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Executive summary  

Performance measurement evaluations are an important part of the overall chemicals management 
process that provide Canadians with information on the effectiveness of risk management actions 
in place for toxic substances. This report measures the performance of the risk management 
approach applied to inorganic cadmium compounds that were found to pose a risk to the 
environment.  

Risk management of inorganic cadmium compounds was selected for performance measurement 
evaluation because the substance met several readiness criteria outlined in the Performance 
Measurement Evaluation Strategy for Risk Management of Toxic Substances. These criteria include 
having risk management tools implemented for a sufficient amount of time to measure impact and 
the availability of key performance indicator data. 

Inorganic cadmium compounds are found in the environment as a result of cadmium released 
through natural processes like forest fires, volcanic activity, erosion, weathering, as well as human 
activities such as metal production, fossil-fuel burning, manufacture, use and disposal of products, 
and land application of sewage sludge. In 1994, the Government published a Priority Substance List 
Assessment (the 1994 Assessment) which concluded several inorganic cadmium compounds were 
entering the environment in a quantity or concentration or under conditions that have or may have a 
harmful effect on the environment and may constitute a danger to human life or health in Canada. 
For this reason, they were added to Schedule 1, the List of Toxic Substances, under the Canadian 
Environmental Protection Act, 1999 in 2000.  

Adding a substance to the List of Toxic Substances allows the Government of Canada to consider 
taking action to manage and reduce the risks of that substance to humans and the environment; for 
example, through the development of regulations, guidelines, codes of practice or other measures 
to control any aspect of the substance’s lifecycle. The approach taken to manage the risks of 
inorganic cadmium compounds was to rely on existing measures put in place to control releases of 
metals and other toxic substances, rather than develop new risk management measures. The 
Government’s objectives are to prevent or reduce releases of inorganic cadmium compounds to the 
greatest extent feasible (the risk management objective) and reduce environmental concentrations 
to below levels thought to cause adverse effects (the environmental objective). This report evaluates 
the effectiveness of the risk management approach and measures taken to reduce the risks of 
inorganic cadmium compounds to the environment since 1994, takes stock of progress meeting the 
risk management and environmental objectives, and evaluates Environment and Climate Change 
Canada’s efforts to communicate environmental risks of inorganic cadmium compounds to the 
public.  

Overall, the performance measurement evaluation found that progress has been made to achieve 
the risk management and environmental objectives. Risk management measures have generally 
been effective at reducing releases for the sources of concern identified in the 1994 Assessment. 
Industrial releases of cadmium have declined by more than 95% since 1994, mainly due to 
reductions from the base metals smelting and refining industry. The base metals smelting and 
refining industry remains the largest source of release of cadmium to the environment. This sector 
and other sectors of concern should continue to further reduce releases through existing risk 
management measures. Measures should be updated as appropriate to capture advances in best 

https://www.canada.ca/en/environment-climate-change/services/evaluating-existing-substances/performance-measurement-evaluation-strategy.html
https://www.canada.ca/en/environment-climate-change/services/evaluating-existing-substances/performance-measurement-evaluation-strategy.html


environmental practices and best available technologies and allow for tracking of the rate of 
implementation of voluntary measures.  

Reductions in industrial releases have resulted in declines in environmental concentrations to be 
below levels of concern in many areas, although there are some areas in Canada where cadmium 
levels in the environment are still above those thought to cause adverse effects (for example Great 
Lakes). Monitoring cadmium levels in the environment must continue in order to provide evidence 
for future evaluations. Gaps in monitoring should be filled to the extent possible, noting that there 
may be opportunities for collaboration with provinces and territories and that new technologies may 
be useful to fill gaps in remote areas. A diversity of monitoring locations would also be beneficial to 
compare areas near point sources with background levels. Research into adverse effects levels and 
sub chronic effects of cadmium in wildlife and fish tissues is also recommended in order to better 
evaluate environmental risk levels. Monitoring should also continue in order to understand the 
impacts of cadmium releases from sources in the United States on levels in the Canadian 
environment. Chemical transport modelling would be another useful tool to identify transboundary 
sources of cadmium releases. This data should be used to advance and strengthen bilateral 
agreements with the United States.  

Sectors and sources of release where no risk management measures have been put in place to 
control releases of metals including cadmium have not shown declines, and releases have remained 
steady or increased over time. As major sources of release have been addressed by risk 
management actions implemented in the 1990s and early 2000s, sources without controls are 
making up a larger part of the release profile. For example, releases from residential, commercial 
and institutional heating have no federal risk management measures in place and account for nearly 
one quarter of cadmium releases to air. Sources of release not considered in the 1994 Assessment 
should also be investigated further to determine if additional risk management measures are 
required. Releases from pulp and paper effluent as well as from wastewater treatment facilities are 
important contributors to overall cadmium releases to water according to release inventories, but 
little is known about the source of cadmium in wastewater influent or cadmium levels in the 
environment near pulp and paper effluent discharge points. Additional study into these sources is 
warranted and risk management actions to address cadmium releases should be considered, where 
appropriate.    

There have been few communications materials published on cadmium in the environment and 
associated environmental risks. Communication is expected to improve as Environment and 
Climate Change Canada has recently undertaken increased efforts to make information on the risk 
management of toxic substances more available. Ongoing work to improve public access to data 
including more user-friendly dashboards will further help Canadians to understand the risks of toxic 
substances, their sources, and actions that they could take to help prevent pollution. 

