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An impressive range of world-class research infrastructure at the University of Saskatchewan (USask) enables insights that support 
community health and well-being, says USask President Peter Stoicheff (centre). This includes the Aquatic Toxicology Research Facility, 

where Natacha Hogan and Markus Brinkmann (right) study human impacts on water quality and fish health. USASK

hen coho salmon in the Pa-
cific Northwest came floating 

downstream belly up after waiting 
for rainfall that would enable them 
to swim to their spawning grounds, 
scientists were puzzled. The cause 
for this mass mortality event was 
not immediately obvious – and 
the resulting uncertainty hampered 
mitigation efforts. 

Similar to a good detective story, 
a decade-long search for answers 
started with casting a wide net for 
potential suspects – and ended 
with the positive ID of the culprit: a 
chemical called 6PPD, says Markus 
Brinkmann, associate professor 
in the School of Environment and 
Sustainability and director of the 
Toxicology Centre at the University 
of Saskatchewan (USask), whose 
team examined the toxicological 
workings and impacts of 6PPD. 

Aiding the investigation was 
a process called high-resolution 
mass spectrometry, which enables 
scientists to look at the entire lineup 
of chemicals present in a particular 
environment. “Using a set of chemi-
cal tools allows us to study complex 
samples and mixtures and identify 
the chemicals responsible for spe-
cific events,” says Dr. Brinkmann. 
“In this case, 6PPD, which is used in 
tires to protect them from becoming 
brittle, was shed on the road and 
became oxidized to form 6PPD-
quinone.”

When this compound enters 
waterways as roadway runoff, 
it is “super toxic to salmon,” he 
says. “It’s one of the most toxic 
chemicals known to kill salmon in 
the nanogram-per-litre range. Just 
picture throwing a couple grains of 
salt into an Olympic-sized pool.”

While these findings were “eye-
opening for everyone,” the detec-
tive work was far from done, as 
stakeholders needed to understand 
why the molecule was so toxic – 
and whether it affected other fish 
species as well, Dr. Brinkmann says. 
“Through follow-up studies, our 

group determined that other com-
mon test species, such as rainbow 
trout and brook trout, are also 
strongly affected. However, other 
species, including white sturgeon, 
fathead minnows and white suckers, 
didn’t show any sensitivity to this 
chemical, which is really puzzling.”

Toxicology research at USask 
includes a unique blend of meth-
ods ranging from molecular and 
chemical analyses to studies on 
how organisms respond to chemical 
exposure on a cellular level. This is 
complemented by going into the 
field to look at populations of fish 
and other aquatic animals – as well 
as identifying the pathways by which 
chemicals enter aquatic systems, 
for example, through municipal or 
industrial wastewater. 

“We’re interested in human 
impacts on water systems,” says 
Natacha Hogan, associate professor 
in the Department of Animal and 
Poultry Science at USask’s College 
of Agriculture and Bioresources and 
a member of the Toxicology Centre. 
“We look at what is put into our wa-
ter systems – either intentionally or 
inadvertently – and how this affects 
the dynamics in freshwater systems, 
including fish health.”

End-of-pipe effluent coming from 
industry or households often rep-
resents “a complex mix that could 
contain pharmaceuticals, chemi-
cals from personal care products, 
cleaning agents, detergents and 
other compounds, plus roadway 
runoff like road salts and pesticides,” 
says Dr. Hogan. “Mixture toxicity is 
often highly complex. You need to 
become a detective to identify what 
groups or chemicals cause toxicity 
so you can devise treatments or 
measures for reducing this toxicity.” 

What can make such investigations 
challenging are “events we don’t 
anticipate,” she notes. “For example, 
our use of chemicals changed signifi-
cantly with the COVID-19 pandemic. 
As we started to rely much more on 
sanitizers and cleaning agents, this 
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was reflected in the composition of 
our wastewater.”

Changes in human activities, in this 
case aimed at creating better health 
outcomes by reducing microbial 
pathogens, can lead to unintended 
downstream effects, and Dr. Hogan 
cautions that increases in volumes of 
– or even substitutions for – certain 
substances can affect the overall bal-
ance of chemicals in water systems, 
leading to “emerging contaminants 
of concern, where we don’t know 
their toxicity to fish and other organ-
isms.”

