insulin sensitivity. Furthermore, MF treatment alters the
expression of CYP17, a multifunctional oxidase enzyme important in steroid synthesis
(Viollet et al., 2012).
MF’s role in impacting steroidogenesis despite the fact that it does not resemble other
known endocrine disrupting compounds (EDC) suggests it may be a nontraditional EDC
(Blair et al., 2000, Niemuth & Klaper, 2015). Furthermore, MF has been used as a
treatment for polycystic ovary syndrome (PCOS), which is an endocrine disorder affecting
reproductive-age women. Additionally, MF has been prescribed to treat cardiovascular
disease, cancers where diabetes is a factor, and cancer reduction in type 2 diabetes patients
(Tang et al., 2012, Evans et al., 2005). Projections indicate that 642 million people will be
diagnosed with diabetes by 2040 and as a result of this growing incidence rate, along with
its other promising uses, will lead to increased MF prescription and consumption (IDF,
2015).
MF is thought to be one of the most abundant PPCPs by weight in the aquatic
ecosystem (Oosterhuis et al., 2013). This is largely due to the high rate of prescription, but
also because of its properties. MF is not biotransformed by humans, with 100% of this
drug excreted unchanged in urine (70%) and the rest through feces (30%) (Pentikainen et
al., 1979, Hardie, 2007, Oosterhuis et al., 2013). As such, large amounts of MF are excreted
by humans and transported to wastewater treatment plants (WWTPs). Dependent on the
type of WWTP, the influent can be treated to remove some or most of the MF before it is
discharged as effluent into receiving water bodies (i.e. stream, lakes, wetlands).
Unfortunately, despite advanced treatment methods, many PPCPs are not removed and are
discharged into aquatic ecosystems in varying amounts.
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Figure A1. The mechanism of action of the anti-diabetic drug, metformin, in
diabetes patients.
MF has been found in high concentrations in both effluent and surface waters of
receiving water bodies. As well, during aerobic degradation, a common wastewater
treatment method, MF is also transformed into guanyl urea (GU), a compound which has
also been found in high concentrations in both effluent and surface waters. Since both MF
and GU are considered a Contaminant of Emerging Concern (CEC) to Health Canada, we
have conducted a literature review on their action, fate, and effect on aquatic plants,
invertebrates, and fish.
1.1 Effect of Metformin on Fish Species
MF has been widely prescribed for patients with Type 2 diabetes, a disease that is
expected to increase in aging populations worldwide. With the projected increase of
diabetes diagnoses and the growing interest in MF’s additional therapeutic effects (PCOS
and anti-cancer), it is not surprising that MF has been found in concentrations up to 47
µg/L in WWTP effluent and 3 µg/L in surface waters. In fact, it has been identified as the
highest drug by weight in the aquatic environment with individual WWTPs in urban areas
contributing up to 6 tons per year (Scheurer et al., 2012, Oosterhuis et al. 2013, Blair et al.,
2013).
Fish are commonly studied to determine the toxicity of exposure to different PPCPs
and other widespread CECs in the aquatic ecosystem. Some preliminary research has
shown a variety of detrimental effects from chronic low-dose MF exposure in fish
including: behavioral changes, endocrine disruption, intersex, reduced fecundity, reduced
growth, altered metabolomes, and changes in gene expression (MacLaren et al., 2018,
Niemuth & Klaper, 2015, Ussery et al., 2018; Table A1).
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Table A1. Response of fish species exposed to various concentrations of metformin.
All experiments were performed ex-situ. (hpf =hours post fertilization;
dph=days post hatch)
Species

Location of
Study

Siamese
fighting fish (B.
splendens)

1North

Japanese
medaka
(O. latipes)

2Toronto,

Japanese
medaka
(O. latipes)

2Toronto,

Fathead
minnows
(P. promelas)

3Milwaukee,

Fathead
minnows
(P. promelas)

4Milwaukee,

Fathead
minnows
(P. promelas)

5Milwaukee,

Notable Findings

0, 40, 80 µg/L
exposed for 5
months

• Aggression was measured by dummy-directed
gill-glaring, time spent fin spreading and tail
beats
• Decreased aggression was seen in both
treatment groups of 40 and 80 µg/L, a more
substantial reduction in aggression was
observed in the 80 µg/L exposure

ON

1, 3.2, 10, 32,
100 µg/L
exposed from 6
hpf – 28 dph
(embryo-larval
stage fish)

• 10 µg/L – significant uptake of metformin in fish
exposed prior to chorion hardening (~6 hpf)
• 10, 32, 100 µg/L – significant decrease in mean
length
• 3.2, 10, 32, 100 µg/L – significant decrease in
mean weight
• 1, 3.2, 10, 32, 100 µg/L – decreased expression
of B-hydroxyacyl-CoA dehydrogenase (leading to
decreased B-oxidation) and decreased in HMGCoA synthase (controls cell growth and
cholesterol synthesis)

ON

3.2 µg/L
exposed for
165 days

• 20 fold increase in 11-keto-testosterone

40 µg/L
exposed for 28
days

• 30 fold up-regulation of messenger ribonucleic
acid (mRNA) encoding for VTG in males

40 µg/L
exposed for
320 days (full
life-cycle)

• Development of intersex gonads
• Reduced size of males
• Reduced fecundity

1, 10, and 100
µg/L exposed
for 7 days (8090 day old
juveniles fish)

• VTG expression – 17.7, 22, and 22 fold increase
after exposure to 1, 10, and 100 µg/L
• CYP3A126 mRNA expression – 14, 16, 24 fold
increase after exposure to 1, 10, 100 µg/L
• GnRH3 expression – 3.3, 4.7, and 5.5 fold
increase after exposure to 1, 10, 100 µg/L

Andover, MA
USA

Canada

Canada

WI, USA

WI USA

WI USA

Experimental
Conditions

1MacLaren
5Crago

et al. (2018); 2Ussery et al. (2018); 3Niemuth et al. (2014); 4Niemuth & Klaper (2015);
et al. (2016)

5

Siamese fighting fish (Betta splendens), a freshwater species found in southeast
Asia, is a popular model for studying fish behavior after exposure to xenobiotics because of
their display of aggression. MacLaren et al. (2018) subjected adult male B. splendens to
chronic exposure of 40 or 80 µg/L MF over a 5-month period. Compared with the control
group, males treated with MF in both exposure groups were found to have significantly
decreased aggression as measured by dummy-directed gill-flaring display, time spent fin
spreading, and number of tail beats. They suggested that aggressive behavior decreased
with length of exposure, as shown by negative trends in frequency of gill flaring and fin
spreading. Since male adult B. splendens are responsible for building large nests for egg
production and hatching of fry, male aggression is critical for survival and mating. With
decreased aggression, male survival and reproductive success could be compromised,
along with altered offspring success and overall negative impact on the population
(MacLaren et al., 2018).
Ussery et al., (2018) conducted a study that explored the effects of MF uptake,
bioaccumulation, and depuration on embryo-larval stage Japanese medaka (Oryzias
latipes), as well as developmental effects of exposure to 1, 3.2, 10, 32, and 100 µg/L MF on
28-day post hatch (dph) medaka. Researchers found that embryo-larval medaka exposed
prior to chorion hardening took up MF from the environment, and fish exposed to MF from
6 hours post fertilization (hpf) to 28 dph showed reduced growth, altered metabolomes,
and changes in gene expression. Additionally, when early life-stage medaka exposed to 3.2
µg/L MF for 165 days to mimic a chronic low-dose exposure across a life-cycle, female fish
had an increased production of 11-ketotestosterone, a fish androgenic sex hormone
(Ussery et al., 2018).
Results of Ussery et al. (2018) contradict another study in which fathead minnows
exposed to MF resulted in increased vitellogenin (VTG), an egg yolk protein normally
expressed in females (Niemuth et al., 2014). They exposed fathead minnows to 40µg/L of
MF over 28 d, a concentration similar to the average amount of metformin found in WWTP
effluent. There was a 30-fold up-regulation of messenger ribonucleic acid (mRNA)
encoding for VTG in males, indicating potential endocrine disruption (Niemuth et al., 2014).
Although severe endocrine effects (for example feminization or intersex) were not
observed in this study, VTG is typically an early indicator of endocrine disruption and
future research with longer exposures, as seen in the environment, may result in greater
impacts.
Niemuth & Klaper (2015) continued their research on MF exposure in fathead
minnows by exposing fish to 40 µg/L of MF over 320-d during early development (at the
fry stage, 30-days post hatch). They reported development of intersex gonads, reduced size
of males, and reduced fecundity. These results are consistent with what is known about
the sensitivity of fish to endocrine disrupting compounds during early development,
particularly during sexual development (Johns et al., 2011) since male fathead minnows do
not reach sexual maturation until 90-days post hatch and significant endocrine effects were
found as a result of MF exposure during development.
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Additional research by Crago, et al. (2016) confirmed that juvenile fathead minnows
are more susceptible to endocrine disrupting effects including: increased expression of
VTG, gonadotropin-releasing hormone (GnRH3 – a hormone essential for reproductive
function), and CYP3A126 after a 7-day exposure to concentrations of 1, 10, and 100 µg/L of
MF. GnRH3 and CYP3A126 were measured because of their role in the fish endocrine
system; GnRH3 controls the biosynthesis of estradiol, a female reproductive hormone in
fish, while CYP3A126 is able to metabolize and eliminate estradiol from the body. Notably,
this study examined exposure to lower concentrations of 1 and 10 µg/L, which also
significantly increased expression of VTH, GnRH3, and CYP3A126, indicating harmful
effects at environmentally relevant low-doses seen in surface waters (Crago et al., 2016). It
is clear that exposure to MF during early developmental stages can be detrimental to
endocrine function in fish.
1.2 Effect of Metformin on Aquatic Plants and Invertebrates
Like fish, MF has been viewed as a non-traditional endocrine disruptor at various
trophic levels in both marine and freshwater ecosystems. In addition to MF’s ability to act
as an endocrine disruptor, its half maximal effect concentration (EC50), 10% effect
concentration (EC10), no observed effect concentration (NOEC), and microbial inhibitory
concentration (MIC) values have also been studied in various organisms. Common
endpoints in these laboratory studies include effects on growth, reproduction, and survival
of organisms exposed to MF (Table A2). Very few studies have examined the long-term and
physiological effects of MF exposure on freshwater invertebrates and plants.
Koagouw and Ciocan (2018) examined the toxic action of MF in adult blue mussel
(Mytilus edulis). Mussels were collected from the UK and exposed for 7 days to an
environmentally relevant concentration of MF (40 µg/L) at different laboratory
temperatures. The four treatment groups included unexposed mussels at 10 (C10) and
20 (C20), and exposed groups at 10 (M10) and at 20 (M20). In all cases except those
in C10, they observed lysosomal membrane destabilization, a common stress response in
mussels. This can affect growth and reproduction due to mobilization of neutral lipids
across the membrane, as well as enhanced glycolysis. The V9 exon mRNA expression was
also downregulated, while vitellogenin mRNA expression was upregulated by over 13-fold.
An altered immune response was also observed, initiating pathological conditions in the
gonad such as follicle degeneration/dilation, gamete degradation, and atresia. These can
result in gamete incompatibility in which a mismatch in recognition proteins of ova and
sperm cells impedes reproduction.
Histological analysis of the gonads showed that female gonads were more
susceptible to MF and temperature exposures. Neutral red retention time (NRRT) assays
are useful for detecting decreased lysosomal membrane stability in hemocytes sampled
from bivalves, which is often associated with exposure to environmental pollutants (Hu et
al., 2015). The MF exposed groups showed a decline in NRRT regardless of temperature
change. A 45% reduction in hemocyte immune cells was also observed. In the M10 group,
estrogen receptor 2 mRNA expression was slightly down regulated when compared to the
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Table A2. Response of invertebrates and plants exposed to various concentrations of
metformin. “r”refers to intrinsic rate of population increase.

Species

Location of
Study

Experimental
Conditions

Notable Findings
• Increased pathological conditions in gonad:
follicle degeneration/dilation, gamete
degradation, and atresia.
• More likely to impact female gonads.
• 45% reduction in hemocyte immune cells.
• Lysosomal membrane destabilization causing
mobilization of neutral lipids and enhanced
glycolysis.
• Downregulated expression of V9 exon mRNA.
• 13-fold upregulated expression of VTG mRNA.
• Slightly downregulated expression of ER2
mRNA.

Blue mussel
(Mytilus
edulis)

1Hove

Beach,
East Sussex, UK

40 µg/L at 10℃
and 20℃
exposed for 7
days ex situ

Flutedshell
mussel
(Lasmigona
costata)

2Grand

River,
ON Canada

Mean: 1.9 ± 2.9
• Elevated stress biomarkers (glutathione
ng/g
transferase and lipid peroxidation) compared to
Range: ND-6.65
upstream caged mussels.
ng/g
• BAF measured at 0.66: low tendency to
Exposed for 4
bioaccumulate.
weeks in cages in
situ

Rotifers
(Brachionus
calyciflorus,
Plationus
patalus)

3Tlalnepantla,

Control, 25, 50,
100, 200 µg/L
exposed for 16
days ex situ

• Peak population density and r significantly
decreased (more so for P. patalus).
• At 200 µg/L, r decreased significantly.
• Long term exposure harmful to rotifers as low as
25 µg/L.
• Exposed rotifers were significantly smaller in
size.

Green algae
(Chlorella
vulgaris)

4Lower

1, 80, 500 µg/L
Columbia River, exposed for 5
OR, USA
and 96 hours ex
situ

• Decreased density after 96 hours at 80 and 500
µg/L, but no effect on growth rate.
• Decreased photosynthetic efficiency after 24
hours at 500 µg/L and after 72-hour exposure to
sewage effluent equivalent of 50 µg/L.
• SnRK1 activator in algae: increased stress
response.

