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ABOUT
Reducing the Impact of Pharmaceuticals in the Great Lakes is a joint project of Pollution Probe and the Clean Water 
Foundation.

 �Pollution�Probe is a Canadian charitable environmental organization (established in 
1969) that is a leading agent of change at the intersection of communities, health and 
environment. Its approach is to define environmental problems through research, to promote 
understanding through education and to press for practical solutions through advocacy. 
Pollution Probe seeks to improve the health and well-being of Canadians by advancing policy 
that achieves positive and tangible environmental change.

 �The�Clean�Water�Foundation is a Canadian not-for-profit organization dedicated to 
engaging individuals in actions that preserve, protect and improve our water. It works in 
partnership with public, private and charitable interests to create policies and programs that 
encourage water friendly behaviour. The foundation focuses on issues where individual 
action is both the cause and the solution to water challenges.
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The Great Lakes are a unique resource of immense value to Canada and the United 
States, especially to the Province of Ontario and the eight bordering Great Lakes States. 
They face many threats, including wetland losses, invasive species, eutrophication, toxic 
substances and climate change. Over the past decade, pharmaceuticals have received 
increased attention as contaminants in the lakes, with concerns related to adverse 
impacts on aquatic ecosystems and potentially on human health.

EXECUTIVE SUMMARY
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This study by Pollution Probe and the Clean Water 
Foundation examines the sources, pathways and impacts 
of pharmaceuticals in the Great Lakes. It provides an 
overview of actions taken within Canada to address 
this emerging issue, and compares them to research, 
monitoring and mitigation actions taken by other 
jurisdictions, especially the United States and the European 
Union. Drawing on an extensive literature review and input 
from study participants, this report identifies knowledge 
gaps and proposes further actions that Canada could take 
to better understand and manage pharmaceuticals.

Overview�of�Study�Findings
Findings include the following:

1.  Pharmaceuticals have been measured throughout 
the Great Lakes, in all aquatic media (water column, 
sediment and biota). 

2.  The main types of pharmaceuticals found include 
pain killers, hormones and endocrine disrupting 
compounds, antibiotics and psychiatric drugs. The 
presence of these pharmaceuticals varies by lake and 
location.

3.  The sources of pharmaceutical pollution in the Great 
Lakes are multiple and include municipal wastewater 
(from homes, hospitals and healthcare facilities, 
landfill leachate and pharmaceutical manufacturers), 
agriculture and aquaculture.

4.  The main pathway for pharmaceuticals entering the 
Great Lakes is from municipal wastewater treatment 
plants. Other pathways, such as run-off from 
agricultural sources, are secondary. Agriculture is a 
major user of antimicrobials and could be an important 
source of these compounds in the lakes.

5.  The consistent use and continuous discharge of 
pharmaceuticals into the environment implies that 
some of these products can be considered as pseudo-
persistent pollutants. 

6.  Pharmaceuticals in the Great Lakes are currently not 
a human health risk and are typically found below 
“environmentally relevant concentrations.” The highest 
concentrations are usually found close to wastewater 
treatment plants (WWTPs). Pharmaceuticals are found 

at environmentally relevant concentrations in proximity 
to areas of higher population density and/or intensive 
agriculture (particularly in Hamilton Harbour).

7.  Instances of higher mortality rates and alterations 
to fish reproductive biology, reproductive behaviour 
and community behaviour coincide with areas in 
which environmentally relevant concentrations of 
pharmaceuticals have been observed. 

8.  Significant knowledge gaps exist:

 a.  The amount of an ingested pharmaceutical 
that leaves the human body unaltered or in 
metabolized form is not well understood.

 b.  Estimates of the relative contribution of excreted 
pharmaceuticals versus waste pharmaceuticals 
vary greatly.

 c.  Ecotoxicology data are severely lacking for active 
pharmaceutical ingredients (API) and mixtures of 
active pharmaceutical ingredients (APIs).

9.  Canadian jurisdictions have a variety of legislative, 
regulatory and policy tools available to manage 
pharmaceutical pollution in the Great Lakes.

10.  There is no Canadian strategy to facilitate a 
coordinated approach to research, analysis and action 
on pharmaceutical pollution in the Great Lakes.