In summary, human activities continue to release cadmium into the environment, resulting in levels 
above which adverse effects can be expected. Investigation is needed to determine whether 
releases can feasibly be reduced further and whether new risk management actions are required for 
some sectors and sources. Continued collaboration with international and domestic partners is 
important to manage releases from areas beyond federal jurisdiction. A follow-up evaluation on the 
performance of risk management actions is recommended by 2033 to allow for the implementation 
of new measures where warranted and collection of performance measurement data and 
environmental data. Environmental data will play an important role in future evaluations and provide 
evidence for future risk assessment and risk management efforts. 



A performance measurement evaluation of the effectiveness of the Government of Canada’s actions 
to address risks to human health from inorganic cadmium compounds will be conducted separately 
by Health Canada. 
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1 Introduction 

The Government of Canada aims to reduce the risks posed by substances found to be toxic to 
Canadians and the environment under the Canadian Environmental Protection Act, 1999 (CEPA) 
through risk management actions under the Chemicals Management Plan. Performance 
measurement evaluations are an important part of the overall chemicals management process that 
provide Canadians with information on the effectiveness of risk management actions in place for 
toxic substances. The approach to evaluating the effectiveness of risk management actions and 
whether objectives for toxic substances have been met is set out in the Performance Measurement 
Evaluation Strategy for Risk Management of Toxic Substances (Environment and Climate Change 
Canada, 2020b).   

The intent of this report is to evaluate the Government of Canada’s risk management approach for 
inorganic cadmium compounds, specifically, to determine whether the objectives set for this 
substance have been met, whether additional action is required, or, whether the risk management 
approach has not achieved the intended results.  

Health Canada will report on the results of its evaluation of the effectiveness of the Government of 
Canada’s actions to protect human health in a separate report. 

1.1 Sources, fate, and effects of exposure 

Cadmium is an elemental metal that is found naturally in the earth’s crust. In nature, cadmium is 
rarely found in its elemental (metallic) state and is more commonly found in combination with other 
elements to form what are called compounds. When these compounds contain carbon, they are 
called organic compounds and when carbon is absent, they are called inorganic compounds. There 
is no evidence that organic cadmium compounds are found in nature (World Health Organization, 
1992).  

Natural processes like forest fires, volcanic activity, erosion, weathering, and oceanic cycling can 
release inorganic cadmium compounds to the environment. In the mid 1990s, global emissions of 
cadmium from natural processes were estimated to be around 41 thousand tonnes per year, with 
about 53 tonnes coming from Canada (Richardson et al., 2001). Inorganic cadmium compounds can 
also be released to the environment through human (anthropogenic) activities such as coal burning, 
metal extraction, manufacture, use and disposal of products, and land application of sewage sludge 
(Government of Canada, 1994). It is estimated that in the mid 1990s global cadmium emissions were 
2,983 tonnes, and Canada’s emissions were around 61 tonnes (Pacyna & Pacyna, 2001).   

Cadmium is produced primarily as a by-product of zinc refining but is also recovered from recycled 
products or industrial scrap (MacLatchy 1992, Government of Canada 1994). Canada is the fourth 
largest producer of cadmium (U.S. Geological Survey, 2022). It may be found in many different 
products like batteries, paints and coatings, ceramics, plastics and solar cells.  

Cadmium does not break down in the environment, and may be found in air, water, soil, sediment, 
plants, and animals, including humans. Inorganic cadmium compounds are formed when cadmium 
bonds with other elements in the environment. For example, inorganic cadmium compounds may 
be formed following cadmium emissions from high temperature activities such as metal production 
and refining or combustion processes. These particles can stay in the air for up to four weeks and 
are removed from the air by rain or by gravity (United Nations Environment Programme, 2019). Larger 
particles fall to the ground or water closer to the source of emission while smaller particles may be 
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transported over long distances, and be deposited up to a few thousand kilometers away from the 
source (U.S. Environmental Protection Agency, 1980). Inorganic cadmium compounds may include 
cadmium chloride (CdCl2), cadmium bromide (CdBr2), cadmium iodide (CdI2), cadmium nitrate 
[Cd(NO3)2], and cadmium sulphate (CdSO4) (Government of Canada, 1994) 

Cadmium itself is not easily dissolved in water, however; its compounds are highly soluble (easily 
dissolved in water). Due to this high solubility, inorganic cadmium compounds that enter water or 
aquatic environments may be carried downstream, away from the initial point of release. Once in 
water, inorganic cadmium compounds can also end up in the sediment by attaching to small floating 
particles that then fall to the bottom. If conditions in the sediment or overlying water change, the 
inorganic cadmium compounds can re-dissolve from the sediment and once again enter the water. 

In nature, physical and chemical factors influence the form, fate, and toxicity of cadmium, as well 
as its ability to be taken up by plants and animals (bioavailability). For example, in aquatic 
environments- acidity, hardness, salinity, and level of organic matter can influence how much 
cadmium is taken up by an animal or plant, and whether this cadmium is in a toxic or non-toxic form. 
In soil, acidity, soil particle size, moisture, and organic content influence the form and toxicity 
(Kubier et al., 2019).  

Animals can take up cadmium when inorganic cadmium compounds are present in the food, water, 
or air that they eat, drink, or breathe. Cadmium accumulates in the bodies of animals 
(bioaccumulation) and, in high enough levels, can cause reduced growth, changes to organ weights 
and organ damage, cancer, reduced ability to reproduce, cognitive and developmental delays, and 
changes in behaviour (Government of Canada, 1994).  