1Koagouw

(2018)

State of Mexico,
MX

& Ciocan (2018); 2de Solla et al. (2016); 3García-García et al. (2017); 4Cummings
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C10 group. This study showed that current concentrations of MF in aquatic ecosystems are
sufficiently potent to initiate gonad pathologies in the blue mussel, as well as act as
endocrine disruptors in the environment.
In a study by de Solla et al (2016), wild and caged flutedshell mussels (Lasmigona
costata) were collected from sites upstream and downstream the Kitchener WWTP on the
Grand River in Southern Ontario. Caged mussels were deployed and collected after 4 weeks
and showed significantly elevated stress biomarkers (glutathione transferase and lipid
peroxidation) compared to upstream caged mussels. MF has been detected at
concentrations as high as 10.1 µg/L in the Grand River. In water samples taken from the
sites, MF dominated 48.7% of the total PPCPs quantified. MF was not detected in wild
mussels but was detected in downstream caged mussels at a mean concentration of 1.9 ±
2.9 ng/g and ranged from ND-6.65 ng/g. The bioaccumulation factor (BAF) of MF was
measured at 0.66 for caged mussels, indicating a low tendency to bioaccumulate.
Bioaccumulation in the mussels was driven mostly by log Koc and log Kow, and was
generally predictable from fugacity models used.
A study by García-García et al. (2017) examined two rotifer species: Brachionus
calyciflorus and Plationus patalus, both microinvertebrate model organisms commonly
used in ecotoxicological testing. Each species was exposed to MF concentrations of 25, 50,
100, 200 µg/L for as well as a control for 16 days. Peak population density and rate of
population increase (r) for both rotifers were analyzed and found to be significantly
affected by MF exposure, but more significantly for P. patalus. The rate of population
increase for both rotifers exposed to the highest concentration of 200 µg/L significantly
decreased when compared with controls. The study also reported that long-term exposure
to MF could be harmful to rotifers at concentrations as low as 25 µg/L, a concentration
considerably lower than that found in some WWTP effluent receiving waters. It should also
be noted that after visual observation, exposed rotifers appeared smaller in size when
compared to controls.
Cummings (2018) looked at the effects of MF on the green alga Chlorella vulgaris
and the diatom Thalassiosira weissflogii at concentrations of 1, 80, 500 µg/L and 1, 60, 400
µg/L, respectively. They found that effects depended on exposure time, dose, and species,
as no significant effects were observed in the diatom. In concentrations above
environmental levels (80 and 500 µg/L), algal biomass was reduced after 96 hours,
although it did not affect the growth rate. There was a reduced efficiency in photosynthesis
in two instances: a 24-hour exposure at 500 µg/L and a 72-hour sewage effluent equivalent
exposure at 50 µg/L MF. These results were expected of a polar basic cation species in a
high-flow river system, as MF activates a stress response through the SnRK1 pathway, an
energy-regulating AMPK homolog in algae.
Althakafy et al. (2018) examined five families of invertebrates in seven samples
collected across various creeks in Australia. A modified liquid phase extraction approach
was used to extract and quantify a series of common PPCPs from freshwater organisms. In
mayflies (Leptophlebiidae), MF concentrations were found ranging from 40.2 to 312 ng/g.
In the caddisflies (Ecnomidae), MF was found at 28.4 ng/g. Resulting non-detections in the
9

shrimp (Atyidae) and beetle (Notonectidae, Gyrinidae) were attributed to a large dilution
factor in the stream water, as well as inability of MF to bioaccumulate in these organisms.
Overall, these data show that MF present in natural waterways may be incorporated into
organisms living in the environment of affected stream systems.
Results of toxicity tests for plants and invertebrates exposed to MF have also been
published (Table A3).
• Bradley (2011) exposed harlequin fly larvae (Chironomus riparius) to MF for 28 days
and obtained NOEC and LOEC values. Chironomidae are known to be pollution-tolerant
and can survive when other invertebrates cannot. Therefore, pollution-sensitive aquatic
macroinvertebrates such as mayflies, stoneflies, and caddisflies may be more
appropriate to study when agencies are more interested in ecological risk to
invertebrate communities.
• Hydras (freshwater polyps) are known to be sensitive environmental indicators of a
variety of toxicants. The results of Godoy et al. (2018), however, do not bear this out,
because their test organism, Hydra attenuata, appeared relatively insensitive to MF
exposure based on LC50 and EC10 values.
• Cladocera (water fleas) have been noted as having a heightened sensitivity to the
presence of contaminants in various studies, making them a useful water quality
indicator, and are one of the most common model organisms used in freshwater studies.
In various studies on three Cladocera species, values for EC50, EC10, and NOEC were
determined. Ceriodaphnia dubia was found to have a heightened sensitivity to MF,
followed by Daphnia similis and Daphnia magna.
• Lemna minor (common duckweed) is a producer species in freshwater ecosystems.
Compared to the consumer species in a study by Godoy et al. (2018), an intermediate
sensitivity to the adverse effects posed by MF was observed in L. minor. Total frond area
(the leaflike part of the plant) was the most sensitive endpoint for EC50 calculations,
while frond number was most sensitive for EC10 calculations. Compared to other test
organisms in a study by Cleuvers (2003), L. minor was found to be significantly sensitive
to metformin exposure.
• The values for the NOEC, EC50, and MIC of the algal species Anabaena flos-aquae and
Pseudokirchneriella subcapitata were compiled in an Environmental Risk Assessment
(ERA) by AstraZeneca, a British research-based biopharmaceutical company. Cleuvers
(2003) found the algae Desmodesmus subspicatus to be resistant to MF. As a result, this
study noted that toxicity may be better described with log Kow values rather than
specific toxic actions. NOEC values for the fungi Aspergillus clavatus, Penicillium
canescens, and Chaetomium globosum were also compiled in the ERA by AstraZeneca and
were derived from the US Food and Drug Administration (FDA). These fungi are found in
soil and were observed to be resistant to metformin exposures.
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Table A3.

NOEC, LOEC, LC50, EC50, EC10, and MIC values and their associated endpoints for various aquatic invertebrates,
vegetation, and algae exposed to various concentrations of metformin. All experiments were conducted ex situ.
Exposure
Period

Effect
Concentration

(total emergence, development rate, sex ratio)
(total emergence, development rate, sex ratio)

28 days
28 days

100 mg/kg
100 mg/kg

(lethality)
(reproduction)

96 hours
7 days

3918 mg/L
701.8 mg/L

Species
1Harlequin

Measure and Endpoint

fly
(Chironomus riparius)

1NOEC

Freshwater polyp
(Hydra attenuata)

2LC50

Water flea
(Daphnia magna)

3,4EC50

(immobilization)
(survival, reproduction, growth)
7NOEC (survival)

48 hours
21 days
21 days

64-130 mg/L
54.1-67 mg/L
40 mg/L

Water flea (Daphnia similis)

2EC50

48 hours
14 days

14.3 mg/L
4.4 mg/L

7 days

1 mg/L

3, 7 days
7 days
7 days

110 mg/L
53.7-58.9 mg/L
24.2-31.9 mg/L

6 days
6 days

80 mg/L
100 mg/L

1LOEC

2EC10

5,6NOEC

2EC10

(immobilization)
(reproduction)

Water flea (Ceriodaphnia dubia)

5NOEC

Common duckweed (Lemna minor)

3EC50

(reproduction)

(inhibition average growth rate)
(growth inhibition)
2EC10 (growth inhibition)
2EC50

Blue-green algae (Anabaena flos-aquae)

8EC50

(growth inhibition)

8MIC

Green algae (Pseudokirch-neriella
subcapitata)

9NOEC

(growth rate)
(biomass)
9EC50 (growth rate)
9EC50 (biomass)

72 hours
72 hours
72 hours
72 hours

≥100 mg/L
≥100 mg/L
>100 mg/L
>100 mg/L

Green algae (Desmodesmus subspicatus)

3EC50

3, 7 days

>320 mg/L

9NOEC

(inhibition of average growth rate)

1Bradley

(2011); 2Godoy et al. (2018); 3Cleuvers (2003); 4Hicks (1994); 5Caldwell et al. (2014); 6Putt (2007); 7Lee (2017); 8Wood,
(1994);
(2007)
9Hoberg
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• NOEC values for the fungi Aspergillus clavatus, Penicillium canescens, and Chaetomium
globosum were also compiled in the ERA by AstraZeneca and were derived from the US
Food and Drug Administration (FDA). These fungi are found in soil and were observed to
be resistant to metformin exposures.
• The bacteria Pseudomonas fluorescens can be found inhabiting both soil and water,
while Bacillus megaterium and Azotobacter chroococcum are soil-dwelling bacteria
exclusively. Wood (1994) reported NOEC values for each bacterial species when
exposed to metformin for 6 days. The MIC value for A. chroococum, a nitrogen-fixing
bacteria, was also determined. P. fluorescens and B. megaterium were observed as
resistant to metformin exposure, while A. chroococum displayed higher sensitivity.
1.3 Conclusion on Metformin
As the global human population grows, use of MF will undoubtedly continue to
increase in concentration in wastewater effluent and in receiving bodies. In Nova Scotia
alone, concentrations of MF have been found in surface waters as high as 1.487 µg/L
(Ghoshdastidar et al., 2015), and the same magnitude has been observed for its
transformation product, GU. Although the mode of action and effects of MF on humans is
known, there may be unintended consequences on aquatic organisms and these must be
determined. For instance, there is almost no information on the action of MF’s toxic effects
on non-human organisms, especially freshwater fish, but also for invertebrates and plants.
Currently, investigations have been limited to determining endpoint-specific
concentrations such as EC50, EC10, and NOEC values. Descriptive research on organismal
effects is also needed. More research on the consequences of acute and chronic MF
exposure at environmentally relevant concentrations must be conducted to better
understand its influence on the environment.
Additionally, more research should be conducted to determine how WWTPs across
the country can be upgraded to improve the removal rate of MF from effluent. Advanced
treatment options include reverse osmosis, membrane filtration, water oxidation, and
activated carbon filters. Studies should be conducted to compare the efficiencies of
different treatment options for this purpose. Finally, post exposure remediation efforts can
be examined to investigate their efficacy on reducing MF concentrations already present in
the environment. Phyto-remediation is a process similar to the natural processes that occur
in wetlands. In a study by Cui et al. (2015), Phragmites australis and Typha latifolia were
found to use organic cation transporters in their roots to take up metformin from
watersheds. In two studies by Moogouei (2018), it was found that Helianthus annuus and
Amaranthus retroﬂexus could remediate 65.7-69.53% and 58.4-63% of metformin when
exposed to 20 and 50 mg/L. Phytoremediation often takes years to restore the water or
soil to a high quality, but like bioremediation, it is a natural process that does not rely on
chemicals to treat the water and is relatively inexpensive. Such wetland plants may be used
for future remediation of metformin in surface waters.
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2.0 Introduction to Gliclazide
In patients with Type 2 diabetes, the body’s cells resist the normal effect of insulin.
This resistance results in glucose building up in the blood and an increase in insulin
production within the pancreas, and ultimately deterioration of beta cells. Type-2 diabetes
is estimated to comprise 90% of all diabetic cases in Canada, U.S. and Europe and almost
100% in Asia (Markiewicz et al., 2016a and Diabetes Canada, 2018) and is expected to
grow exponentially as the human population continue to age. Gliclazide (GLZ) is a second
generation sulphonylurea oral hypoglycemic agent used in the treatment of Type 2- noninsulin-dependent diabetes mellitus (NIDDM) and is administered orally in 1-2 doses
ranging from 40 to 320 mg per day (Servier 2016). It is only effective in patients with
preserved beta cell function, and therefore GLZ is most effective during early stages of the
disease. It acts by binding to a specific receptor for sulfonylureas (Figure A2) on betapancreatic cells (Sola et al., 2013). This blocks the inflow of potassium (K+) through the
ATP-dependent channel (Sola et al., 2013). When the flow of K+ within the β-cell decreases
to zero, the cell membrane becomes depolarized, and thereby removes the electric screen
which prevents the diffusion of calcium into the cytosol (Sola et al., 2013). With increased
flow of calcium into β- cells, filaments of actomyosin contracts and allows for greater
secretion of insulin.
GLZ improves the first phase of insulin release, but also influences the second phase
as well. Sarkar et al. (2011) documented how GLZ facilitates a patterned increase in insulin
release which explains the lower incidence of hypoglycemic episodes and weight gain
compared to other sulfonylureas. In addition, a reduction in hepatic glucose production
and an improvement in glucose clearance is seen without changes in insulin receptor. They
suggest a possible post-receptor effect on insulin action by the stimulation of hepatic
fructose-2,6-bisphosphatase and skeletal muscle glycogen synthesis activity. Their study
also confirmed that GLZ reduces platelet adhesion, aggregation and hyperactivity and
increases fibrinolysis. GLZ has been prescribed in combination with metformin when
sulphonylurea treatment fails (Sarkar et al., 2011).
2.1 Occurrence in the Environment
The primary route of introduction of PPCPs into the environment is through
discharge of effluent from WWTP, hospitals and industrial facilities. Of the PPCPs reported
in surface waters, probably the highest concern has been associated with drugs taken to
treat chronic diseases because they are administered daily over a long time period. GLZ is
extensively metabolized in the liver with less than 1% of the orally administered dose
appearing unchanged in the urine (Sarkar et al., 2011). Metabolites of GLZ include oxidized
and hydroxylated derivates, as well as glucuronic acid conjugates (Sarkar et al., 2011).
Approximately 70% of the administered dose is excreted slowly in the urine, reaching a
peak at around 7 to 10 hours after administration and metabolites are detectable within
120 hours after administration (Sarkar et al., 2011).
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Figure A2. The mechanism of action of the antidiabetic drug, gliclazide, in Type-2
diabetes patients.
Faecal elimination of GLZ accounts for approximately 10 to 20% of the administered
dose (Ing et al., 1986). It is eliminated from the body within 144 hours post dose (Sarkar et
al., 2011). The half-life of GLZ is approximately 10.4 hours (Sarkar et al., 2011). When a
primary degradation test was performed with GLZ at a starting concentration of 70 mg/L
(Markiewicz et al. 2017a), only a small decrease was observed after 22 days, with a
maximum concentration of 15% after 22 days and 18% ultimate degradation in 26 days
(Markiewicz et al. 2017b). In addition, GLZ has a lipophilicity value (log DpH 7.4) of 0.4 along
with a moderate water solubility (Servier Canada, 2016). With these properties, GLZ is
expected to be present in surface water once released in the environment through
discharge from WWTP.
2.2 Effect of Gliclazide on Biota
Although effects of PPCPs on mammals have been reported in the literature, little
research has yet been conducted on the impact of GLZ on aquatic biota, despite the
expected presence of this drug in the environment. Some preliminary research based on
clinical studies have shown the effects of sub-chronic toxicity, chronic toxicity,
teratogenicity and reproduction on mammals (Tables A4 and A5).
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Table A4. Response of mammal species exposed to various concentrations of
gliclazide. Taken from Servier Canada Inc. (2016)

Species
Guinea Pig

Experimental Conditions
•
•

Beagle Dog

•
•

Notable Findings

10 (5 male, 5 female) in
• Males in 50 mg/kg group showed delayed
treatment groups
weight gain
0, 25, 50 or 100 mg/kg/day
exposed for 6 of 7 days
over 2 months
4 (2 male, 2 female) in
treatment groups
0, 15, 30, 45, 90 or 30
mg/kg/day daily for 30
days

• 2 deaths (at 90 mg/kg) due to
hypoglycemic coma following 2 weeks of
treatment
• Increase in liver weight evident in all
groups

Beagle Dog

•
•

6 (3 male, 3 female)
0, 15 or 30 mg/kg/day
daily for 6 months

• 3 deaths (1 at 15 mg/kg and 2 at 30
mg/kg) due to hypoglycemic coma;
increased liver weight
• 40% drop in blood glucose

Beagle Dog

•

8 (4 male, 4 female) in
treatment groups
0, 12, 24 mg/kg daily for 12
months (4 animals in each
concentration and
sacrificed at 90 days)

• There were no natural deaths
• No evidence of any modifications in
behaviour and body weight
• Significant fall in blood glucose
• Fluctuation in liver enzymes, lipid profile
and creatine
• Swelling of renal and hepatic parenchyma
• at highest dose, slight increase in weight of
thyroid and slight decrease in weight of
pituitary gland
• 7 died due to technical issues
• Blood urea decreased significantly in male
rats as well as blood glucose in groups of
10 mg/kg/day
• Increase in weight of liver and kidneys in
male animals

•

SpragueDawley Rat

•
•

20 (10 male, 10 female)
0, 25, 100 or 200
mg/kg/day exposed for 6
of 7 days over 6 months

Rhesus
Monkey

•

8 (4 male, 4 female) in
• No modification in weight gain or food
treatment groups
consumption
0, 20, 60 or 180 mg/kg
• Significant fall in blood glucose
treated daily for 12 months • Irregular rise in some liver enzymes

•
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Table A5.