11.  Information generated through environmental impact 
assessments and the Canadian Integrated Program for 
Antimicrobial Resistance (CIPARs) is either not publicly 
available or is not made available in a timely and 
comprehensive manner.

12.  There is no systematic sampling and reporting program 
in the Great Lakes that provides timely and publicly 
accessible information on the presence and impacts of 
pharmaceuticals. 

13.  Federal and Ontario wastewater regulations have 
no specific requirements pertaining to managing 
pharmaceutical pollutants.

14.  Government departments and ministries are not 
providing consistent information on the safe disposal 
of unused and expired pharmaceuticals.
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15.  Ontario’s extended producer responsibility regulation 
for waste pharmaceuticals has achieved measurable 
diversions of unused and expired pharmaceuticals from 
going to landfill and municipal wastewater systems. 

16.  Outreach and engagement efforts by not-for-
profit organizations have increased awareness and 
participation in pharmaceutical take-back programs 
and initiatives.

Overview�of�Study�
Recommendations
The following recommendations are provided for all the 
Great Lakes:

1.  Develop a list of priority APIs requiring further 
investigation, based on existing Great Lakes research 
as well as US and European experience.

2.  Implement monitoring programs in waters 
identified through Great Lakes research as 
having environmentally relevant concentrations 
of pharmaceuticals, particularly in embayments 
surrounded by dense urban populations, and report on 
changing concentrations of priority substances.

3.  Measure and report on concentrations of priority APIs 
in effluents discharging directly or indirectly to the 
Great Lakes.

4.  Conduct research on the presence and impacts 
of pharmaceuticals in multiple media, especially in 
locations where adverse impacts are more likely to 
occur (for example, near high population density areas 
and large animal husbandry operations).

5.  Encourage citizen involvement in basin-wide water 
quality monitoring to enable a more complete dataset 
on the presence of pharmaceuticals in Great Lakes 
water, sediment and biota.

6.  Publish the results of pharmaceuticals research in a 
timely, accessible and understandable form to advance 
knowledge and facilitate better decision-making.

7.  Increase the transparency of health and environmental 
risk assessments of pharmaceuticals to help Canadians 
understand potential threats as well as the mitigation 
measures that are being implemented.

8.  Ensure that governments communicate up-to-date 
information on best practices for the management of 
unused and expired medications.

9.  Conduct feasibility studies on increasing the use 
of advanced and alternative wastewater treatment 
technologies in the Great Lakes basin.

10.  Monitor discharges from pharmaceutical 
manufacturers to determine whether they are 
significant sources of APIs.

11.  Monitor wastewaters from healthcare facilities, 
especially for antimicrobials and cancer-fighting 
medications, and explore the feasibility of requiring 
pre-treatment before discharging effluents to WWTPs.

12.  Support take-back program outreach and 
engagement activities to prevent unused and expired 
pharmaceuticals from entering the Great Lakes. 

These�Additional�Recommendations�
are�Lake-Specific:
Ontario and Erie:

Given the high population densities and the significant 
concentration of agricultural operations in these lake 
basins:

13.  Study the costs and benefits of WWTP upgrades to 
include advanced and alternative treatments.

14.  Evaluate the efficacy of voluntary training and unused 
pharmaceutical collection programs in the agricultural 
sector and explore additional actions that may be 
required.
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Huron: 

Given the large number of aquaculture operations in Lake 
Huron:

15.  Monitor the concentrations of pharmaceuticals in 
areas surrounding these operations.

16.  Evaluate aquaculture medication application processes 
to determine if changes are required.

Superior:

Given the lack of data for Lake Superior:

17.  Mobilize citizen scientists to collect samples and 
compile data on pharmaceuticals in water, focusing on 
priority substances.

Implementing�the�
Recommendations
The recommendations are directed mainly at federal, 
provincial and municipal governments, as well as at 
hospitals and healthcare facilities, pharmaceutical 
manufacturers, pharmacies, agricultural operations and 
aquaculture. In addition, citizen scientists have a key role 
to play, as do consumers who can ensure that unused 
pharmaceuticals are returned to take-back facilities. Not-
for-profit organizations can increase public awareness of 
the adverse impacts of waste pharmaceuticals and thus 
enhance the effectiveness of take-back programs. 
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