1.2 Federal approach to risk management of inorganic cadmium compounds 

In 1994, the Government published a Priority Substance List Assessment (the 1994 Assessment) on 
risks of cadmium and its compounds. The assessment concluded that several inorganic cadmium 
compounds were entering the environment in a quantity or concentration or under conditions that 
have or may have a harmful effect on the environment and may constitute a danger to human life or 
health in Canada. Several sectors of concern were noted as potential sources of releases of 
inorganic cadmium compounds to the environment, resulting in levels that may cause 
environmental harm. These include metal production (particularly base metal smelting and refining), 
stationary fuel combustion (power generation and heating), transportation, solid waste disposal, 
and sewage sludge application. 

As a result of the findings of the 1994 Assessment, inorganic cadmium compounds were added to 
Schedule 1, the List of Toxic Substances, under the CEPA in 2000. Listing inorganic cadmium 
compounds on the List of Toxic Substances gave the Government the power to take actions to 
reduce the risks of inorganic cadmium compounds over the course of their life cycle, from research 
and development to manufacture, use, storage, transport, and final disposal in accordance with the 
1995 Toxic Substances Management Policy. The Toxic Substances Management Policy provides a 
preventative and precautionary management framework for making science-based decisions when 
managing toxic substances. The key management objectives of the policy are: 

• virtual elimination from the environment of toxic substances that result predominantly from human 
activity and that are persistent and bioaccumulative (referred to in the policy as Track 1 substances); 
and 

https://www.canada.ca/en/environment-climate-change/services/management-toxic-substances/policy.html
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• management of other toxic substances and substances of concern throughout their entire lifecycles 
to prevent or minimize their releases into the environment (referred to in the policy as Track 2 
substances). 

 
The policy also sets out management approaches for toxic substances, and accordingly inorganic 
cadmium compounds were determined to be Track 2 substances. In the case of inorganic cadmium 
compounds, they are naturally occurring and so their complete elimination from the environment is 
not possible.  
 
The approach taken for Track 2 substances is to prevent or minimize releases, taking into account: 
human contributions to total release, environmental and health effects, technology, and 
socioeconomics. This approach allows the Government to put in place regulatory and non-
regulatory pollution prevention and reduction measures. Additional measures can be developed if 
release reporting or environmental monitoring indicate residual problems or impacts on the 
environment or public health. This approach is intended to allow for risk management measures to 
be developed for any part of the substance’s lifecycle and to address any environmental media, as 
appropriate.  
 
The implementation of the Toxic Substances Management Policy led to the development of a risk 
management phase called the Strategic Options Process. The Strategic Options Process 
emphasised the implementation of best technologies and practices for pollution prevention and 
control supported by socioeconomic considerations, followed by environmental monitoring 
programs, where feasible. These monitoring programs were to assist in identifying the need for 
further action based on site-specific or industry-specific assessments.  
 
Sector-based Strategic Options Process established multi-stakeholder panels (known as issue 
tables) in the mid-late 1990s. Issue tables discussed management actions for specific sectors to 
manage releases of toxic substances. The issue tables for base metal smelting, coal-fired power 
generation and steel manufacturing included inorganic cadmium compounds in their list of toxic 
substances released from these sectors. The results of the issue tables led to the publication of 
Environmental Codes of Practice for Integrated and Non-Integrated Steel Mills under the provisions 
of section 54 of CEPA in 2001 as well as a Code of Practice for base metal smelting and refining. 
These Codes of Practice include recommendations aimed at reducing the releases of metals, 
including inorganic cadmium compounds, and still remain in effect. 
 
The Chemicals Management Plan was introduced in 2006. Under this plan, the Government 
announced that it would assess and manage, where appropriate, the potential health and ecological 
risks associated with approximately 4300 substances. A prioritization exercise was initiated due to 
the large number of substances requiring assessment and potentially risk management to allow the 
Government to focus on substances that had not yet been addressed. Inorganic cadmium 
compounds were considered to have been already addressed and appropriately managed by past 
risk assessment activities and risk management actions. As a result, no substance-specific risk 
management approach or strategy was developed. The approach taken was to continue to manage 
the risks of inorganic cadmium compounds through the implementation of the Toxic Substances 
Management Policy and existing measures.  
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1.3 Performance measurement evaluation for the ecological component of 
inorganic cadmium compounds 

The evaluation aims to report on the effectiveness of the Government’s approach to managing the 
ecological risks of inorganic cadmium compounds since the 1994 assessment. It will consider all of 
the relevant risk management actions taken and their effectiveness by examining the trends in 
anthropogenic releases and environmental concentrations of cadmium1 in the environment and the 
results of instrument-based performance measurement reports.  

In evaluating the performance of the Government’s risk management actions, it is important to 
consider whether the risk management approach has led to implementation of actions that have 
resulted in progress in achieving objectives for the substance. Using the objectives of the Toxic 
Substances Management Policy for guidance and considering substance-specific risk management 
objectives proposed for other toxic metal substances, the following risk management and 
environmental objectives are proposed for the purposes of this evaluation:2 

• Risk management objective: to achieve the lowest level of anthropogenic releases of inorganic 
cadmium compounds that are technically and economically feasible, taking into consideration 
socioeconomic factors. 
 

• Environmental objective: to reduce Canadian anthropogenic releases of inorganic cadmium 
compounds so as not to exceed levels expected to cause adverse effects to the environment, taking 
into consideration natural background concentrations. 

There are three components of the evaluation that will work together to assess progress made in 
achieving the risk management and environmental objectives. In the first component, progress will 
be evaluated through an analysis of indicators that show trends in anthropogenic releases and 
environmental concentrations. This analysis will compare the current state of conditions with those 
before risk management tools were implemented (baseline conditions). Other indicators and 
approaches will also be used, including, but not limited to, comparisons of the current state with 
established guidelines and targets (see Annex 1 – Indicators and additional information considered 
in the evaluation for a list of indicators used). These other methods will be particularly important 
where data on baseline conditions do not exist. 