Teratogenicity response of mammal species exposed to various
concentrations of gliclazide. Taken from Servier Canada Inc. (2016).

Species

Location
of Study

Experimental
Conditions

Notable Findings

CD/SPF mouse

30 females

0, 50, 250 and 500
mg/kg daily from
mating throughout
gestation

• No modification of fertilization
or abortion rates
• - no apparent teratogenic
effect

CFY-SPF rat

20 females

0, 15, 30, 60, 120, 240
and 480 mg/kg daily
from 6th to 15th day of
gestation

• No embryotoxic effects

fSD/SPF

60 females

0, 15, 30, 60, 120, 240
and 480 mg/kg daily
from mating
throughout gestation

• No effect on fertilization,
gestation, mean number of
foetuses or incidence of foetal
abnormalities
• Number of offspring surviving
at 48 hours was decreases in
groups exposed to 15, 60, 120
and 480 mg/kg/day

Common Rabbit

15 females

0, 10,25 and 50 mg/kg
daily from the 6th to
18th day of gestation

• No effect on number of fetal
resorptions, percentage of
abortion or mean number of
fetuses per litter

New Zealand
Rabbit

6 females

0, 50, 75, 100 and 200
mg/kg daily for 13
days followed by 8
days of observations

• Maternotoxicity and
embryotoxicity in the form on
gastro-intestinal and renal
lesions
• Anorexia and weight loss
• No evidence of teratogenic
effects

rat
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Mammal species consisting of Guinea Pig, Dog, Sprague-Dawley Rat and Rhesus
Monkey were tested to observe sub-chronic and chronic toxicity effects by administration
of GLZ at various doses. Servier Canada (2016) tested the sub-chronic toxicity of GLZ to
guinea pigs and dogs. GLZ was administered to guinea pigs at concentrations of 0, 25, 50 or
100 mg/kg for 6 of 7 days for 2 months and at 0, 15, 30, 45 or 90 mg/kg/day to the beagles
for 39 days. At a dosage of 50 mg/kg, male guinea pigs showed delayed weight gain
(Servier Canada, 2016). All other groups showed normal biochemical, hematological and
hispathological results (Servier Canada, 2016). Furthermore, at a dosage of 90 mg/kg, 2
dogs died as a result of a hypoglycemic coma following 2 weeks of treatment. All other dogs
showed normal behaviour except for an increase in liver weight (Servier Canada, 2016).
Servier Canada (2016) also tested chronic toxicity by administering GLZ to a group
of rats, dogs and monkeys. In a 6-month study, GLZ was administered to rats at 0, 25, 100
or 200 mg/kg for 6 of 7 days. Following 6 months, male rats administered a dosage of 100
mg/kg showed a significantly decrease in blood urea along with blood glucose (Servier
Canada, 2016). Histological examination showed an increase in the weight of the liver and
kidneys in male rats (Servier Canada, 2016). In addition, a 6-month study with beagles
were administered doses of 15 or 30 mg/kg/day (Servier Canada, 2016). Three dogs died
of hypoglycemic coma (1 at 15 mg/kg and 2 at 30 mg/kg) (Servier Canada, 2016). The
three dogs that succumbed had higher liver weight and a 40% drop in blood glucose. In
chronic toxicity tests over a 12-month period, beagles and Rhesus monkeys were
administered GLZ at 0, 12 or 24 mg/kg/day and 0, 20, 60 or 180 mg/kg/day respectively
(Servier Canada, 2016). Increased dosages were associated with a significant decrease in
blood glucose, fluctuation in certain parameters (liver enzymes, lipid profile and creatine)
(Servier Canada, 2016). An autopsy showed a swelling of the renal and hepatic
parenchyma and at the highest GLZ dose, there was a slight increase in thyroid weight and
a decreased weight in the pituary gland (Servier Canada, 2016). The rest of the monkeys
exhibited a drop in blood glucose and an irregular rise in liver enzymes in some animals
(Servier Canada, 2016).
Servier Canada (2016) tested teratogenicity on three species: mouse, rat and rabbit.
In their study on mice, various concentrations were administered with no effects in
fertilization and abortion rates (Servier Canada, 2016). Two different rat studies were
carried out with different dosages of GLZ. Rats given dosages 15, 60, 120 and 480 mg/kg
had a decrease in the number of surviving offspring at 48 hours (Servier Canada, 2016). In
studies performed on two different rabbit species, no effects on the number of fetal
resorptions, percentage of abortion or mean number of fetuses per litter were observed
(Servier Canada, 2016). New Zealand rabbits exposed to 0, 50, 75, 100 and 200
mg/kg/day for 13 days showed effects of maternotoxicity and embryotoxicity in the form
of gastrointestinal and renal lesions accompanied by anorexia and weight loss (Servier
Canada, 2016).
2.3 Conclusion on Gliclazide
Overall, GLZ is rapidly removed from the human body by excretion as urine. It is
present in the environment due to various properties such as degradation and lipophilicity.
The maximum published mean effluent was reported in South Africa at a value of 79 ng/L
and occurrence of GLZ found within the environment was reported at 0.0075 ng/L in
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Malaysia (Archer et al., 2017, (Al-Odaini et al., 2011), (Al-Qaim et al., 2016). Given the
increase in the incidence of Type-2 diabetes worldwide, we expect to have more
widespread distribution of GLZ in surface waters, and hence greater exposure of aquatic
biota to increased levels of GLZ. Since GLZ and MT can be paired together as treatment for
Type-2 diabetes, further research should be conducted to test for any additive or
synergistic effects of both drugs on organisms. After a very extensive search in the
literature, we found no published studies on the effects of GLZ on aquatic biota.
3.0 Introduction to Fluoxetine
The substance fluoxetine (FLX) is a lipophilic amine, with a chemical formula
C17H18F3NO (Molecular weight = 309.33 g/mol; pKa = 10.06 ± 0.01). It is categorized as a
selective serotonin re-uptake inhibitor (SSRI) antidepressant (Magni et al., 2017).
Fluoxetine (HCl) is marketed as Prozac™ (Eli Lilly and Company) and is one of the most
prescribed antidepressants worldwide. It is also sold under the brand names, Adofen,
Fluoxeren, Sarafem, and several others. All SSRIs share the same mode of action, providing
therapeutic effects by preventing the clearance of synaptic serotonin (5hydroxytryptamine, 5-HT), thereby increasing extracellular and circulating 5-HT
concentrations (Prasad et al., 2015; Panlilio et al., 2016; Figure A3). SSRIs inhibit the
activity of the transporter SERT, thus creating a blockage of serotonin re-uptake at the
presynaptic cleft on the neuronal membrane (Corcoran et al., 2010; Panlilio et al., 2016;
Magni et al., 2017). As a neurotransmitter, 5-HT is known as the “happy chemical” and
invokes feelings of well-being and happiness (Brooks et al., 2003). It is involved in
cognition and learning, and is produced in the brain, gastrointestinal tract, and blood.

Figure A3: Schematic diagram illustrating the mode of action of SSRIs. SSRIs block the
reabsorption of serotonin, thereby increasing the concentration of the
neurotransmitter at the post-synaptic nerve terminal membrane. Adapted from
Lattimore et al. (2015).
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FLX is preferred over other types of antidepressants for their effectiveness, absence
of anticholinergic and cardiovascular side effects, and lack of receptor antagonists (Brooks
et al., 2003). It is administered orally and is prescribed to treat depression, obsessivecompulsive disorders, panic disorders, personality disorders, eating disorders, and
premenstrual dysphoric disorder (Corcoran et al., 2010). The typical oral administered
dose ranges from 10-60 mg/day. As a racemic mixture of two lipophilic enantiomers, FLX
is metabolized by cytochrome P-450 isoenzymes into its active metabolite, nor-fluoxetine,
which has its own minor SSRI effects. 10 to 30% of the swallowed dose is excreted
unaltered as the parent compound, FLX N-glucuronide in urine (Brooks et al., 2003; Magni
et al., 2017).
3.1 Effect of Fluoxetine on Fish Species
Serotonin (5-HT) is considered a ubiquitous neuromodulator, and its role is
considered evolutionarily well-conserved in vertebrates (Prasad et al., 2015). There are
serotonin receptors expressed in the brain, gut, and gonads in all vertebrates. While SSRIs
are designed for treatment in a mammalian system, it is important to determine the
functional significance of serotonin in teleost fishes. 5-HT is involved in the regulation of
many physiological systems in fish, including endocrine (hormone production),
reproductive, waste excretion, immune response, and behaviour (territoriality, feeding,
courtship) (Corcoran et al., 2010). There have been serotonergic receptors identified in the
brain, central nervous system, and gonadal tissues of teleosts (Corcoran et al., 2010; Prasad
et al., 2015). Serotonergic fibres are known to project to the pituitary, creating a strong
linkage between the serotonin system and the hypothalamic-pituitary-gonadal (HPG) axis
(Figure A4; Prasad et al., 2015). Therefore, exposure to SSRIs may have downstream effects
on reproductive behaviour and physiology.

Figure A4. Schematic illustrating how external stressors, like SSRIs can affect the
central serotonin system. Serotonin (5-HT) is tightly linked to the
reproductive system of fish at multiple levels. Adapted from Prasad et al.
(2015).
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5-HT plays another important role in oxygen detection and responses to hypoxic
conditions (Panlilio et al., 2016). It is also a potent vasoconstrictor of the branchial and
systemic vasculature in fishes (Panlilio et al., 2016). Exposure to SSRIs may interfere with
cardiovascular and ventilatory responses of fishes, which may hinder survival to
environmental hypoxia (Panlilio et al., 2016). In addition, SSRIs have been reported to
affect norepinephrine uptake, sigma receptors, neuronal receptors, and muscle nicotinic
acetylcholine receptors in teleost fishes (Foran et al., 2004).
3.1.1 Effects on Fish Physiology
From in vivo studies, the metabolism of fluoxetine is determined to be similar
between humans and fish (Margiotta-Casaluci et al., 2014)(Table A6). In a quantitative
cross-species extrapolation, sensitivity of fish to SSRIs was found to be similar to that of
patients affected by general anxiety disorders (Margiotta-Casaluci et al., 2014). This section
of the literature review will cover the effects of FLX on behaviour, development and
growth, and endocrinology and reproductive physiology.
Behaviour
• Behaviour has a dose-dependent response to FLX; various in-situ, water-borne exposure
studies reported altered aggression in males, decreased prey-capture and feeding
ability, and decreased avoidance response to predator cues.
• In a territorial coral reef species, bluehead wrasse (T. bifasciatum), daily intraperitoneal
injection of FLX (6 µg/g body weight) showed decreased defense and activity in male-tomale interactions, which may be attributed to the anxiolytic effects of SSRIs (Perreault et
al., 2003). Contrastingly, a chronic water-borne exposure of fathead minnows induced
male-aggression linked deaths of female conspecifics at the highest concentration (100
μg/L) (Weinberger and Klaper, 2014). In the same study, the median and highest
concentrations of FLX (1 and 100 μg/L) were linked to increased isolation and repetitive
cleaning behaviours, where the male ritualistically used the fat pad to scrub the
underside of the mating tile (Weinberger and Klaper, 2014). In a chronic 28-day
exposure, only Fluoxetine concentrations that raised the drug plasma concentration in
fathead minnow above the Human Therapeutic Plasma Concentration (HTPC) elicited
behaviours linked with anxiolytic response (64 μg/L) (Margiotta-Casaluci et al., 2014).
• In studies on feeding behaviour, fish exposed to FLX had a decreased ability to capture
prey. In an acute 6-day exposure, hybrid striped bass (M. saxatilis x chrysops)
demonstrated a dose-dependent increase in feeding ability, measured in time to capture
fathead minnow prey (Gaworecki and Klaine, 2008). This trend repeated further down
the trophic levels, where fathead minnows (P. promelas) exposed chronically to FLX also
showed an increased reaction time to daphnid feeding cues (Weinberger and Klaper,
2014). Since SSRIs are also prescribed to treat eating disorders, it may interact with
serotonin receptors in the gut, and thereby suppress appetite in fish (Weinberger and
Klaper, 2014).
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Table A6. Response of fish species exposed to various concentrations of fluoxetine.
All experiments were performed ex-situ. IP= Intraperitoneal.

Species

Location
of Study

Fathead
minnow
(P. promelas)

1Milwaukee,

Fathead
minnow
(P. promelas)

2Waco,

Bluehead
wrasse
(T.
bifasciatum)

3Raleigh,

Hybrid
striped bass
(M. saxatilis x
chrysops)

4Pendleton,

Gulf toadfish
(O. beta)

5Miami,

Siamese
fighting fish
(B. splendens)

6Rochester,

Topmouth
gudgeon (P.
parva)

7China

WI, USA

USA

TX,

USA

NC,

SC, USA

FL,

USA

NY, USA

Experimental
Conditions

Notable Findings

0, 0.1, 1, 10, and
100 μg/L; static
water-borne
exposure for 4
weeks

• 10 and 100 μg/L - Increased aggression,
isolation in males
• 100 μg/L – Increased repetitive cleaning
behaviours in males
• 100 μg/L - Male-aggression related female
deaths
• 1 and 10 μg/L - Decreased predator
avoidance. In the 100 μg/L, some individuals
did not respond to the mock predator

1, 10, 50, 100, and
250 μg/L; static
water-borne
exposure for 7 days

• 9.4-fold difference in EC10 (growth) toxicity
between R- and S-enantiomers
• EC10 for R-fluoxetine = 132.9 ± 21.2
μg/L
• EC10 for S-fluoxetine = 14.1 ± 8.1 μg/L

6 μg/g body
weight; IP injection
with 2-wk exposure

• Fewer, and shorter intrusion chases
performed by nest defending-males

0-100 μg/L; static
water-borne
exposure for 6 days

• Increased prey-capture time correlated with
decreased brain-serotonin activity

10 and 25 μg/g
body weight; single
IP injection

• 10 μg/g - Interference in the cardiovascular
and ventilatory response to hypoxia (Heart
rate, pulse pressure, and arterial blood
pressure)

10 μmol; static
water-borne
exposure for 30
minutes

• Reduced aggression and impaired learning

0, 50, and 200 μg/L;
static water-borne
exposure from 4
hours to 42 days

• 50 and 200 μg/g – Increased hepatosomatic
index
• 50 and 200 μg/g - Increased AChE, EROD, and
α-Glu activity