Dr. Hogan’s group is currently 
examining whether “emerging 
antimicrobial compounds” that have 
seen increased use during the CO-
VID-19 pandemic have similar toxicity 
to fish and other aquatic organisms 
as compared to the well-known anti-
microbial triclosan. This chemical has 
been either banned or significantly 
limited in its use worldwide, due to 
concerns over its toxicity and poten-
tial for antimicrobial resistance. While 
antimicrobials usually do not cause 
rapid mortality in fish, they can upset 
the delicate balance of important 
microbes on their gills and body 
as well in their intestine, which can 
negatively impact the health of fish.

Enabling the study of such com-
plex and dynamic systems – from 
human and veterinary toxicology 
to environmental toxicology – is an 
impressive research infrastructure at 
USask, which Dr. Brinkmann refers to 

as “toxicology wonderland.
“Most labs don’t have the capacity 

to work on cold-water native fish 
species of relevance to Canada since 
this requires big tanks with lots of 
cold clean water,” he notes. “Our 
Aquatic Toxicology Research Facility 
[ATRF] is unique in terms of equip-
ment, infrastructure and talent, mak-
ing it a top destination for toxicology 
research globally. We also have a 
fleet of research vessels for going 
into the field.”

WORLD-CLASS INFRASTRUCTURE 
AND INTERDISCIPLINARY 
COLLABORATION
The ATRF is part of the university’s 
“unparalleled science infrastructure,” 
says USask President Peter Stoicheff. 
“We have a range of world-class labs 
and facilities, such as Canada’s only 
synchrotron facility, the Canadian 
Light Source, and the Vaccine and 
Infectious Disease Organization 
[VIDO]. Other leading research 
centres include the global institutes 
for food and water security, which 
bring together teams from different 
disciplines, different organizations 
and even different countries to look 
for solutions to some of today’s 
most pressing challenges.”

Another leading endeavour hosted 
at USask is Global Water Futures, the 
biggest university-led water research 
program in Canada – and one of the 
biggest in the world. 

“All these efforts have been 
inspired by the realization that the 
larger challenges that face the world 
aren’t going to be solved by a single 
discipline. And they’re not going to 
be solved by a single university,” 
says Dr. Stoicheff. “They can only be 
solved by people from a variety of 
disciplines and backgrounds working 
together.”

Research hubs allow faculty and 
researchers to come together and 
“discuss new solutions or novel strat-
egies for approaching big challenges, 
such as environmental water quality 
issues,” says Dr. Hogan. “There is an 
important knowledge spillover effect 
for our students. It means the next 
generation of scientists gets exposed 
to people working in their core area 
as well as experts across different 
disciplines. 

“Students not only get the benefit 
of gaining a wider perspective on 
their project – they also learn valu-
able competencies that allow them 
to communicate and collaborate 
effectively,” she adds. “This makes 
them sought-after candidates in the 
job market later on.”

USask’s research infrastructure – 
paired with an impressive conven-
ing power – have helped to attract 
researchers and students from over 
130 countries around the world, 
Dr. Stoicheff explains. “They are 
all converging here because of our 
excellent facilities and interdisciplin-
ary environment.”

While the focus on cross-disci-
plinary collaboration is intentional, 
certain conditions work in the univer-
sity’s favour. For example, “with 17 
colleges and schools, there is a high 
number of disciplines represented on 
campus,” he says. “We’re one of the 
top 15 research-intensive Canadian 
universities. And we’re the smallest 
in this group – so coming across 
potential partners from a variety of 
different disciplines happens quite 
naturally for our researchers.”

USask also encourages collabora-
tion among colleges and schools 

through its nine signature areas of 
research, which include Agriculture, 
Communities and Sustainability, 
Indigenous Peoples, One Health, 
Water Security, and more, says Dr. 
Brinkmann. “These fields have been 
identified by the campus commu-
nity to be of strategic importance 
– and there are concerted efforts to 
bring teams together to collaborate 
on research related to these topics, 
including in toxicology.”

Tangible results reach well beyond 
the university’s campus, according 
to Dr. Stoicheff. “Among the recent 
list of the 425 fastest growing com-
panies in Canada, seven are located 
in Saskatoon, and five of these were 
started by USask graduates,” he 
says. “There is a very close connec-
tion between our research and the 
dynamic innovation ecosystem in 
Saskatoon.”

FROM INSIGHTS TO IMPACT
Translating knowledge into concrete 
outcomes is also an important focus 
for the Toxicology Centre team, says 
Dr. Hogan. “For our results to have 
an impact, they need to be commu-
nicated to a range of stakeholders, 
including industry, government and 
regulators so that laws, regulations 
– and interventions – are based on 
solid scientific data.”