In the second component, progress will be evaluated using the results of performance evaluations 
for individual risk management actions, and other relevant indicators to assess the overall 
performance of the risk management approach to minimize the releases of inorganic cadmium 
compounds to the environment from the sectors of concern identified in the 1994 assessment.  

The third component of the evaluation will be to conclude whether controls are sufficient and 
whether overall progress is reasonable and timely. While efforts will be made to identify links 
between the findings in components one and two and the implementation of risk management 

 
1 Although inorganic cadmium compounds are listed on the List of Toxic Substances, reporting, monitoring, and risk 
management is targeted for cadmium in general because laboratory testing is not usually specific to the compound 
level. Additionally, there is no evidence that organocadmium compounds occur in nature and elemental cadmium is 
rarely found naturally in the environment.   Cadmium is mostly present in cadmium compounds where it may be 
oxidized to Cd2+. For these reasons, total inorganic cadmium will be used as a proxy for inorganic cadmium 
compounds and will be referred to as cadmium for simplicity. 
2 A human health objective may be proposed in the health toxic performance measurement report 
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strategies and tools, these linkages are challenging considering multiple external variables. The aim 
will be to identify links based on information available while acknowledging uncertainties. In 
addition, new information (for example, emerging concerns or new sources of exposure) will be 
taken into consideration to ensure long-term effectiveness of actions in place.  

The communication of information about the risks of inorganic cadmium compounds to the 
environment will also be assessed in this third component in consideration of the findings of the 
2018 audit made by the Commissioner of Environment and Sustainable Development (CESD). This 
report indicated that Environment and Climate Change Canada and Health Canada were not doing 
enough to inform the public about the health and environmental risks from toxic substances.  

To conclude, this performance measurement evaluation report will make recommendations on the 
need for further consideration of new risk management actions, communication efforts, changes to 
the risk management approach or objectives, or new exposure sources and whether future 
evaluations are required. 

2 Releases of cadmium from human activities in Canada 

Trends in environmental releases from human activities can be used as an indicator to assess 
progress in achieving the risk management objective of lowering anthropogenic releases of 
cadmium to the lowest levels feasible. Human generated sources of releases are monitored through 
federal programs. The federal government requires industrial facilities to report the amount of toxic 
substances released through their operations. This section of the evaluation considers the trends in 
environmental releases with a focus on the sectors of concern and notes any areas where further 
consideration of emerging risks may be warranted. Decreasing trends in environmental releases 
indicate that progress has been made to achieve the risk management objective.  

2.1 Release inventories 

National Pollutant Release Inventory 

The National Pollutant Release Inventory (NPRI) is Canada’s public inventory of releases, disposals, 
and recycling. It tracks over 320 pollutants from over 7000 facilities across Canada. Reporting 
facilities include facilities that manufacture a variety of goods, mines, oil and gas operations, power 
plants, and wastewater treatment plants. The information gathered from the NPRI program helps the 
government set environmental priorities and monitor environmental performance. NPRI data is 
published annually for all facilities that are required to report. 

 

https://www.oag-bvg.gc.ca/internet/English/att__e_43149.html
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Figure 1. Total releases of cadmium and its compounds reported to the NPRI across Canada in 2020. 

Every year, businesses, institutions, and other facilities across Canada that meet the reporting 
requirements must report their releases, disposals and transfers off-site of pollutants to the NPRI in 
accordance with the Canadian Environmental Protection Act. Over the years, the requirements for 
reporting to the NPRI have changed. Relevant to cadmium, in 2002, the substance reporting 
threshold for cadmium manufactured, processed, or used in any other way at a facility was reduced 
from 10 tonnes at 1% concentration to 5 kg at 0.1% concentration. This 5 kg mass threshold also 
applies to facilities where cadmium may be incidentally produced or used as a by-product or where 
cadmium is contained in tailings or non-inert waste rock, but at any concentration (Environment and 
Climate Change Canada, 2022a).  

A 2013 report compiled by Environment and Climate Change Canada estimated the sector coverage 
of facilities subject to the NPRI reporting requirements (Environment Canada, 2013). This report 
estimated the proportion of facilities, employees and/or production volumes across Canada that are 
accounted for in the NPRI on a sector by sector basis. In addition, the report estimated the rate of 
compliance with the NPRI reporting requirements. The study found that while gaps remain, all 
operating coal-fired power plants, primary metal smelters, steel mills, oil sands facilities, off-shore 
oil and gas platforms, crude oil refineries, major automobile assembly plants and Portland cement 
manufacturing facilities reported to the NPRI for the study year, 2008. High rates of coverage were 
observed for Canadian metal ore mines and mills as well.  

Lower rates of NPRI coverage were noted for other types of facilities, including wood product 
manufacturing, paper manufacturing, foundries, rubber and plastics manufacturing plants, 
transportation equipment manufacturing facilities, conventional oil and gas extraction facilities, pits 
and quarries, non-metallic mineral mines and waste and wastewater facilities. In most cases, the 

https://www.canada.ca/en/environment-climate-change/services/national-pollutant-release-inventory/report.html
https://www.canada.ca/en/environment-climate-change/services/national-pollutant-release-inventory/report.html
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lower rates of sector coverage were due to the fact that many facilities in these sectors are small and 
fall below the mandatory reporting thresholds. In some cases, lower rates of reporting coverage were 
the result of facilities’ non-compliance with NPRI reporting requirements. For these facilities and 
sectors, the report recommended additional investigation as well as prioritized compliance 
promotion activities.  