1Weinberger

and Klaper (2014); 2Stanley et al. (2007); 3Perreault et al. (2003); 4Gaworecki and
Klaine (2008); 5Panlilio et al. (2016); 6Eisenreich et al. (2017); 7Chen et al. (2018)
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• Waterborne FLX exposure significantly decreased startle reaction towards a mock
predator cue in fathead minnows exposed to 1, 10 and 100 μg/L (Weinberger and
Klaper, 2014). In the highest FLX concentration, some minnows were non-responsive to
the cue (Weinberger and Klaper, 2014). In Arabian killifish (A. dispar), exposure to
Fluoxetine affected the schooling response to predator alarm cues, reducing nearest
neighbour distance and swimming speed relative to the nearest conspecific (Barry,
2013). Killifish exposed to 0.3 μg/L FLX reduced swimming speed by 38% and could not
return to pre-exposure speeds with recovery (Barry, 2013). Reduced predator evasion
and response from low mobility altered schooling behaviours may lead to increased
predation in fish populations.
Development and Growth
• Foran et al. (2004) observed an incidence of developmental abnormalities in Japanese
medaka (O. latipes) at all concentrations of FLX tested (0.1, 0.5, 1, and 5 μg/L). This
included the occurrence of edema, curved spines, incomplete development (no pectoral
fins, reduced eyes), and non-responsiveness in the larvae (Foran et al., 2004).
• Fluoxetine is a chiral enantiomer, which occurs in two forms: S-fluoxetine and Rfluoxetine. S-FLX is considered more toxic than its counterpart, as its metabolite Snorfluoxetine has a larger SSRI effect than R-norfluoxetine (Stanley et al., 2007). When
examining a sublethal endpoint in fathead minnow, Stanley et al. (2007) demonstrated
that S-fluoxetine has a 9.4-fold greater effect on growth than R-fluoxetine, with an EC10
of 14.1 μg/L and 132.9 μg/L, respectively. This study revealed that it is important to
consider enantiomeric toxicity when examining the effects of pharmaceuticals on
aquatic biota. Further studies should examine the effects of FLX enantiomers on lethal
endpoints in teleost fishes.
Endocrinology and Reproductive Physiology
• Parrott and Metcalfe (2019) conducted a life-cycle study involving 2 generations of
fathead minnow exposed to a mixture 5 antidepressants, including FLX. This mixture,
termed “AntiD Mix” included environmentally relevant concentrations, and minnows
were also exposed to 10 times those respective concentrations, termed “10x AntiD Mix”.
Exposure to the 10x AntiD Mix increased the weight of adult male minnows and was
linked to a subtle change in an earlier hatch date (Parrott and Metcalfe, 2019).
Nevertheless, the environmentally relevant concentrations did not affect survival nor
metrics of reproductive capacity in this common toxicological test species (Parrott and
Metcalfe, 2019).
• Several other studies were unable to identify a link between hormone levels and
behaviour or physiology. Weinberger and Klaper (2014) observed differences in
behaviour after Fluoxetine exposure, but no significant changes in testosterone nor
estrogen concentrations. In Japanese medaka, circulating plasma estradiol (E2)
increased in the 0.1 and 0.5 μg/L treatments, but there were no effects on reproductive
success among adults exposed for 28 days. This included egg production, rate of
fertilization, spawning, or hatching success of fertilized eggs (Foran et al., 2004). The
absence of a concentration-response relationship may be attributed to several factors.
Brooks et al. (2003) postulated that basal circulating steroid levels, P450 enzyme
(responsible for detoxification) levels, and differences in serotonin systems may affect
the species-specific and sexually dimorphic responses to SSRIs.
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3.2 Effect of Fluoxetine on Invertebrates and Sediment
In effluent-dominated and downstream freshwater ecosystems, FLX is a persistent
chemical. In a series of laboratory experiments, Kwon and Armbrust (2006) determined
the SSRI’s stability when subjected to degradation. FLX was resistant to hydrolysis,
photolysis and microbial degradation. Because of this, it is rapidly removed from surface
waters and easily adsorbed to sediment (Kwon and Armbrust, 2006). It has been further
documented that FLX adsorbs to sediment and accumulates there (Bringolf et al. 2010).
The accumulation of FLX in freshwater sediment affects a variety of species occupying
benthic aquatic environments. Among these are small, sensitive animals inhabiting logs,
stones, submergent vegetation and sediment classified as freshwater benthic
macroinvertebrates. Though they are just large enough to be visible to the human eye,
these animals are largely important as they are established indicators of pollution levels
(Hilsenhoff, 1982). Research has shown that benthic macroinvertebrates in areas subject to
chronic FLX exposure, experience numerous behavioural disruptions (Bringolf et al., 2010;
Hazleton et al., 2014; Nentwig, 2007).
Research into the actions of 5-HT on invertebrate tissues has not always paralleled
those on vertebrate tissues. It was only recently that invertebrate physiologists and
pharmacologists recognized that 5-HT mediates functions in the central nervous system
and periphery (Tierney, 2001). SSRIs have been found to affect reproduction, foraging,
stress responses and locomotion of invertebrates (Brooks et al., 2003). Specifically, FLX
seems to interact with growth and reproduction in invertebrates, but little is known about
invertebrate 5-HT receptors. In fact, 5-HT receptors currently lack a coherent classification
system, so the mechanism of interaction between FLX and these processes in invertebrates
remains unknown (Tierney, 2001; Uhler et al., 2000). With all species considered, the
phylum Mollusca, or mollusks, are the most sensitive to acute toxicity from aquatic
pollutants, including FLX (Bringolf et al., 2010; Downing et al., 2010; Hazelton et al., 2014;
see Table A7).
3.3 Mollusca
Non-marine mollusks play critical roles in natural ecosystems and are divided into two
classes: Bivalvia (clams and mussels) and Gastropoda (snails, slugs and limpets) (Lydeard
et al., 2004). They exist in a wide range of habitats making information on their status a
useful indicator for monitoring long-term trends in threatened and unthreatened
freshwater environments. Additionally, they are valuable in aquatic ecosystems because
they are the primary food source for smaller carnivores and are vectors for certain
parasites of fish, mammals, amphibians, etc. (Luna et al., 2013). Though they are among
the most diverse and important taxonomic groups in the world, they are also one of the
most imperiled (Haag and Williams, 2013; Lydeard et al., 2004). In fact, of all major
taxonomic groups, mollusks have the highest number of documented extinctions, with 99%
of extinctions being those of the non-marine species (Lydeard et al., 2004; IUCN, 2002).
Research points to water quality and pollution challenging the integrity of freshwater
mollusks, so understanding the effects of wastewater effluent containing environmentallyrelevant levels of SSRIs is important to protect these valuable taxa from extinction and
freshwater ecosystems as a whole (Downing et al., 2010; Luna et al., 2013).
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Table A7. Response of invertebrates exposed to various concentrations of Fluoxetine.

Species

Location of
Study

Eastern elliptio
(E. complanata)

1Crabtree

Wavy-rayed
lampmussel
(L. fasciola)

2Athens,

Eastern elliptio
(E. complanata)

1Athens,

Eastern elliptio
(E. complanata)

1Athens,

• In wastewater effluent channel,
fluoxetine concentrations were 17.4
ng/g wet wt in sediment and 79.1ng/g
wet wt in mussel tissue

GA,

2.5 and 22.3 µg/L for
67 days

• At 2.5 and 22.3 µg/L, mussels display
mantle lure flaps significantly more
than controls
• At 22.3 µg/L, mussels burrow into
sediment sooner than controls and
show shorter time-to-movement

GA,

300 and 3000 μg/L ex • Induced parturition of nonviable
situ for 48 hours
glochidia
- 300 μg/L: ~ 40% of mussels releasing
nonviable glochidia
- 3000 μg/L: ~ 80% of mussels
releasing nonviable glochidia

GA,

3000 μg/L ex situ for
48 hours

• Induced release of spermatozeugmata

Zebra mussel
(D. polymorpha)

3Barcelona,

0.02 and 0.2 μg/L ex
situ for 6 days

• Fluoxetine-induced spawning
- 40% and 70% decrease, respectively,
in number of oocytes per follicle in
females
- 21% and 25% decrease, respectively,
in spermatozoan density within the
male seminiferous tubules

New Zealand mud
snail
(P. antipodarum)

4Frankfurt,

0.64, 3.2, 16, 80 and
400 μg/L ex situ for
56 days

• Significantly reduced number of
embryos at 16, 80 and 400 μg/L

New Zealand mud
snail
(P. antipodarum)

5Lyon,

1,4.2, 13 and 69 μg/L
ex situ for 6 weeks

• Significant decrease in reproduction
at 69 μg/L
• NOEC: 13 μg/L

Tadpole snail
(P. acuta)

6Madrid,

250 µg/L ex situ for
44 days

• Reduced reproduction

Tadpole snail
(P. acuta)

6Madrid,

31.25 and 62.5 µg/L
ex situ for 44 days

• Increased reproduction

USA

USA

Spain

Germany
France

Spain
Spain

Notable Findings

in situ, wastewater
effluent, 50m and
100m downstream
for 14 days

Creek, NC,
USA

USA

Experimental
Conditions

1Bringolf

et al. (2010); 2Hazelton et al. (2014); 3Lazzara et al. (2012); 4Nentwig (2007); 5Pery
et al. (2014); 6Sanchez-Arguello et al. (2009)
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3.4 Bivalvia
Freshwater mussels are bivalve (class Bivalvia, two-shells connected with a hinge)
mollusks (phylum Mollusca, soft-bodied invertebrates). Within the aquatic food web, they
are benthic and filter-feeders, straining particles from water column using a set of inhalant
and exhalant apertures (also referred to as siphons; Vaughn et al., 2008). Specifically, these
apertures filter small organic particles including bacteria, algae and detritus out of the
water column and into their gill chambers. Next, they expel filtered water, fecal material
and indigestible particles back into the habitat. The “filter-feeding” technique of mussels
deems them important among food webs, linking and influencing trophic levels (Vaughn et
al., 2008).
Freshwater mussels exhibit specific male and female reproductive behaviours.
Normally, a male will release sperm into the water which will enter a female via her
inhalant aperture. Eggs are then fertilized within the female’s body and larval mussels,
known as glochidia, are released into the water. Hundreds to thousands of glochidia are
released and attach themselves to the gills of passing fish as parasites. After feeding on the
host fish during their larval stage, they undergo metamorphosis and detach themselves as
free-living juveniles. Next, they fall and settle into the sediment, beginning their adult stage
(Bringolf et al., 2010). Uniquely, the species Lampsilis fasciola uses specialized displays
called “mantle lures” to attract host fish. These mantle lures are specialized in that they
resemble minnows and other prey items to many potential host fish (Haag and Warren,
1999; Hazelton et al., 2014). Once a fish strikes the mantle lure flap, glochidia are released
and begin their parasitic stage attached to the host’s gills (Hazelton et al., 2014).
3.4.1 Effect of Fluoxetine on Freshwater Bivalves
Studies have shown that freshwater mussels accumulate FLX from their
surrounding environment. In fact, Bringolf et al. (2010) discovered that FLX concentration
is higher in Elliptio complanata tissue than in the sediment in wastewater effluent and
downstream areas (up to 100 m; see Figure A5). Along with this, an ex-situ study
conducted by Gagne et al. (2004) reported serotonergic effects in mussels exposed to FLX
concentrations similar to those at distances as far as 5 km downstream from municipal
wastewater discharge. Therefore, the effects of FLX in wastewater effluent can be extended
to downstream environments much farther than the 100 m reported by Bringolf et al.
(2010). These findings show that FLX is accumulating in freshwater mussel tissue,
subjecting them to its well-known effects.
FLX is known to affect reproductive behaviour in freshwater mussels. Hazelton et al.
(2014) found that Lampsilis fasciola exposed chronically to FLX at concentrations of 2.5 and
22.3 µg/L displayed their mantle lure flaps significantly more than did controls. They also
found that at 22.3 µg/L, mussels burrowed into sediment sooner than controls and showed
shorter time-to-movement (Hazelton et al., 2014). Bringolf et al. (2010) also found that at
300 and 3000 µg/L of FLX, female Elliptio complanata induced parturition of nonviable
glochidia. They also found that at 3000 µg/L of FLX, male elliptio complanata were induced
to release spermatozeugmata (Bringolf et al., 2010). Furthermore, Lazzara et al. (2012)
discovered that at lower concentrations (20-200 ng/L), female Dreissena polymorpha gonads
showed a significant decrease in number of oocytes within follicles. Spermatozoa density
within the male seminiferous tubules also significantly decreased at these low
concentrations, suggesting FLX-induced spawning in mussels (Lazzara et al., 2012).
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Figure A5. Graph showing the differences in FLX concentration (ng/g wet wt.)
between sediment and mussel tissue, and among different stream sites.
FLX is accumulating in mussel tissue and concentration decreases downstream
of effluent. Adapted from Bringolf et al. (2010).
Overall, exposure to FLX in a variety of freshwater mussel species has been linked to
significantly higher reproductive and reproductive-related activities. These activities
increased energy expenditure, making them vulnerable to predators. The production of
nonviable glochidia would also be problematic for these imperiled taxa.
3.5 Gastropoda
This class of mollusks is comprised of freshwater snails (with shells into which they
can withdraw) and slugs (snails who have lost shell during evolution). Like mussels,
freshwater snails play valuable roles in aquatic ecosystems because they consume algae,
dead plant matter and dead animal matter, but despite their high ecological value, very
little is known about them (Strong et al., 2007). Fertilization in this group takes place
outside of the female, with both sexes releasing gametes into the water. The fertilized eggs
first hatch into a free-swimming form, known as trochophore larva. When the ciliary
girdles of the trochophore larva expand into large, heavily ciliated lobes, they turn into
veliger larva. At this stage, the larva undergo a unique 180° twisting of the body (torsion),
bringing the posterior part of the body to an anterior position behind the head. The
veligers then experience metamorphosis, turning into adult crawling snails (Ghiselin, 1966;
Strong et al., 2007).
3.5.1 Effects of Fluoxetine on Freshwater Gastropods
Unlike bivalves, the literature is not as rich regarding the effects of FLX on
freshwater gastropods. What is known, however, is that the SSRI affects reproduction and
reproductive behaviour in freshwater mudsnails. Nentwig (2007) reported that in
Potamopyrgus antipodarum, a New Zealand mud snail, FLX significantly reduced
reproduction, with the EC10 being 0.81 µg/L. Similarly, in the same species, Péry et al.
(2014) found reproduction to decrease significantly in concentrations as low as 10 µg/L.
Luna et al. (2013) also found that when compared to environmentally-relevant
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concentrations of 17α-ethynylestradiol, FLX significantly reduced reproduction in the
species Physa pomilia. In contrast, a dose-dependent effect was found in a study of Physella
acuta, where reproduction was stimulated at lower concentrations (31.25 and 62.5 µg/L)
and reduced at the highest concentrations (250 µg/L; Sanchez-Arguello et al., 2009).
Other studies have considered behaviours in freshwater gastropods that have been
linked to FLX exposure. Specifically, Uhler et al. (2000) discovered a dose-dependent effect
on the cilia-driven rotation rate in Physa elliptica embryos, and Sanchez-Arguello et al.
(2009) discovered effects on egg laying and induction of penile erection. Compared to
studies on freshwater bivalves, studies on gastropods appear to be more controversial
regarding FLX-related effects on reproduction and other behaviours, as well as the
concentrations associated with them. This may be attributed to the overall lack of research
conducted on this class of freshwater mollusks.
3.6 Conclusion on Fluoxetine
Overall, FLX (marketed as Prozac) is a highly prescribed antidepressant. Due to its
fast rate of release in the human body, it is excreted as urine and readily found in
wastewater and wastewater effluent, due to inefficient treatment practices. FLX’s presence
in traceable concentrations in wastewater effluent has effects on biota inhabiting effluentdominant and downstream aquatic environments. FLX has been detected in surface water
and sediment, influencing vertebrates (i.e. teleost fish) and benthic invertebrates (i.e.
mollusks). Research has linked various behavioural, developmental and reproductive
effects of aquatic biota to a variety of concentrations of FLX. In order to preserve the
integrity of aquatic ecosystems from all aspects of the food web, it is important to improve
the efficiency of FLX removal during the wastewater-treatment process. Data supporting
the stability of FLX over time and its persistence and accumulation in sediment suggest that
longer retention times may increase its removal from wastewater effluent and adsorption
to biosolids.
4.0 General Comparison of the Three Drugs
Worldwide, the prescription and use of PPCPs is growing. It is inevitable that they
would become introduced into aquatic ecosystems via wastewater effluent and sewage
sludge. The three drugs studied in this project are all known to be detected in wastewater
effluent, surface waters and sediments. These pharmaceuticals can have many negative
effects on the growth and behaviour of teleost fish, benthic invertebrates and plants (Table
A9). Thus far, concentrations tested in studies that have documented negative effects on
aquatic biota tend to be higher than those measured in the natural environment.
Nevertheless, concentrations are expected to increase with time, and environmentally
relevant concentrations may approach those that have been used in these studies. PPCPs
are now classified as contaminants of emerging concern (CEC), and there is an urgent need
for more studies to be conducted involving environmentally relevant concentrations and
ecologically important aquatic biota.
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Table A9. Summary of the effects of the human drug pathway and exposure in aquatic ecosystems.
Drug
Metformin