That’s why “we are not seeing 
ourselves as academics sitting in 
ivory towers anymore,” notes Dr. 
Brinkmann. “We actually need to 
be connecting with communities 
and actively seeking [outreach] op-
portunities.”

The detective work that helped 
identify 6PPD-quinone, for example, 
was just the beginning, since it led 
to the big question on how to solve 
the problem. Dr. Brinkmann and his 
colleagues propose two potential 
avenues for moving forward. 

“One, you can address 6PPD at 
the source: the tire. We recently had 
meetings with the tire industry and 
researchers to help identify steps 
for replacing this chemical without 
impacting passenger vehicle safety 
and while avoiding regrettable 
substitutions,” he says. “The other 
option is to work with stormwater 
utilities to prevent untreated road-
way runoff from entering streams.”

The team works closely with 
municipalities to protect fish from 
harm and – by extension – protect 
the economy, says Dr. Brinkmann. 
“These species are important for 
commercial, recreational and Indig-
enous fisheries. Salmon are also 
culturally significant to many First 
Nations people.”

First Nations in the Columbia 
River area have used the concept 
of Wy-Kan-Ush-Pum – “we are all 
salmon people” – as a rallying call 
to all coastal people in the Pacific 
Northwest to protect and restore 
salmon stocks. 

The toxicology detectives at the 
University of Saskatchewan have 
provided important insights and 
pathways to action for one of the 
many challenges affecting salmon 
populations, which have declined 
dramatically due to the complex 
issues affecting their habitat in both 
freshwater and marine environ-
ments. 

“We have to approach such 
challenges with a systems-thinking 
mindset so we can solve one prob-
lem without creating another,” says 
Dr. Brinkmann. “And toxicology 
obviously has a role to play in that.”
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HAPPY CLIMATE  

Extreme weather events, like the severe 
wildfires, heat domes, tornados and atmospheric 
rivers causing devastating floods that have been 
observed in Western Canada over the past 
decade, drive home the urgency to address the 
climate crisis. 
Yet while the majority of climate scientists 
agree that human activities are warming the 
planet, there are still disbelievers, about 13 per 
cent, among conservative-voting Canadians. 
Researchers at the University of British Columbia 
(UBC) are investigating what might explain this 
divide – and how we can respond. 
With equipment funded by the Canada 
Foundation for Innovation, including eye-
trackers and virtual reality headsets, Jiaying 
Zhao, Canada Research Chair in Behavioural 
Sustainability and an associate professor in the 
Department of Psychology and the Institute 
for Resources, Environment and Sustainability 
at UBC, has been exploring how participants 
across the political spectrum react when shown 
evidence of climate change. 
So far, she found that liberal individuals show 
heightened attention to the issue while politically 
conservative individuals become more distanced 
and skeptical. This indicates a need to tailor 
communication strategies, says Dr. Zhao, rather 
than relying on a one-size-fits-all approach.
The narrative around climate change has tended 
to be one of shame, guilt and sacrifice, she says, 
with some people feeling overwhelmed by the 
scale of the problem and responding by ignoring 
the need for action or rejecting climate science 
altogether.
“So part of my research involves asking: How 
can we turn climate action into something 
rewarding?” says Dr. Zhao. “For example, 
instead of shaming people for driving, focus on 
the positives of cycling: you’re getting exercise, 
you’re out in nature, you’re saving money.”

To pursue this idea, Dr. Zhao teamed up 
with social psychologist Elizabeth Dunn, a 
UBC colleague who studies happiness. The 
two developed Happy Climate, a free online 
workshop that teaches people how to reduce 
their carbon footprint through actions that make 
them happier.
Dr. Zhao and Dr. Dunn hope to test whether this 
approach can lead to lasting behaviour change 
on a societal level. The idea is that the workshop 
may shift social norms as people model the 
behaviours it inspires.
“This is looking at behavioural change at 
the individual level and trying to generate a 
groundswell in addition to changing things 
from a policy or collective level,” says Dr. Dunn. 
“We hope to find a spillover effect – that when 
people make personal changes to reduce their 
carbon footprint, they are more motivated to 
demand climate policies from governments, 
businesses and institutions.”

UBC researchers advocate for a different approach to climate 
change – one that includes a shift in perspective, such as 
focusing on positive aspects of environmentally friendly 
behaviours like cycling. DIMENSIONS VIA GETTY IMAGES
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