Data in NPRI is organized by industrial sectors according to codes issued under the North American 
Industry Classification System (NAICS codes). It should be noted that a single facility reporting to 
NPRI may have activities that fall under more than one industrial sector code. While facilities do have 
the ability to report more than one NAICS code to the NPRI (if applicable), releases are not divided to 
each code, making it difficult to determine exactly which industrial activities cadmium and other 
substances are being released from by a single facility.  

Air Pollutant Emissions Inventory 

The Air Pollutant Emissions Inventory (APEI) is a comprehensive inventory of air pollutants at the 
national, provincial, and territorial level. It compiles emissions of 17 air pollutants contributing to 
smog, acid rain, and poor air quality with records beginning in 1990. The APEI is compiled from many 
different data sources. Emissions data reported by individual facilities to the NPRI and, to a lesser 
extent, data provided directly by the provinces are supplemented with well-documented, science-
based estimation tools and methodologies to quantify total emissions. Together, these data sources 
provide a comprehensive coverage of air pollutant emissions across Canada. 

It is important to note that for facilities reporting to the NPRI for the first time, the NAICS codes 
reported by the facilities, are used to assign preliminary APEI sector and subsector classifications 
(Environment and Climate Change Canada, 2022d). Additional research and verifications are then 
performed to confirm or correct the classification. The assigned classification is used for 
subsequent reporting years, as long as the facility does not change operations. For this reason, there 
may be years where NPRI and APEI data do not align for a particular facility if that facility has reported 
under a different NAICS code.  

The information provided by the NPRI and APEI can be used to track trends in releases of cadmium 
to the environment over time and is useful to evaluate whether the risk management approach has 
made progress in achieving the risk management and environmental objectives. APEI is the primary 
source of information used to report releases to air, while NPRI is the primary source of information 
used to report releases to water and land. NPRI data is also used to estimate the number of facilities 
reporting releases.  

2.1.1 Releases to air 
Approximately 4.12 tonnes of cadmium were emitted to air in Canada in 2020, according to APEI 
(Environment and Climate Change Canada, 2022d). Ore and mineral industries; fuel combustion for 
heating in residential, commercial, and institutional settings; and manufacturing together 
accounted for 86% of cadmium emissions (Figure 2).  
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Figure 2. 2020 Canadian cadmium emissions profile according to APEI.  

From 1994 to 2020, national cadmium emissions decreased by 95% (71.8 tonnes) (Figure 3). This 
trend is almost entirely driven by the declines from the non-ferrous smelting and refining sector in 
which the majority of the reductions come from the base metals smelting and refining industry, 
which reduced its cadmium emissions from 73.1 tonnes in 1994 to 2.09 tonnes in 2020. Emissions 
from this industry fluctuated greatly between 1994 and 2006 but decreased steadily from 2007 
onward. Fluctuations in emissions prior to 2010 are primarily due to emissions from a single smelter 
in Manitoba that is now closed. Emissions from this industry may fluctuate greatly from year to year 
due to variations in the composition of ore and the amount of ore processed.  

In 2020, cadmium emissions from electricity and power generation were 27% lower than in 1994. 
Cadmium emissions from this sector varied over time. Levels remained stable from 1994 to 2001 at 
around 0.14 tonnes. In 2002, cadmium emissions from this sector jumped significantly and 
continued to increase to a peak of 0.75 tonnes in 2011. Following 2011, there was a substantial 
decline and cadmium emissions have been below 1994 values since 2017. 

Emissions from fuel combustion for space and water heating in commercial/residential/institutional 
settings have remained relatively stable since 1994. For the transportation sector, cadmium 
emissions have slowly decreased by 62% since 1994 from 0.17 tonnes to 0.06 tonnes.  

Cadmium emissions from incineration and waste treatment and disposal have also declined since 
1994 from 0.079 tonnes to 0.038 tonnes, a decrease of 52%. This decline was rapid after 2002 and a 
slow decline continued until around 2009 after which time emissions from this source have 
remained relatively steady, though have shown a slightly increasing trend since 2017. In 2020, 
cadmium emissions from incineration and waste accounted for only 1% of total emissions.  

Generally, the sectors of concern identified in the 1994 assessment account for the vast majority of 
cadmium emissions in 2020. However, with the declines observed in these sectors, particularly in 
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the metals and ore sector, the proportion of emissions released from the sectors of concern 
compared to other sectors is declining. In 1994, releases from sectors of concern made up 98% of 
cadmium emissions while in 2020 they made up 80%.  

Although not identified as a sector of concern in the 1994 assessment, the manufacturing sector has 
consistently been in the top three sectors for cadmium emissions and accounts for 12% of the total 
emissions in 2020. The sector has also reduced its emissions by 54% since 1994, from 1.10 tonnes 
to 0.51 tonnes. All of the industries in the manufacturing sector have reduced their emissions since 
1994 and includes the chemicals, metal fabrication, plastics manufacturing, pulp and paper, wood 
products, and vehicle manufacturing industries.  

The oil and gas industry was also not identified as a concern in 1994, based on the data available at 
that time. Cadmium emissions from this industry have increased steadily over time from 0.16 tonnes 
in 1994 to 0.23 tonnes in 2020. Emissions from the sector peaked at 0.55 tonnes in 2010. This 
increase is driven by the upstream oil and gas industry, in particular, oil sands mining and extraction. 
Releases from the downstream oil and gas industry have declined over this same period. 
Nonetheless, the cadmium emissions from this industry made up 6% of total cadmium emissions in 
2020. Cadmium is not added to oil and gas during its production, but it is naturally occurring in the 
oil and gas extracted. 