Humans
Purpose: treatment of
diabetes and various
ailments.
Pathways:
- ↓ gluconeogenesis
- ↑ glycolysis
- ↑ fatty acid
oxidation
- ↑ insulin sensitivity

Fluoxetine

Purpose: Increase the
availability of free,
circulating 5-HT
(serotonin) to enhance
transmission
- Acting at the
synaptic cleft of the
neuronal
membrane

Gliclazide

Purpose: treatment in
Type- 2 diabetes

Fish

Aquatic Invertebrates, Plants

Pathways:
- ↓ aggression
- ↓ growth
- ↓ fecundity
- ↓ size
- ↑ VTG mRNA
- ↑ ER-α
- ↑ CYP3A126
- ↑ GnRH3
- altered metabolomes
- altered gene expression
- intersex

Pathways:
- ↓ average growth rate
- ↓ population density
- ↑ growth inhibition
- ↑ stress response
- ↓ hemocytes
- ↓ growth
- ↓ reproduction
- ↓ V9 mRNA
- ↑ gonad pathologies
- ↑ VTG mRNA
- ↓ ER2 mRNA
- ↓ photosynthetic efficiency

Pathways
- ↓ aggression
- ↓ predator evasion and
response to cues
- ↓ prey capture and feeding
- ↓ growth
- ↑ developmental defects in
larval forms
- ↓ swimming speeds in
schooling fish

Pathways (invertebrates only):
- ↑ average growth rate
- ↓ population density
- ↑ stress response
- ↑ reproduction rate
- ↓ viable larvae
- premature spawning

Pathways:
↓ flow of K+
↑ flow Ca2+ in β- cells
↑ insulin release
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5.0 Metformin, Gliclazide, and Fluoxetine in Surface Water
Pharmaceuticals have been introduced into the environment through discharge of
WWTP effluent, hospital effluent and industrial sources. Metformin is one of the most
common pharmaceutical used worldwide, and it is not surprising that it has been detected
in almost all surface waters sampled from many countries (Table A10). Kolpin et al.,
(2002) conducted a geological survey within the U.S. between 1999 and 2000. They
documented the earliest record of MF in US streams at a concentration of 0.15 µg/L with a
frequency of 4.8%. Following this seminal study, many studies were conducted globally to
measure the concentration of MF in recipient waters.
5.1 Occurrence of Metformin
Many studies have confirmed the global occurrence of Metformin in surface waters.
We have surveyed the literature and summarized results from studies conducted in the
United States, Germany, Canada, Malaysia, Greenland, Faroe Island and in China.
•

•

•

•

Blair et al. (2013) measured many pharmaceuticals in Lake Michigan and MF was one
of them. As expected, MF was detected in all water samples. The South Shore Water
Reclamation Facility (SSWRF) and Jones Island Water Reclamation Facility (JIWRF)
had the highest level of MF at 3.8 µg/L and 9.2 µg/L, respectively. These
concentrations decreased to 0.8 µg/L one mile from the shore, and to 0.16 µg/L two
miles downstream (to the south and east). The frequency of MF being detected in
wadeable headwater streams in the U.S. was 89% with a maximum concentration of
2.64 µg/L.
In Germany, studies have been conducted in rivers for many years. Concentrations
have ranged from 0.31 µg/L in the Danube river up to 1.7 µg/L in the River Elbe
(Scheurer et al., 2009), and from 0.22 µg/L in Danube river up to 3.1 µg/L in river
Schwarzbach (Scheurer et al., 2012). MF frequency was 93% in river Meuse with
maximum concentration of 1.3 µg/L (Houtman et al., 2013) while in 2012, Trautwein et
al. (2014) assessed the presence of MF in German surface waters and found the
maximum concentration to be 0.47 µg/L in the river Elbe, which seemed lower than
those measured in past studies.
Canadian surface waters have been measured for presence of pharmaceuticals. A
study conducted in Nova Scotia in 2012 found MF levels at a maximum concentration
of 1.49 µg/L while other studies carried out in First Nations Communities in Ontario
and Alberta measured levels at 6.2 µg/L and 0.03 µg/L, respectively.
Contamination of PPCP did not receive any attention in Malaysia until 2011, when AlOdaini et al. conducted their first investigation. The frequency of MF in this study was
83%, despite the fact that only 8% of the Malaysian population were using antidiabetic
drugs at that time and MF was considered the second most prescribed drug in
Malaysia. Nevertheless, the highest MF level was measured in Cheras Batu 11, which
was relatively low at 0.13 µg/L.
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Table A10. Summary of metformin concentrations (µg/L) in surface waters around the
world.

Time
period

MF
Concentration
(µg/L), (Mean,
Max)

1999-2000

(-, 0.15)

each stream site
was sampled
once/ 139
streams

2River

Rhine,
Germany

May &
Jun2008

(0.32, 0. 46)

1 sample/ each
site (7 sites)

2River

Danube,
Germany

Dec 2008

0.31

1 sample/ 1 site

2River

Main,
Germany

Jun 2008

(0.71, 0.77)

1 sample/each
site (2 sites)

2River

Neckar,
Germany

Jul & Aug
2008

(0.69, 0.78)

1 sample/each
site (3 sites)

2River

Feb 2009

1.7

1 sample/ 1 site

3Salak

Tinggi,
Malaysia

May 2009

(0.074, -)

5 sampling
campaigns

3Sg.

Semenyih,
Malaysia

May 2009

0.084, -)

5 sampling
campaigns

3Cheras

Batu 11,
Malaysia

May 2009

(0.13, -)

5 sampling
campaigns

3BKT

Tampoi,
Malaysia

May 2009

(0.03, -)

5 sampling
campaigns

3Down

stream of
Langat river,
Malaysia

May 2009

(0.043, -)

5 sampling
campaigns

4River

Jul to Dec
2009

(0.55, 0.74)

Monthly
sampling/ 6 sites

4River

Neckar,
Germany

Dates as
above

(0.96, 1)

Monthly
sampling/3 sites

4River

Ruhr,
Germany

Dates as
above

(0.95, 1.2)

Monthly
sampling/3
sites

4River

Dates as

(1.05, 1.1)

Monthly

Location
1U.S

streams

Elbe, Germany

Rhine,
Germany

Main,

# of Samples

Notes

• National
reconnaissanc
e.
• Frequency
4.8%

MF frequency 83%
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Germany

above

sampling/ 2 sites

4River

Danube,
Germany

Dates as
above

(0.22, -)

Monthly
sampling/1 site

4River

Schwarzbach,
Germany

Dates as
above

(3.1, -)

Monthly
sampling/1 site

4River

Korsch,
Germany

Dates as
above

(2, -)

Monthly
sampling/1 site

4River

Dates as
above

(0.06, -)

Monthly
sampling/1 site

5L.

May, Jun,
Aug, Oct,
2009 Apr,
Jun 2010

(1.2, 3,8)

6 Samples

5L.

Michigan, 1 mile
east

Dates as
above

(0.24, 0.82)

6 Samples

5L.

Michigan, 1 mile
south

Dates as
above

(0.27, 0.84)

6 Samples

5L.

Michigan, 2 mile
east

Dates as
above

(0.12, 0.16)

6 Samples

5L.

Michigan, 2 mile
south

Dates as
above

(0.11, 0.16)

6 Samples

5L.

Michigan, JIWRF
outfall

Dates as
above

(4.1, 9.2)

6 Samples

5L.

Dates as
above

(1.2, 2.4)

6 Samples

hospital,
Torshavn, Faroe
Island

2010

0.061

Unknown

Total of 47
samples including
WWTPs, sludge
and surface water.

6Torshavn,

2010

0.078

Unknown

Discharge from
treatment plant

Hospitals,
Greenland

2011

0.75

Unknown

6Nuuk,

Greenland

2010

0.033

Unknown

6Nuuk,

Greenland

2011

0.062

Unknown

Jan 2011

(0.1, -)

Unknown

Lein, Germany

Michigan, SSWRF
outfall

Michigan, south
gap
6Main

Faroe

Island
6Main

7Danube

Austria

river, Linz,

MF frequency
100%
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8First

Nations,
Ontario, Canada

20112012

(3.4- 6.2)

95 samples

First Nations Food,
Nutrition and
Environmental
studies.

9River

Meuse,
Germany

Aug 2010
to
Aug 2012
every 4
weeks

(0.56, 1.3)

Samples every 4
weeks

MF frequency is
93%

10Nova

Jun 2012

(-, 1.49)

Unknown

MF frequency is
67%.

11River

Elbe,
Germany

Oct 2012

(0.47, -)

12 Samples

11River

Weser,
Germany

Oct 2012

(0.35, -)

6 Samples

11Lake

Constance,
Germany

Sep 2012

(-, 0.15)

Unknown

11River

Rhine,
Germany

Sep 2012

(-,0.22)

Unknown

12Tianjin,

Dec 2013

(1.84, 20)

Scotia,

Canada

20 Samples

MF frequency is
90%

66 Samples
collected/ 4
detected samples

First Nations Food,
Nutrition and
Environmental
studies

North China
13First

Nations
Communities,
Alberta, Canada

2013

14Wadeable

April to Jun
2014.

(-, 0.03)

(0.15, 2.64)

Five samples
MF frequency is
headwater streams,
collected
89%
USA
biweekly at each
site (59 sites)
1Kolpin et al. (2002); 2Scheurer et al. (2009); 3Al-Odaini et al. (2011); 4Scheurer et al.
(2012); 5Blair et al. (2013); 6Huber et al. (2016); 7Martin et al. (2012); 8First Nations
Food, Nutrition and Environmental studies. (2011-2012); 9Houtman et al. (2013);
10Briones et al. (2016); 11Trautwein et al. (2014); 12Kong et al. (2014); 13First Nations
Food, Nutrition and Environmental studies. (2013); 14Bradley et al. (2016).
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• One study conducted in Faroe Island had generally lower concentrations of MF
compared with those conducted in other parts of the world. This can be explained by a
dilution factor in the recipient waters which was connected to the ocean (Huber et al.,
2016). Concentrations from effluents of the main hospital in Torshavn, Faroe Island as
well as discharge from a wastewater treatment plant in the city were in the same range
(0.061 µg/L and 0.078 µg/L, respectively). Huber et al. (2016) also measured MF in the
discharge of a hospital in Nuuk, Greenland and noted a higher level of MF of 0.75 µg/L.
• The first report of MF occurring in surface waters in China was conducted by (Kong et
al., 2014), which found that MF was detected more often than other pharmaceuticals at a
maximum concentration of 20µg/L. Among the published data that we have, this
concentration appears to be the highest worldwide (Briones et al., 2016).
• Differences noticed in the literature could be explained by distinct differences in
population density (rural versus urban), the type of discharge/effluent (hospital versus
general community) and the average age of the population in urban centers around the
rivers. Therefore, we should expect to find high global variation in MF concentrations
and patterns of distribution (Huber et al., 2016).
5.2 Occurrence of Gliclazide
Al-Odaini et al. (2011) conducted the first investigation on the occurrence of
pharmaceuticals in a tropical aquatic environment such as that in Malaysia. This was the
first report of GLZ in surface water. It was detected in 53% of Langat River samples with a
maximum concentration of 0.007 µg/L. Based on another study, GLZ was found in surface
water at relatively high concentrations of 0.015 µg/L in the Negeri Sembilan, Malaysia (AlQaim et al., 2016). To date, these are the only two studies that have assessed the
occurrence of GLZ in aquatic ecosystem (Table A11).
5.3 Occurrence of Fluoxetine
The first study of Fluoxetine in US streams was reported by Kolpin et al. (2002) who
found concentrations to be 0.012 µg/L. It has been detected in Lake Michigan, at higher
levels (0.06 µg/L; Blair et al., 2013). Another study also reported on the concentration of
FLX in east and west Dongting lake, China, where FLX concentrations doubled from east to
west, reaching 0.04 µg/L (Ma et al., 2016). Metcalfe et al. (2009) measured FLX in the
Grand River, Canada and reported a maximum value of 0.14 µg/L (Table A12).
5.4 Conclusion on Metformin, Gliclazide, and Fluoxetine in Surface Water
Metformin has been measured more widely than Fluoxetine and Gliclazide because its
distribution in the environment is more widespread and it is present in relatively high
concentrations (>1 µg/L) in surface water. The maximum globally reported concentration
of MF was 20 µg/L in China, which represents a relevant value compared to the
experimental concentrations for the aquatic invertebrates. More research needs to be
conducted on the other two drugs. Given the strong variation in the concentration of drugs
and their distribution patterns in receiving waters, no clear trend has emerged in terms of
factors controlling their global distribution (Huber et al., 2016). Nevertheless, the type of
treatment used in WWTP should be an important factor influencing their concentrations in
the natural environment.
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Table A11. Summary of gliclazide concentrations (µg/L) in surface waters.
Gliclazide
# of Samples
Concentration
(µg/L), (Mean,
Max)
(0.002, -)
5 sampling campaigns
(0.004, -)
5 sampling campaigns
(0.007, -)
5 sampling campaigns

Time
Location
period
1Salak Tinggi, Malaysia
May 2009
1Cheras Batu 11, Malaysia
May 2009
1Down stream of Langat
May 2009
River
2Negeri Sembilan, Malaysia
(-, 0.015)
1Al-Odaini et al. (2011); 2Al-Qaim et al. (2016).

-

Table A12. Summary of fluoxetine concentrations (µg/L) in surface waters.

Location
1U.S streams

Time period
1999-2000

Fluoxetine
Concentration
(µg/L), (Mean,
Max)
(-, 0.012)

2Grand

Aug 2007

(-, 0.141)
(0.008, 0.05)

6 Samples

3L.

