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What is in the environment?

What are the concerns?

What are some solutions?



What is in the environment?
This story starts in the toilet …..



Good pic of wastewater



What is in the environment?
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Number of 
Sampling Sites:

81
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2

Wilkinson et al., 2022, PNAS

What is in the environment?

104 countries
>1000 sites

61 active 
pharmaceutical 

ingredients (APIs)



What is in the environment?



Sites Most Contaminated with APIs
What is in the environment?



What is in the environment?
Widespread contamination of many pharmaceuticals + 

complex mixtures

52 APIs found 

What is in the environment?
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Blood sugar reducer
Painkillers
Stomach acid reducer
Anti-seizure
Heart or Cholesterol drug 
Allergy drug 
Caffeine, Nicotine
Antibiotics

What is in the environment?
APIs in Hamilton Effluents > 100 ng/L

J. Parrott, Environment and Climate Change Canada



(adapted from Bernhardt et al. Front. Ecol. Environ. 2017)

+ 24% from 2015

What are the concerns?



Drug targets evolutionarily  

conserved across phyla
Designed to have biological 

effects at low doses
Persistent in the 

environment

What are the concerns?
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What are the concerns?

43.5% of the 1,052 sampling 
locations had concentrations of at 
least one pharmaceutical of concern 
(Bouzas-Monroy et al. 2022 ET&C)

21 APIs of concern
analgesics, antibiotics, antidepressants, anticonvulsants, antifungals, 

antihistamines, β-blockers, calcium channel blockers, stimulants 
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What are the concerns (for fish)?

Blood lipid regulators – lipids 
Diabetes medication – reproduction
Antidepressants – behaviours
Anti-inflammatories – growth, reproduction



What are the concerns?
Estrogens feminize male fish

Male fish with eggs



What are the concerns?
Do we have feminized male fish in Canada, eh?

South Saskatchewan River, AB

Occur where
1) Human population

high
2) Treatment is poorer
3) Dilution is lower

Wascana Creek, SK

St. Lawrence River at Montréal

Grand River, ON



What are 
some 

solutions?

• Newer Wastewater Systems Effluent Regulations
• 3,100 projects across Canada
• $3.89 billion invested in Ontario



What are some solutions?
Wastewater treatment plant upgrades 

improve effluent quality

Hicks et al. 2017 ES&T

after upgrade
(2012-15)

before 
upgrade
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What are some solutions?



What are some solutions? 
Principles of green chemistry



Take Home Messages

• Pharmaceutical pollution of freshwater ecosystems 
a global issue

• Many locations have levels that pose a risk to 
aquatic life

• Solutions include
• Improved wastewater treatment
• Use of Green Chemistry Principles in drug design