Using records from the NPRI, it is possible to analyze the trends in the number of facilities who 
reported cadmium releases. Since the change to the reporting threshold in 2002, the number of 
facilities that report cadmium releases to air over time has increased by 52%. The increase is seen 
across all sectors, but the ore and minerals sector and manufacturing sector account for the 
majority of the increases. In the case of the ore and minerals sector, the increase in facilities 
reporting is due to more mining and quarrying facilities reporting. Additionally, in 2006 the reporting 
exemption for extraction and primary crushing activities was removed, and reporting requirements 
were added for tailings and waste rock, which may have contributed to the increase in the number 
of mining facilities reporting.  

Examining the intensity of cadmium emissions by sector is also possible using NPRI data by 
comparing the quantity of releases reported with the number of facilities in each sector. Over time, 
there is a clear trend that shows for sectors as a whole, cadmium emissions are lower on average 
per facility.  

To conclude, most cadmium emissions in Canada come from sectors of concern and releases from 
the sectors of concern have declined considerably from 1994 levels. More facilities are reporting 
releases of cadmium to air due to changes to reporting requirements and opening of new facilities; 
however, for most sectors, this has not resulted in an increase in emissions reported from the sector 
as the average quantity of cadmium emissions per facility has declined over time. With dramatic 
declines in emissions from non-ferrous smelting and refining, the profile of cadmium releases is 
slowly changing. Notably, residential/commercial/institutional heating and manufacturing play a 
much larger role in the emissions profile in 2020 than in 1994.  
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Figure 3. Releases of cadmium to air from 1994-2020 according to APEI. 



11 
 

2.1.2 Releases to water 
Releases of cadmium to water totalled 2.34 tonnes in 2020, according to NPRI. More than half (1.21 
tonnes) of the cadmium releases were reported by wastewater treatment facilities (Error! Reference 
source not found.). Approximately 0.70 tonnes of cadmium were released from the pulp and paper 
industry, and an additional 0.38 tonnes were released from the ore and minerals industry, primarily 
from non-ferrous metals production and processing. Coal mining accounted for 0.03 tonnes of 
releases. The remaining 0.02 tonnes were released by other industries in very small amounts.  

 

Figure 4. Release profile of cadmium to water in 2020 according to NPRI. 

Note that facility releases to water reported to the NPRI do not include the amount of cadmium that 
may be sent by facilities to municipal wastewater systems – these are reported as transfers for 
treatment (see section 2.1.4 below). Wastewater treatment facilities receive industrial and 
residential inputs from upstream sources, and are required to report the estimated releases of 
cadmium contained in treated wastewater leaving the facility, but do not themselves contribute to 
cadmium releases.  

Total releases of cadmium declined sharply after 1994 (Figure 5). When new substance reporting 
thresholds came into place in 2002, there was an increase in the total amount of cadmium releases 
reported for most sectors, likely due to an increase in the number of facilities required to report. Also 
in 2002, the 20,000-hour employee threshold requirement was removed for wastewater treatment 
facilities with an average daily discharge of 10,000 cubic metres. This adjustment corresponded to 
an increase in the amount of cadmium reported from wastewater treatment facilities as well as the 
number of wastewater treatment facilities that reported. There are no significant trends over time in 
releases from wastewater treatment plants following the initial peak in releases after the 
introduction of the new reporting requirements in 2002. This may be due in part to either no change 
in inputs to municipal wastewater systems, or methods of estimation of releases used at wastewater 
treatment plants that use calculations with a concentration-based release factor multiplied by the 
total volume of effluent (Environment and Climate Change Canada, 2019a). Methods used by 
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facilities to estimate and report releases may be based on analyzed data or chosen from a range of 
numbers presented in reporting guidance documents developed from real-world measurements 
and scientific studies. In 2020, there were 26 wastewater treatment facilities that reported releases 
of cadmium to water. In their reports of cadmium releases to water, 23 used values determined by 
effluent testing, one used a published emission factor, and two used values determined by 
engineering estimates based on measured values in sewage sludge. Cadmium levels at eight 
facilities were below detection limits in all samples, seven facilities detected cadmium in less than 
half of samples, one detected cadmium in more than half of samples, and the remaining seven 
reported that cadmium was detected in all samples. Detection limits vary greatly from 5 ug/L to 0.001 
ug/L depending on the laboratory and method used to analyze samples. Due to the large volumes of 
water processed by wastewater treatment plants, the reported releases of cadmium to water may 
be overestimated where reporting is based on estimates of cadmium levels that are below detection 
limits. 

The decline in total cadmium releases since 1994 is mainly due to reductions from non-ferrous metal 
production and processing (Figure 5). Releases of cadmium to water from non-ferrous smelting and 
refining were 96% lower in 2020 than 1994 and 41% lower than in 2002. In 2020, two smelting and 
refining facilities accounted for 63% (0.24 tonnes) of the total releases from this sector.  
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Figure 5. Trends in releases of cadmium to water according to NPRI. Note that in 2014, there was a large spike in cadmium releases to water 
(approximately 3.77 tonnes) due to a tailings pond breach at the Mount Polley Mine 
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In the manufacturing sector, releases of cadmium to water are driven by the pulp and paper industry. 
Cadmium is naturally found in the wood materials that are used in pulp and paper manufacturing. It 
is not added during production processes. There were no releases reported from this sector until 
2002, following the introduction of new NPRI reporting requirements. Since 2002, releases from the 
sector increased until 2007 and have generally decreased since this time although there are 
fluctuations from year to year.   