May, Jun, Aug,
Oct, 2009 Apr,
Jun 2010
May, Jun, Aug,
Oct, 2009 Apr,
Jun 2010
April 2015

(0.01, 0.06)

6 Samples

(0.005, 0.04)

sampling
campaign from
42 sites of East
Dongting Lake
and West
Dongting Lake

river,
Canada
3L. Michigan,
JIWRF outfall
Michigan,
south gap
4East

Dongting
Lake, China

# of Samples

Notes

each stream
site was
sampled once/
139 streams
5 sites

FL detection
100%

4West

Dongting April 2015
(0.002, 0.02)
FL detection
Lake, China
55%
1Kolpin et al. (2002); 2Metcalfe et al. (2009), 3Blair et al. (2013); 4Ma et al. (2016).
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PART B:

Global distribution and concentration of drugs in wastewater effluent
By: Maryanne Caluori
1.0 Introduction
Pharmaceuticals and personal care products (PPCPs) are persistent organic
pollutants that enter natural waterways from sewage facilities, illegal disposal, leachate
from landfill, municipal drains, and industrial discharges (Archer et al., 2017). PPCPs and
their metabolic products are a concern to the aquatic ecosystem because of their chemical
properties that had been originally designed to work efficiently within the human body.
These chemical properties include high polarities, high solubilities, low volatility,
hydrophilicity, aqueous mobility, pH-variable activity, sorption, bioactivity, biorecalcitrance, and complex characteristics during drug-drug interactions (Zhang et al., 2016
and Bradley et al., 2016). Such chemical properties tend to render them having negative
impacts on aquatic biota, which includes toxicity and antibiotic resistance and endocrine
disruption (Bradley et al., 2016).
PPCPs have been detected at levels ranging from ng/L to ug/L in wastewater and
have been documented to have adverse eco-toxicological effects even at trace levels. They
will also bioaccumulate in organisms and lead to a potential negative impact on human
health (Michael et al., 2013 & Ouyang et al., 2015). Two of the most commonly detected
PPCPs in wastewater are Metformin and Fluoxetine. Metformin is commonly prescribed as
a non-insulin-dependent diabetes drug while Fluoxetine is a very popular anti-depressant
(marketed as Prozac) (see Part A). The objective of this literature review is to investigate
the concentrations of both drugs found in wastewater treatment plants (WWTPs) both
within Canada and on the global scale along with determining the removal efficiency of
various drugs by type of treatment facility.
2.0 Metformin Distributions in Canada and Globally
Metformin concentrations in Canadian studies were only reported for the province
of Nova Scotia. Effluent from 16 WWTPs were sampled and Metformin concentration
ranged from 0.07 to 10.61 µg/L (Figure B1a). When we sorted WWTPs according to
treatment type (primary (n=2), secondary (n=5), tertiary (n=1) and aerated lagoon (n=8);
Figure B1b), we found that effluents associated with aerated treatment had the lowest level
of Metformin. This is probably because of an increased retention time (weeks) compared
with other treatment methods, which allowed for increased time for biodegradation
(Conkle et al., 2008).
Metformin concentrations in WWTP effluent were reported for 11 different countries
including Canada (Figure B2a). We combined data by country and calculated means. We
also pooled WWTP data according to type of treatment (primary, secondary, tertiary and
aerated lagoon (Figure B1b). It is evident that aerated lagoons reported the lowest effluent
concentrations (µg/L) followed by tertiary treatment.

45

a

b

Figure B1: (a) Concentration of metformin (ug/L) in WWTP effluent found within
Nova Scotia, Canada. (b) Concentration of metformin (ug/L) in WWTP
effluent of primary, secondary and tertiary and aerated lagoon
wastewater treatment facilities. Effluents (expressed as mean
concentrations and standard error) Number at the end of bars in graph
represent sample number.
3.0 Fluoxetine Distributions in Canada and Globally
Concentrations of Fluoxetine in effluent were reported for 6 different countries
including Canada (Figure B3a). In some countries, samples were collected from more than
one WWTP, and for reporting purposes, we pooled these values and calculated a mean. We
also grouped countries according to treatment type (i.e. primary, secondary and tertiary
treatment; Figure B3b). We expected that tertiary treatment would have the lowest
concentrations and primary treatment would have the highest concentrations; however,
our data did not reveal any trends to support this hypothesis. Lack of treatment effect could
be attributed to a number of differences among studies. It is always difficult to draw
conclusions from cross-study comparisons unless all of the sampling protocols and
analytical methods are standardized.
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a

b

Figure B2: (a) Concentration of metformin (ug/L) in WWTP effluent found globally.
(b) Concentration of metformin (ug/L) in WWTP effluent of primary,
secondary and tertiary and aerated lagoon wastewater treatment
facilities. Effluents (expressed as mean concentrations and standard error)
Number at the end of bars in graph represent sample number.
4.0 Treatment Efficiency
Using influent and effluent concentrations, we calculated removal efficiency (RE) as
follows:
(&'()*+', -.'-+',/0,&.' − +(()*+', -.'-+',/0,&.')
!" =
3 100
&'()*+', -.'-+',/0,&.'
Only a few published studies included both influent and effluent values for us to
calculate Removal Efficiency. Of all the data found globally for Metformin, tertiary
treatment had the highest removal efficiencies, followed by secondary treatment (Figure
4a). These data are not conclusive, however, because of the small sample size. Fluoxetine
concentrations were similarly inconclusive, and did not appear to vary according to
treatment type. In fact, some remove efficiencies were negative, indicating that the
treatment process had actually increased concentrations in the effluent. All values
obtained from published studies for Part B are summarized in Tables B1 to B6 inclusive.
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a

b

Figure B3 (a) Concentration of fluoxetine (ng/L) in WWTP effluent found globally.
(b) Concentration of metformin (ug/L) in WWTP effluent of primary,
secondary and tertiary and aerated lagoon wastewater treatment
facilities. Effluents (expressed as mean concentrations and standard error)
Number at the end of bars in graph represent sample number.

a

b

Figure 4 (a) Removal efficiency of metformin. (b) Removal efficiency of fluoxetine.
Values (expressed as mean concentrations and standard error)

48

Table B1: Concentration of Metformin (ug/L) in the influent and effluent of wastewater treatment facilities in North
America, and associated removal rates (expressed as percentage of concentration in influent still present in the
effluent). Number in brackets below name of city is the corresponding population size.

Location
1Annapolis

Royal, Nova
Scotia, Canada
1Berwick, Nova
Scotia, Canada
2Cookville,

Nova
Scotia, Canada
2Bridgewater,

Nova Scotia,
Canada
2Dartmouth
WWTP, Nova
Scotia, Canada
Dibsy, Nova
Scotia, Canada
1Greenwood,

Nova Scotia,
Canada
1Liverpool, Nova
Scotia, Canada
1Lunenburg,

Nova Scotia,
Canada
1Mahone Bay,
Nova Scotia,
Canada
1Middleton,
Nova Scotia,
Canada

Number
of
samples
7

Sampling method
Grab Sample

Collection dates
Sampling was done in Jun
2012 for span of 1 week

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

0.47

Anoxic denitrification,
membrane bioreactor, UV
disinfection
Two stage clarifiers, rotating
biological contactors, UV
disinfection
Advanced primary treatment
with laminar tubes, UV
disinfection
Secondary extended aeration,
activated sludge treatment
and UV disinfection
Aerated lagoon with UV
disinfection

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

1.03

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

10.61

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

8.080

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

1.98

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

0.85

Aerated lagoons, UV
disinfection

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

1.91

Secondary Treatment,
dissolved air floatation (DAF)
film reactors
Aerated lagoons, finishing
ponds, chlorine disinfection

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

5.788

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

0.64

Aerated lagoon with UV
disinfection, natural wetlands

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

1.36

Treatment type
Secondary extended aeration,
activated sludge treatment
and UV disinfection
Aerated lagoon with ozone
disinfection

Influent

Effluent
0.07

Average
removal
rate

49

2Mill

Cove, Nova
Scotia, Canada

Full 3 stage treatment,
aeration with O2, anaerobic
digestion, UV disinfection
Extended aeration

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

8.17

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

0.59

Aerated lagoon with chlorine
disinfection

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

0.84

Nova
Scotia, Canada

Aerated lagoon with chlorine
disinfection

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

2.92

1Yarmouth,

Grit removal, sedimentation
tanks, chlorine disinfection

7

Grab Sample

Sampling was done in Jun
2012 for span of 1 week

1.918

Secondary treatment
membrane bio reactor (MBR)

3

Composite samples
collected every 30 mins
over a 24-h period with
equal volume

Samples taken over 3
consecutive days

6Kolonihavnen

Sewage Line

1-Eff

Grab Sample

6Nuuk

Sewage Line

2-Inf

Grab Sample

Sampling was done in
June 2012 for span of 1
week
Sampling was done in
June 2012 for span of 1
week. Influent samples
collected in 2010 and
2011

1New

Germany,
Nova Scotia,
Canada
1Windsor, Nova
Scotia, Canada
1Wolfville,

Nova Scotia,
Canada
2Canada WWTP
(24,000)

87.5 ±
8.52

0.894 ±
0.066

98.9 ±
1.0

Greenland
Nuuk, Greenland
Hospital,
Greenland

USA
Ward,
Jamaica Bay, NY,
USA
19Oak Creek,
Wisconsin, USA
1826th

Primary treatment and
conventional activated sludge
(CAS)
Activated sludge treatment,
aeration basins and secondary
clarifiers, chlorine disinfection

5

Grab samples

5

Sampling taken over 24h period. Influent
collected via flow
proportional
(composite) and
effluent via time
proportional
(composite)

Samples collected on
February 8, 2005 @
11am, 2 pm and 5 pm
Samples collected in May,
June, August, October
2009 & April, June 2010

6.8
3.58- 1
5.90 -2
4.74 ±
1.64
26 ± 17

11 ± 7.1

2009:
34-100,
Med =
87.5

2009:
11-47, Med
= 28.5

2010:
3.2-22,
Med =
12.6
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2010:
0.64-33,
Med= 16.8
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20USA,

Plant E

20USA,

Plant F

20USA,

Plant G

20USA,

Plant H

20USA,

Plant I

21Ankeny,

Iowa,

22Ankeny,

Iowa,

USA
USA

22Boulder,
Colorado, USA

Aeration and clarification,
trickling filter, anoxic tank and
2- step activated sludge,
chlorine disinfection
5 stage Bardenpho process
(anerobic, anoxic, aerobic,
anoxic, aerobic). Tertiary
treatment (clarification, sand
filters and UV disinfection)
Oxidation ditch, clarification,
chlorine disinfection and
dechlorination
Oxidation ditch, clarification,
tertiary media filters and
chlorine disinfection
Sequencing batch reactor
(SBR), activated sludge
treatment, sand filtration and
chlorine disinfection

Secondary treatment (finebubble aeration, UV
disinfection)
Secondary treatment (finebubble aeration, UV
disinfection)
Secondary treatment
(trickling filters/ solids,
chlorination/ dechlorination

4

Time-flow-weighted 24h composite samples 4interval grab

Samples collected
11/12/2007

17.4

5.42

68.9

4

Time-flow-weighted 24h composite samples 4inerval grab

Samples collected
11/15/2007

29.4

1.25

95.7

1

One grab

Samples collected
4/8/2008

36.5

3.65

90

1

One grab

Samples collected
4/10/2008

248

0.829

99.7

Influent (Time
weighted, 3-hour grab
composites), Effluent
(Time weighted, 40minute grab samples)
*Samples collected over
1 SBR fill period and
decant

Samples collected
7/29/2008

11.1

NQ (0.252)

3

Equal-width- integrated
(EWI) composite
samples

Samples collected in
October and December
2012
Samples collected
09/03/2003 and
04/19/2005

3

Equal-width- integrated
(EWI) composite
samples

Samples collected
09/03/2003 and
04/19/2005

4.35 ± 1.46
<0.05 –
2003
<0.05 –
2005
<0.05 –
2003
<0.05 –
2005

51

Table B2: Concentration of Metformin (ug/L) in the influent and effluent of wastewater treatment facilities in
Europe, and associated removal rates (expressed as percentage of concentration in influent still present in the
effluent). Number in brackets below name of city is the corresponding population size.

Location
Austria
1Linz, Austria
Faroe Islands
3Torshaven,
Faroe Islands

Treatment type

Number of
samples

3

Sampling method

Collection dates

24-h composite samples
collected in a volumeproportional manner

Samples collected in
January 2011

Influent

Effluent

Average
removal
rate

0.253

Primary and Secondary
treatment

1-Inf
1-Eff

Grab Sample

Sampling was done
in 2010 around 7 am.

4.15

7.42

3Torshaven

Primary and Secondary
treatment

1-Inf
1-Eff

Grab Sample

Sampling was done
in 2010 around 7 am.

3.58

5.90

7Germany

Conventional activated
sludge (CAS)

1

Composite samples (taken over
24-h period)

Sampled on
26/02/2009

129

11

91

Conventional activated
sludge (CAS)

1

Composite samples (taken over
24-h period)

Sampled on
17/12/2008

101

2.2

98

Conventional activated
sludge (CAS)

1

Composite samples (taken over
24-h period)

Sampled on
02/03/2009

101

21

79

Mechanical and Biological

Composite samples (taken over
24-h period)

82

26a/10b

68a/88b

phosphate precipitation,
biological treatment with
denitrification/nitrification
unit with downstream
trickling filters
Conventional activated
sludge (CAS)

Composite samples (taken over
24-h period)

Sampled between
May and July 2010dry weather
conditions
Sampled between
May and July 2010dry weather
conditions

105

2.7

97

42

2.1

95

Hospital, Faroe
Islands
Germany
WWTP #1
(300,000)
7Germany
WWTP #2
(20,000)
7Germany
WWTP # 3
(875,000)
8Germany
WWTP #1
(15, 000)
8Germany
WWTP #2
(350,000)

8Germany

WWTP #3
(35,000)

Composite samples (taken over
24-h period)

Sampled between
may and July 2010
on day after heavy
rainfall area with
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high industrial
impact
8Germany

Conventional activated
sludge (CAS)

Composite samples (taken over
48-h period)

8Germany

Biological followed by the
addition of powdered
carbon (PAC, contact time >
30 mins)
Mechanical and Biological

Composite samples (taken over
24-h period)

WWTP #4
(12,000)
WWTP #5
(220,000)
9Germany,
Freiburg im
Breisgau
(600,000)
10Germany
WWTP #1
(100,000)
10Germany

WWTP #2
(75,000)

Sampled between
May and July 2010
on day after heavy
rainfall
Sampled between
May and July 2010

37

1.3

96

18

1.3c/1.2d

93c/93d

Grab Samples

05/21/12 -05/25/12

86.2142.3
111.81
± 21.49

3.34-5.1
4.78 ±
1.17

93.4-97
95.51 ±
1.63

Assumes biological, no
details provided

Time- proportional composite
samples (taken over 24-h
period)

Activated sludge,
nitrification/denitrification
in trickling filter

Time- proportional composite
samples (taken over 24-h
period)

Sampled April, July
and August 2016 for
7 consecutive days
each month
Sampled April, July
and August 2016 for
7 consecutive days
each month
bql1.167

bql- 0.023

0.1030.249

n.d.- 0.026

bql0.357

n.d- 0.018

5

Greece
6, 13Ioannina

Primary treatment (grit
removal), Secondary
treatment activated sludge
with
denitrification/nitrification,
removal of phosphorus

4

Composite
Samples (taken over 24-h
period)