Releases from all other industries and sectors are typically much less than the three industries 
reported above. Despite the small quantities of release, electric power generation has steadily 
reduced cadmium releases to water from 0.09 tonnes in 2002 to 0.001 tonnes in 2020, representing 
a 98% decrease in cadmium releases from the sector. Releases from the oil and gas sector are 
typically very small (less than 0.005 tonnes).  

In comparing the quantity of releases to the number of facilities, there is an overall declining trend. 
Even though there are more facilities reporting releases of cadmium to water, the quantity reported 
per facility is decreasing. This trend is due largely to fewer releases from the ore and minerals sector. 
On a per facility basis, releases are stable from the manufacturing industry, oil and gas industry, and 
electric power generation. Releases of cadmium to water per facility appear to be increasing for 
wastewater treatment facilities, likely due to increases in the volumes of water treated as well as 
increases in upstream inputs to municipal wastewater systems.  

Overall, cadmium releases to water from industrial facilities were lower in 2020 than they were in 
1994, and have remained relatively stable over the last 10 years. Decreases in cadmium releases to 
water are mainly due to reductions in the non-ferrous metal production and processing industry, 
which was one of the sectors of concern in the 1994 assessment. Releases of cadmium to water 
from electric power generation, another sector of concern, also declined over time, although 
cadmium releases to water from this sector have always been relatively small. The vast majority of 
cadmium releases to water are consistently reported by wastewater treatment, pulp and paper 
manufacturing, non-ferrous metal production and processing and mining and quarrying facilities. 
Releases of cadmium to water from wastewater treatment has remained relatively unchanged since 
2002. This sector was not previously identified as a sector of concern for cadmium releases.  

2.1.3 Releases to land 
Facilities are required to report to NPRI any spills, leaks or other releases to land that are not 
disposals. Disposals are activities that facilities do to manage substances to limit their release to 
the environment. Tailings and waste rock containing cadmium are not included as releases to land 
and are instead counted as disposals or transfers.  

In 2020, there were 0.20 tonnes of cadmium released to land. Eleven facilities in the pulp and paper 
industry, wastewater treatment, and metal ore mining industry accounted for all of the releases 
(Figure 6). No releases were recorded for the other industrial sectors.  



15 
 

  

No releases of cadmium to land were recorded in the NPRI between 1994 and 2002, likely due to the 
reporting requirements and thresholds in place at that time. Since the reporting threshold changes 
in 2002, cadmium releases to land have been reported. The amount of cadmium released to land 
from industrial facilities has varied substantially, from year to year, but is generally higher than the 
amount reported in 2002 (Figure 7). A large variation in year to year reporting is normal because 
releases to land usually result from spills and leaks, which are highly variable in nature. The 
manufacturing industry, specifically the pulp and paper industry and wood products industry 
account for the majority of cadmium releases to land in almost all years. Releases from the ore and 
minerals sector are due to mining and quarrying operations. 

The number of facilities reporting cadmium releases to land increased sharply between 2002 and 
2007, but then has decreased over time. There are far fewer facilities reporting releases to land 
compared to the number of facilities reporting releases to air and water. In the peak of 2007, there 
were only 18 facilities reporting releases to land. Due to the low number of facilities reporting, the 
intensity of cadmium releases to land follows the same pattern as the trends in releases to land for 
each sector.  

Releases of cadmium to land have mostly come from the manufacturing industry via the pulp and 
paper sector and wood products sector, which were not identified as a concern in the 1994 
assessment. Releases of cadmium to land from metal production and waste treatment do occur, 
though they are usually small (<0.005 tonnes).   

 

Figure 6. Releases profile of cadmium to land in 2020 according to NPRI. 
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Figure 7. Trends in cadmium releases to land in tonnes according to NPRI.* 

*Note that the large quantities of cadmium releases to land reported in 2011 and 2012 from the pulp and paper and coal mining sectors 
appear to be reporting errors: three coal mining facilities have reported identical quantities as releases to land and disposals of tailings and 
waste rock; and one pulp and paper facility reported "other releases to land" in these years while reporting disposals to landfill in all other 
years. These data have been kept in the report as they appear in the NPRI dataset but may not reflect actual increases in releases of 
cadmium to land.  
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2.1.4 Disposal, waste treatment, and recycling 
NPRI also gathers information on how facilities handle and dispose of cadmium waste. Disposal 
activities may be conducted on-site at the facility or off-site, for example, at specialized hazardous 
waste treatment facilities. Examples of disposal activities include landfilling, land application, and 
underground injection. Substances may be transferred between facilities for recycling, energy 
recovery, or for treatment before final disposal, including transfers to municipal wastewater 
treatment systems. To avoid double counting, on-site and off-site disposals and transfers are 
described separately3. Reviewing the data on disposal, waste treatment and recycling activities can 
provide information used to better understand which industries generate the most cadmium waste 
and how this waste is managed. 

The quantity of cadmium subject to on-site disposal has increased over time, from less than 100 
tonnes in the mid-1990s to more than 1000 tonnes in the late 2010s (Figure 8). In 2020, 1,676 tonnes 
of cadmium were disposed of on-site. By weight, hazardous waste treatment facilities accounted for 
77% of on-site disposal activities in 2020. Metal ore mining and non-ferrous smelting and refining 
together accounted for another 21% of on-site disposal activities (including on-site disposals of 
tailings and waste rock). Landfilling disposal of tailings and waste rock management account for 
nearly all of the on-site disposal activities. The number of facilities conducting on-site disposals has 
increased steadily over time. The largest growth has been seen in the metal ore mining industry, 
which increased from 45 facilities in 2006, to 72 facilities in 2020. As previously noted, in 2006, the 
NPRI reporting exemption for extraction and primary crushing mines was removed, and reporting for 
tailings and waste rock was added. Hazardous waste treatment facilities account for nearly all of the 
releases, disposals, and transfers of cadmium recorded in NPRI. Municipal waste treatment 
facilities typically do not report data on cadmium but do report to NPRI for other substances. This 
may be because municipal waste treatment facilities do not meet NPRI reporting thresholds for the 
substance or may be because they do not have sufficient data to estimate the quantities of cadmium 
in waste materials received.  