6, 13Ioannina

Activated sludge with
denitrification/nitrification,
removal of phosphorus

4

Composite Samples (taken
over 24-h period)

Activated sludge with
denitrification/nitrification,
removal of phosphorus

4

Composite Samples (taken
over 24-h period)

City, Greece
(100,000)

Hospital,
Greece (800)

6, 13Arta,

Greece
(38,000)

Samples collected in
Fall (Sept, Oct, Nov)
2010, Winter (Dec,
Jan. Feb)2011, Spring
(Mar, Apr, May)
2011, Summer (Jun,
Jul, Aug) 2011
Samples collected in
Fall (Sept, Oct, Nov)
2010, Winter (Dec,
Jan. Feb)2011, Spring
(Mar, Apr, May)
2011, Summer (Jun,
Jul, Aug) 2011
Samples collected in
Fall (Sept, Oct, Nov)
2010, Winter (Dec,
Jan. Feb)2011, Spring
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6, 13Preveza,

Activated sludge with
denitrification/nitrification,
removal of phosphorus

4

Composite Samples (taken
over 24-h period)

6, 13Agrinio,

Activated sludge with
denitrification/nitrification,
removal of phosphorus

4

Composite Samples (taken
over 24-h period)

6, 13Grevena,

Activated sludge with
denitrification/nitrification,
removal of phosphorus

4

Composite Samples (taken
over 24-h period)

6, 13 Kozani,

Activated sludge with
denitrification/nitrification,
removal of phosphorus

4

Composite Samples (taken
over 24-h period)

6, 13Veroia,

Activated sludge with
denitrification/nitrification,
removal of phosphorus a

4

Composite Samples (taken
over 24-h period)

Primary treatment

2- Inf
1 Eff

Greece
(25,000)

Greece
(90,000)

Greece
(20,000)

Greece
(70, 400)

Greece
(45,000)

(Mar, Apr, May)
2011, Summer (Jun,
Jul, Aug) 2011
Samples collected in
Fall (Sept, Oct, Nov)
2010, Winter (Dec,
Jan. Feb)2011, Spring
(Mar, Apr, May)
2011, Summer (Jun,
Jul, Aug) 2011
Samples collected in
Fall (Sept, Oct, Nov)
2010, Winter (Dec,
Jan. Feb)2011, Spring
(Mar, Apr, May)
2011, Summer (Jun,
Jul, Aug) 2011
Samples collected in
Fall (Sept, Oct, Nov)
2010, Winter (Dec,
Jan. Feb)2011, Spring
(Mar, Apr, May)
2011, Summer (Jun,
Jul, Aug) 2011
Samples collected in
Fall (Sept, Oct, Nov)
2010, Winter (Dec,
Jan. Feb)2011, Spring
(Mar, Apr, May)
2011, Summer (Jun,
Jul, Aug) 2011
Samples collected in
Fall (Sept, Oct, Nov)
2010, Winter (Dec,
Jan. Feb)2011, Spring
(Mar, Apr, May)
2011, Summer (Jun,
Jul, Aug) 2011

n.d.0.038

n.d-bql

bql0.054

n.d- bql

bql0.573

n.d- bql

bql0.25b

n.d- 0.019

0.0850.496

b.d- bql

Iceland
6Reykjavik,

Iceland

Grab Sample

Influent samples
collected in 2010 and
2011and effluent

5.65- 1
5.66 -2

5.59
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6Landsspitali

Fossvogur
Hospital
Reykjavik,
Iceland
6Akureyri,
Iceland

4Hveragerdi,

Iceland

Netherlands
3Ootmarsum,
Netherlands
(7,720)

3Enschede,
Netherlands
(157,052)

Maintenance manhole

Primary treatment

2-Inf

2-Inf
2-Eff

Grab Sample

Grab Sample

Grab Sample

sample collected in
2010. Sampling was
done at convenient
time for staff.
Influent samples
collected in 2010 and
2011 and performed
at convenient times
for staff
Influent and effluent
samples collected in
2010 and 2011 and
performed at
convenient times for
staff
Sampling was done
in 2010 and
performed at
convenient time for
staff. Influent
samples collected in
2010 and 2011

5.655 ±
0.007
39.3- 1
59.0 -2
49.15 ±
13.93
2.45- 1
1.78 -2

0.234- 1
0.305- 2

2.115 ±
0.474

0.2695 ±
0.05

Primary, Secondary and
Tertiary treatment
(biological)

3-Eff

4.14
biological
treatment
4.00
gravel bed
1
4.83
gravel bed
2

Conventional activated
sludge systems (CAS),
membrane bioreactor
(MBR), biological
phosphate removal and
nitrogen removal via
nitrification/denitrification,
sand filtration
Conventional activated
sludge systems (CAS),
biological phosphate
removal and nitrogen
removal via
nitrification/denitrification,
secondary clarifiers

7

Flow proportional 24-h
samples

4, 19 Sept , 5 Oct, 710 Dec 2010

73.73
±9.45

1.82 ±
0.63

98 ± 1.0

3

Flow proportional 24-h
samples

1, 9 Sept / 1 Oct 2010

84.41 ±
13.61

1.22 ±
0.50

99 ± 1.0

Portugal
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8Coimbra,

Portugal
(213,000)

Primary and secondary
treatment with trickling
filters.

7

Time proportional composite
samples (taken over 24-h)

Primary treatment and
conventional activated
sludge (CAS)

1

Grab Samples

Samples collected
between February
and May 2011
between 10-11 am

0.72 ±
0.55

0.164 ±
0.124

~77.2

Switzerland
4Lausanne,
Switzerland
(WWTP of
Vidy)

12 May 2011

1.027
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Table B3: Concentration of Metformin (ug/L) in the influent and effluent of wastewater treatment facilities in Asia
and Africa, and associated removal rates (expressed as percentage of concentration in influent still present in
the effluent). Number in brackets below name of city is the corresponding population size.

Location
Malaysia

Treatment type

Number
of
samples

12Kajang,

Extended aeration

?

Grab Samples

Samples collected in
April 2009 (no rain
samples 3 days prior
to collection)

Primary treatment, secondary
treatment and tertiary
treatment (chlorination)

8

Composite samples

Samples collected biweekly for a period of
4 months

4.02-31.0,
Med =
14.8

< LOD4.51.
Med =
<LOD

5

Influent and effluent
samples taken each day
at 60 min intervals

Samples collected
from 06/07/201510/07/2015

mean: 3.6
– 9.3

mean:
0.170.57

Malaysia
(2,785)

Sampling method

Collection dates

Influent

Effluent

Average
removal
rate

0.016

Saudi Arabia
15Almadinah

Almunawarah,
Medina, Saudi
Arabia
South Africa
16Gauteng

Province, South
Africa
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Table B4: Concentration of Fluoxetine (ng/L) in the influent and effluent of wastewater treatment facilities in Canada,
and associated removal rates (expressed as percentage of concentration in influent still present in the effluent).
Number in brackets below name of city is the corresponding population size. Removal rate is the calculated mean.
Location
1Peterborough

(63,000)

1Burlington

(120,000)

1Little

River,
Windsor,
Canada
(79,000)
2Montreal,
Quebec,
Canada
3Canada,

WWTP B
(650,000)
3Canada,

WWTP L
(110,000)
3Canada,

WWYP A
(900,000)
3Canada,

WWTP W
(375,000)

Treatment type

Grab

Collection
dates
Jun/Jul 2002

Inf =3
Eff = 3

Grab

Jun/Jul 2002

38±3

Inf =3
Eff = 3

Grab Samples

June / July
2002

99 ± 7

1° treatment, (grit removal,
physiochemical treatment
by flocculation & suspended
sedimentation

Inf =3
Eff = 3

Composite Samples

2° treatment (biological
nutrient removal), digestion
(mesophilic anaerobic),
lagoon settling, nitrification
2° treatment (biological
aerated filter), digestion
(mesophilic, anaerobic),
dewatering centrifuge,
nitrification
2° treatment (trickling
filter/solid contact),
digestion (thermophilic
anaerobic), dewatering
centrifuge
2° treatment (activated
sludge), digestion
(mesophilic anaerobic),
dewatering centrifuge,
nitrification

Inf = 6
Eff = 6

1° treatment, 2° treatment
(activated sludge and
seasonal chlorine
disinfection
1° treatment, 2° treatment
(activated sludge and
seasonal chlorine
disinfection
1° treatment, 2° treatment
(activated sludge and
seasonal UV disinfection)

#
samples
Inf =3
Eff = 3

Sampling method

Influent

Effluent

Removal
rate

50±5

12 June 2007
/
11 Sept 2007

3.5 ± 0.306/12/2007
3.1 ± 0.309/11/2007

3.7 ± 0.106/12/2007
2.0 ± 0.109/11/2007

24-h equal volume
composite samples of
raw influent and effect
collected
24-h equal volume
composite samples of
raw influent and effect
collected

Sept 2009
/
April 2010

16 ± 3
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Mar 2009
/
Aug 2009

20 ± 10

8.6 ± 0.8 -Sept
2009
6.6 ± 2.6- Apr
2010
9.8 ± 4.1- Mar
2009
13 ± 10- Aug
2009

Inf = 6
Eff = 6

24-h equal volume
composite samples of
raw influent and effect
collected

Jul 2009

26 ± 2

20 ± 2

24

Inf = 6
Eff = 6

24-h equal volume
composite samples of
raw influent and effect
collected

Aug 2009

18 ± 3

11 ± 2

42

Inf = 6
Eff = 6

10 ± 4

17 ± 13

32
50
27
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3Canada,
WWTP N
(75,000)

USA
Iowa,
USA

6Ankeny,

6Boulder,
Colorado, USA
7Ankeny,

Iowa,
USA

9Oak

Creek,
Wisconsin,
USA

7Boulder,
Colorado, USA

8Las

Vegas,
USA
(650,000)

1° treatment, (chemically
enhances alum, ferric
chloride), digestion
(mesophilic, anaerobic),
dewatering centrifuge

Inf = 6
Eff = 6

24-h equal volume
composite samples of
raw influent and effect
collected

Jul 2009

9 ± 0.2

7.6 ± 0.8

2° treatment (fine bubble
aeration basis, final
clarifiers and UV
disinfection)
2° treatment (trickling
filters/ solids, chlorination/
dichlorination)

3

Equal-width- integrated
(EWI) composite
samples

03 Sept 2003
and 19 Apr
2005

<14

3

Equal-width- integrated
(EWI) composite
samples

03 Sept 2003
and 19 Apr
2005

< 14

2° treatment (fine bubble
aeration basis, final
clarifiers and UV
disinfection)
Activated sludge treatment,
aeration basins and
secondary clarifiers.
Tertiary treatment (chlorine
disinfection)

3-2005
2- 2006

Mar 2005
and
Apr 2006

4.22 ± 0.5
(4.4-4.59)
16.2, 29, Avg =
22.6

Trickling filters/ solids
contract, nitrification and
chlorination/ dichlorination.

3- 2005
2- 2006

Tertiary treatment with
chlorination as a final
disinfectant

5

Lagrangian sampling
design

Sampling taken over 24h period. Flow
proportional composite
influent and time
proportional composite
effluent
Lagrangian sampling
design

May, Jun,
Aug, Oct
2009 & Apr,
Jun 2010

2009:
18-95, Med = 42
2010:
6.1-12, Med=
9.05

Apr 2005
and
July2006

6

Grab Samples

17 ± 6.2

16

n.d. - 96, Med =
59.5
5.1-14, Med =
9.55
9±6
(7.22-11.70)
39.2, 43.2, Avg
= 41.2
25 ± 1.6
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Table B5: Concentration of Fluoxetine (ng/L) in the influent and effluent of wastewater treatment facilities in Europe,
and associated removal rates (expressed as percentage of concentration in influent still present in the effluent).
Number in brackets below name of city is the corresponding population size.

Location
Norway
4Vestfjorden
Avløpsselskay (VEAS)
WWTP, Norway
(440,000)
5Langnes Trons,
Norway
(17, 500)

Treatment type

Number of
samples

Filtration, sedimentation,
nitrification and denitrification

Collection
dates

Influent

Effluent

Influent and Effluent
72-h composite
samples collected

22 Mar 2007

18.7 (0.9)

8.4 (22.9)

Influent and Effluent
24-h composite
samples collected

Feb 2, 6, 12,
14
1.1 (22.9)

3.2 (22.0),
3.9 (22.3),
3.0 (4.8), 3.1
(17.1)

Sampling method

April 26
May 23
June 20

5.4 (25.7)

0.6 (20.0)
1.2 (20.3)
4.8 (51.8)

<MDL –
29.7

n.d. - < MQL

Average
removal
rate

Portugal
5Coimbra,

Portugal
(213,000)

Primary and secondary
treatment with trickling filters.

7

Time proportional
composite samples
(taken over 24-h)

Feb and May
2011
between 1011 am

Spain
6El-

9El

Ejido, Spain
(64,000)

Primary settling of particulates
and anoxic-aerobic biological
treatment with activated
sludge

Prat de Llobregat,
Spain
(2, 000, 000)

Physical pre-treatment,
primary settling and anoxicaerobic biological treatment
with activated sludge, UV
disinfection
Activated sludge treatment
which was updated to
biological nutrient-removal
step

4Alcalá

de Henares,
Spain
(375,000)

Samples
collected
monthly Jan
2007 to May
2008

<LOD/<LOQ920
Mean= 77
Mean = 2.8

Monthly
basis from
Jan 2007 to
May 2008

16-2000
Mean = 270
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7Terrassa,

Barcelona,
Spain
(277,000)

Primary sedimentation,
secondary (biological)
treatment

Inf= 9
Eff= 9

Samples taken as
flow-proportional
composite samples
taken every hour
over 24-h period

Samples
collected
during Mar
and Apr
2007

Biological treatment (anoxic
step and aerobic
decomposition, aeration basin
with activated sludge),
chemical treatment (removal of
phosphorus)

Inf = 3
Eff = 3

Time-integrated
sampling

Samples
collected
during 13, 14
June 2007 &
1, 2 Apr
2008

120- 2300
Mean = 573

Sweden
5Kristianstad,

Sweden
(150,000)

11.0 ± 6

<LOD
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Table B6: Concentration of Fluoxetine (ng/L) in the influent and effluent of wastewater treatment facilities in Asia,
and associated removal rates (expressed as percentage of concentration in influent still present in the effluent).
Number in brackets below name of city is the corresponding population size.

Location

Treatment type

Number of
samples

Sampling method

Effluent

Effluent samples collected
every hour during a 12-h
period from morning to
evening (6-7 am)
Effluent samples collected
every hour during a 12-h
period from morning to
evening (6-7 am)
Effluent samples collected
every hour during a 12-h
period from morning to
evening (6-7 am)
Effluent samples collected
every hour during a 12-h
period from morning to
evening (6-7 am)

11, 16
Mean = 13.5

Saudi Arabia
3Saudi

Arabia, WWTP #1

3Saudi

Arabia, WWTP #2

3Saudi

Arabia, WWTP #3

3Saudi

Arabia, WWTP #4

Primary clarification; biological
treatment (non-nitrifying), secondary
clarification; multi-media filtration;
chlorination
Screening; membrane bioreactor
(nitrifying/denitrifying); chlorination
Primary clarification; biological
nutrient removal
(nitrifying/denitrifying) including bioP; UV disinfection
Primary clarification; biological
nutrient removal
(nitrifying/denitrifying); chlorination

2

2

32, 13
Mean = 22.5
295
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PART C:

Concentrations of drugs in effluent of six Canadian wastewater treatment facilities
By: Danielle Montocchio
1.0 Background and Study Approach
The data used for this analysis were collected by Shirley Anne Smyth and her team at
Environment and Climate Change Canada (ECCC) at seven wastewater treatment plants
(WWTPs). These data were provided without attribution to location and we will refer to
each facility by their assigned Plant ID. Between 2010 and 2012, 39 influent and effluent
samples, and 27 biosolids samples were taken cumulatively from all WWTPs (see Table C.1).
Water samples of influent and effluent discharge were extracted as 24-hour composites,
stored in stainless steel tanks and refrigerated. Biosolids were sampled with a grab sampler
and stored in stainless steel tanks. Both influent/effluent and biosolids were sampled for
three days per season.
All samples were sent to Axys Analytical Services Ltd. for concentration determination
of various pharmaceuticals, including Metformin and Fluoxetine (but not Gliclazide. ECCC
used a standardized methodology involving high performance liquid chromatography/mass
spectroscopy/mass spectroscopy (HPLC/MS/MS) to analyze the solid and aqueous samples.
Quality Assurance Quality Control were determined with use of lab and field blanks, spiked
matrices, and percent recoveries of known pharmaceutical concentrations. Overall, the data
can be considered reliable, particularly for Fluoxetine as it was not detected in any lab
blanks and had a percent recovery from 88.50-114%. Less accurate, but still reliable,
Metformin was detected in four lab blanks, and had a percent recovery ranging from 14.70117%.
Table C1. Summary of wastewater treatment plants sampled by Smyth (unpub. Data).1
Plant
ID
J
TB

Treatment Type
Facultative
Lagoon (FAL)
Aerated Lagoon
(AEL)

Sampling Points
influent, effluent
influent, effluent

U

Primary (PRI)

influent, effluent, biosolids

MH

Secondary (SEC)

influent, effluent, biosolids

OX

Secondary (SEC)

influent, effluent, biosolids

Q

Secondary (SEC)

influent, effluent, biosolids

E

Advanced (ADV)

influent, effluent, biosolids

1Table

Sampling Dates

Retention
Time Rank

summer 2010,
winter 2011
summer 2011,
winter 2012
summer 2010,
winter 2011
summer 2011,
winter 2012
summer 2011
summer 2010,
winter 2011
summer 2010,
winter 2011

1
2
7
5
3
6
4

adapted from Shirley Anne Smyth’s presentation (ECCC, January 19, 2019).
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2.0 Statistical Analyses
All undetected samples were assigned a value half that of the detection limit. There
were none in the case of metformin and 13 in the case of Fluoxetine, and zero non-detects in
the biosolids samples. Samples that had duplicates were assigned an average concentration.
From influent and effluent concentrations, removal efficiency (RE) was calculated as follows:
(1)

RE =

(&'()*+', -.'-+',/0,&.' 1+(()*+', -.'-+',/0,&.')
&'()*+', -.'-+',/0,&.'

X 100%

Negative REs (where the effluent concentration was greater than the influent) were
assigned a RE of 0%. WWTP were assigned a retention time rank, 1 to 7, where the WWTP
with the longest retention time was assigned a rank of 1, and so on, until the WWTP with the
shortest retention time was assigned a rank of 7 (Table C1). This ordination removed
absolute differences between WWTPs, given that there was a large time scale of retention
times from three hours to six months. Therefore, we are comparing relative differences. As
discussed in Part B, retention time was hypothesized to be a significant influential factor of
RE. The ranking was also used to assess patterns in biosolids concentrations, except in this
case, the ranking ranged from only 1 to 5, since lagoon treatment types (J and TB) did not
have biosolids. We predicted that if a longer retention time allowed for more of the drugs to
be absorbed into the active sludge, than RE should increase with longer retention times
(Conkle, White, & Metcalfe, 2008). If this is the case, then the biosolids concentrations of the
pharmaceutical should be higher as well, since we predicted that the compound would settle
out into the sludge and become removed from the aqueous column.
Early in the analysis, we eliminated the potential effect of seasonality on our data.
Therefore, the data were pooled by WWTP, irrespective of date of collection. Given the nonnormality of the dataset, and the small sample sizes, we used Mood Median tests to
determine statistically significant differences between groups with respect to median
effluent concentrations, median REs, and median biosolids concentrations by WWTP ID,
WWTP type, and retention time rank for both Metformin and Fluoxetine (Park & Desu,
1999). For all significant Mood Median tests (p < 0.05), we performed post-hoc pairwise
comparison of medians to determine significant differences. All statistical analyses were
performed with the statistical software R (R Core Team, 2019).
3.0 Results and Discussion
Since MT is more widely prescribed than FLX because of the widespread use of the
former for Type-2 diabetes and other diabetic-related diseases that are so prevalent in
Canada, we will report Metformin in µg/L and Fluoxetine in ng/L (Tables C2 and C3,
respectively). For Metformin, RE ranged from 0% for the primary treatment WWTP to 97%
for the facultative lagoon WWTP (Table C2). Unexpectedly, the largest influent
concentrations of Metformin were found in facultative lagoon, with a maximum of 205 µg/L,
even though this WWTP processed sewage from the smallest of seven communities tested.
Despite this, the absolute effluent concentration in the facultative lagoon was also the lowest
of the seven WWTPs, which is reflected in its high RE.

65

66

Table C2. Metformin median concentrations in wastewater treatment plant (WWTP)
influent, effluent, and biosolids, as well as their respective removal
efficiencies (RE)1. Numbers in parenthesis represents range of values. Where:
FAL = facultative lagoon, AEL = aerated lagoon, PRI = primary WWTP, SEC =
secondary WWTP, ADV = advanced WWTP, N/A = not available. Subscripted
letters in treatment type represent the ID’s used for the 7 sampled WWTP.
Treatment
Type

Influent (µg/L)

183.75
(162.50 – 205.00)
68.15
AELTB
(39.40 – 96.30)
36.20
PRIU
(34.80 – 37.90)
69.60
SECMH,OX,Q
(33.20 – 95.30)
103.00
ADVE
(97.20 – 150.50)
1Smyth (unpub. Data)
FALJ

Effluent
(µg/L)
6.15
(5.18 – 7.12)
23.10
(21.30 – 64.60)
40.20
(36.80 – 44.70)
10.22
(0.84 – 46.50)
10.40
(8.96 - 10.50)

RE (%)
96.54
(95.62 - 97.47)
46.58
(30.24 - 76.22)
0.00
87.50
(0.00 - 99.08)
89.81
(89.30 - 94.05)

Biosolids
(ng/g)
N/A
N/A
710.50
(471 - 854)
11.60
(2.78 - 2960)
508.50
(411 - 645)

Table C3. Fluoxetine median concentrations in wastewater treatment plants’
(WWTP) influent, effluent, and biosolids, as well as their respective
removal efficiencies (RE)1. Numbers in parenthesis represents range of values.
Where: FAL = facultative lagoon, AEL = aerated lagoon, PRI = primary WWTP, SEC
= secondary WWTP, ADV = advanced WWTP, N/A = not available. Subscripted
letters in treatment type represent the ID’s used for the 7 sampled WWTP.
Treatment
Type

Influent (ng/L)

Effluent (ng/L)

RE (%)

23.53
(17.50 - 30.50)

1.68
(0.77 - 3.98)

6.20
(2.56 - 17.10)
5.03
(2.74 - 8.77)

0.76
(0.70 - 4.15)
3.88
(2.48 - 5.09)

91.76
(85.20 97.42)
87.9
(0.00 - 95.56)
19.71
(0.00 - 47.21)

SECMH,OX,Q

17.60
(6.40 - 30.20)

16.10
(12.80 - 19.40)

11.11
(0.00 - 42.74)

ADVE

30.35
(24.50 - 42.70)

23.25
(19.90 - 26.40)

20.07
(15.79 50.59)

FALJ
AELTB
PRIU

1Smyth

Biosolids
(ng/g)
N/A
N/A
15.60
(13.2 – 22.00)
73.70
(43.20 –
104.00)
108.00
(88.40 –
118.00)

(unpub. Data)
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In the case of Fluoxetine, REs ranged from 0% in three of the WWTP types (aerated
lagoon, primary and secondary treatment) to 97% once again in the facultative lagoon
(Table C3). Also consistent with Metformin, the concentration of Fluoxetine was
considerably higher in the influent of the facultative lagoon (30.50 ng/L), second only to the
advanced treatment WWTP (42.70 ng/L). The influent concentrations of pharmaceuticals
being high in the advanced treatment WWTP was not unexpected however, as it processed
sewage from one of the largest populations of the seven WWTP tested. In contrast to
Metformin however, the advanced treatment did not remove nearly as much of the
Fluoxetine, with a maximum RE of 51%, nearly half that of the RE of Metformin (94%).
Metformin appeared to be released in similar concentrations by all five WWTP types, despite
widely varying influent concentrations (Figure C1). Only the median concentration of the
aerated lagoon was significantly higher than that of the secondary treatment type.
Nevertheless, both were statistically homogenous with other WWTP types (Figure C1). If we
assume that these are representative of other WWTPs, then the effluent concentration of
Metformin discharging into the environment will likely range from 6.15 µg/L to 40.20 µg/L
(Table C1). The upper end of this range from the primary treatment WWTP is within
ecologically relevant concentrations that could elicit adverse impacts on aquatic biota (see
Part A).
Median effluent concentrations appeared to vary moreso with Fluoxetine, ranging
from 0.76 ng/L in the aerated lagoon WWTP to 23.25 ng/L in the advanced treatment
WWTP (Figure C2). The median effluent concentration associated with the advanced
treatment WWTP was significantly higher than that for any other facility. This was followed
by effluent from the secondary treatment facility, and then the primary treatment facility,
and finally by the two lagoon WWTP types (facultative and aerated) (Figure C2). This trend
appears to directly reflect the size of the communities served, with greatest concentrations
of pharmaceutical being discharged from the largest communities. These concentrations,
however, are several magnitudes lower than those in ecotoxicological studies (see Part A).
This suggests that Fluoxetine on its own, at current environmental concentrations, will not
likely have an adverse impact on receiving water bodies. For both Metformin and Fluoxetine,
we observed an increasing trend in RE and biosolids concentration with retention time
(Figures C3 and C4). Differences between RE were not statistically significant for Netformin,
and this is likely attributable to the variability in the data because of its small sample size
(Figure C3a). Despite this, we still observed a positive relationship between retention time
and RE for Metformin. Compared to past studies, published RE of Metformin in wastewater
has been highly variable, ranging from 41% to >98% (Blair et al., 2015).
The good performance of lagoons in removing Fluoxetine from effluent has been
reported in past studies; an aerated lagoon in Illinois, USA had a RE of 77% (Li, Zheng, &
Kelly, 2013). As was discussed in Part A, this relationship appears to be related to Fluoxetine
being readily adsorbed to the sediment, or in the case of WWTPs, the activated sludge
(Bringolf et al., 2010). This may explain why lagoons tended to perform considerably better
than other treatment types, as they usually have longer retention times. The large range
found for the RE of Fluoxetine in the aerated lagoon (TB) may be because of different
sampling times (two of three samples collected in the summer and one in the winter; Figure
C3b). This could indicate a potential seasonal effect of temperature on the removal efficiency
of pharmaceuticals in at least the lagoon WWTP types, as they are exposed to the elements
(Garcia-Rodríguez et al., 2014).
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Figure C1. Tukey boxplots of concentrations (µg/L) of metformin in influent and effluent
by a) WWTP and b) WWTP type. Subscripted letters represent WWTP ID (Smyth,
unpub. Data). WWTPs that share the same letter had median concentrations in
effluent that were statistically homogeneous (α = 0.05). FAL = facultative lagoon, AEL
= aerated lagoon, PRI = primary treatment, SEC = secondary treatment, ADV =
advanced treatment

Figure C2. Tukey boxplots of concentrations (µg/L) of fluoxetine in influent and effluent by a)
WWTP and b) WWTP type. Subscripted letters represent WWTP ID (Smyth, unpub.
Data). WWTPs that share the same letter had median concentrations in effluent that
were statistically homogeneous (α = 0.05). FAL = facultative lagoon, AEL = aerated
lagoon, PRI = primary treatment, SEC = secondary treatment, ADV = advanced treatment.
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Figure 3. Tukey boxplots of removal efficiency (RE) of a) metformin and b) fluoxetine by
retention time rank. The longer the retention time, the lower the retention time rank.
Subscripted letters represent WWTP ID and type (Smyth, unpub. Data). WWTPs that share
the same letter had median concentrations in effluent that were statistically homogeneous
(α = 0.05). FAL = facultative lagoon, AEL = aerated lagoon, PRI = primary treatment, SEC =
secondary treatment, ADV = advanced treatment

Figure 4. Tukey boxplots of biosolids concentration (µg/g) of a) metformin and b) fluoxetine
by retention time rank. The longer the retention time, the lower the retention time rank.
Subscripted letters represent WWTP ID and type (Smyth, unpub. Data). WWTPs that share
the same letter had median concentrations in effluent that were statistically homogeneous
(α = 0.05). FAL = facultative lagoon, AEL = aerated lagoon, PRI = primary treatment, SEC =
secondary treatment, ADV = advanced treatment
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Aside from one discrepancy in both the median values of Metformin and Fluoxetine
concentrations in biosolid (primary treatment in Metformin and advanced treatment in
Fluoxetine) there was a negative relationship between biosolids concentrations and
retention time rank, which suggests a positive relationship between biosolids concentration
and retention time (Figure C4). The trend, however, is less clear for Metformin, which may
be due to chemical properties different from Fluoxetine. While Fluoxetine easily adsorbs
onto substrate, Metformin has a high decomposition rate, and can break down into its
metabolites relatively rapidly (Blair et al., 2015).
4.0 Overall conclusion
We offer the following three conclusions based on these results.
1. Lagoons, particularly facultative lagoons, perform very well in terms of removal efficiency
of Metformin and Fluoxetine from the aqueous environment. The reason for this may be
the longer retention time that is expected to allow a longer period for Metformin to
degrade into smaller parent compounds and/or allow Fluoxetine to be adsorbed onto
anoxic sediment in the lagoon.
2. The current levels of Fluoxetine in wastewater effluent will not likely pose harm to
aquatic biota in receiving water bodies. By contrast, the high concentrations of Metformin
in effluent of certain WWTP types (e.g. primary treatment) may pose a real threat to biota
living immediately downstream of the effluent.
3. Variable REs associated with different treatment types for these two compounds indicate
that there is not a “one size fit-all” solution to treating pharmaceuticals in wastewater.
The differing chemical properties of PPCPs (lipophilic versus lipophobic) means that
compounds of higher priority need to be determined and removed by the most
appropriate treatment type.
Our conclusions are based on only seven WWTPs, with some treatment types
represented by a single facility. Moreover, these treatment plants were only sampled for a
short time period. These factors limit our ability to extrapolate our results to other WWTPs
across Canada. Until future studies are conducted to expand this dataset, however, these
trends should provide an excellent starting point with which to predict potential trends and
threats to Canadian streams and rivers from the presence of PPCPs in WWTP effluent.
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