Quantities of cadmium subject to off-site disposal activities are much smaller and have declined 
over time from 180 tonnes in the late 1990s to 30 tonnes in 2020 (Figure 9). Landfilling is the most 
frequent disposal activity (typically at least 95% of the total by weight) for cadmium waste. Although, 
notably in 2018 and 2019, storage accounted for 47% and 26% of total off-site disposals of cadmium 
waste by weight. The amounts of cadmium waste that are disposed of off-site vary substantially by 
sector over time, but commonly are from the waste, ore and minerals, and manufacturing sectors. 
The number and types of facilities reporting off-site disposal activities have remained mostly 
consistent since 2003. 

Total transfers by weight have increased steadily over time, with 1,067 tonnes being reported in 2020 
(Figure 10). The purpose of the transfers has also changed substantially over time. From the 1990s 
until the early 2010s, the majority of cadmium transfers were for recovery of metals and metal 
compounds (recycling). More recently, most of the cadmium transferred between facilities is sent 
for treatment prior to disposal. Except for 2010, when one facility shut down part of its operations, 
the non-ferrous smelting and refining industry usually accounts for more than 95% of transfers by 
weight, despite only consisting of around 5% of reporting facilities. The number and types of facilities 
recording transfers has been mostly consistent since 2003.  

 
3 For more information on using and interpreting data from NPRI and its methodology visit the NPRI webpage 

https://www.canada.ca/en/environment-climate-change/services/national-pollutant-release-inventory/using-interpreting-data.html
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To summarize, more cadmium is being disposed of on-site by more facilities. Landfilling accounts 
for the majority of on-site disposal operations and most operations are completed by hazardous 
waste treatment facilities. The amount of cadmium disposed of off-site has declined despite a 
relatively consistent number of facilities reporting off-site disposals. The amount of cadmium 
transferred has also increased since 2003. Over this period, more waste is being transferred for 
treatment before final disposal, while less waste is being transferred for metals recycling and 
recovery operations. Most of the waste transferred comes from only a small number of facilities in 
the non-ferrous smelting and refining industry. 
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Figure 8. Onsite disposals reported in tonnes to NPRI 1994-2020 by disposal type.* 

* Note: The 2009 and 2011 values for landfill contain a potential reporting error. One facility in the waste disposal sector reported 3119 
tonnes of cadmium in 2009 and 1584 tonnes in 2011 compared to approximately 100 tonnes or less in other years.  Data were kept in the 
report as they appear in the NPRI dataset as entered by the reporting facilities.  
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Figure 9. Offsite disposals reported to NPRI 1994-2020 by disposal type and number of facilities conducting disposal activities*. 

* Note: in the NPRI database, there was likely a reporting error for one facility in 1999 who reported 12 thousand tonnes of cadmium in offsite 
disposals. This value was left out of the chart for this analysis as its inclusion would make it difficult to read the chart for other reporting years.  
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Figure 10. Transfers reported to NPRI 1997-2020 by treatment type. 
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Findings and recommendations 
According to 2020 data from the NPRI and APEI, most cadmium is released to the air and about half 
as much is released to water. Releases of cadmium to air mainly come from base metals smelting 
and refining while releases to water mainly come from wastewater treatment and pulp and paper. 
Releases to land are very small and also come mostly from the pulp and paper industry. 

NPRI and APEI show that releases of cadmium to the environment have declined significantly since 
1994, mostly due to reductions in releases to air from base metals smelting and refining. Releases 
to land vary substantially over time but are generally lower from 2013 to 2020 than from 2005 to 2012 
and have mostly come from the pulp and paper and wood products manufacturing sectors. Releases 
to water have also been reduced over time because of reductions in releases from base metals 
smelting and refining. The sector contributions of cadmium releases to water have changed over the 
years, where wastewater treatment and pulp and paper production are now the main sources of 
releases.  

Releases of cadmium to water from pulp and paper facilities have shown declines over time while, 
releases from wastewater treatment facilities did not show a significant trend over time. However, 
as noted in section 2.4.1, release estimates from wastewater treatment facilities are dependent on 
the volume of water processed by the facility. Only a small amount of cadmium was reported to be 
transferred from industrial facilities to wastewater treatment plants. Since wastewater treatment 
plants are not themselves sources of cadmium, it appears that municipal wastewater treatment 
plants are receiving cadmium from sources unaccounted for in NPRI reporting. This may include 
either smaller facilities without reporting obligations, use and disposal of consumer products 
containing cadmium, or another unknown source (for example atmospheric deposition or runoff for 
combined sewer/water systems). While cadmium concentrations measured in wastewater effluent 
are low and similar to levels found through environmental monitoring of surface water (see section 
3.2.3), the total volume of wastewater processed across Canada is quite large. As such, cadmium 
entering municipal wastewater systems from sources such as facilities not subject to NPRI reporting 
requirements or consumer products may represent an important source of releases to the aquatic 
environment. Not all wastewater treatment plants report to NPRI and so cumulatively, releases may 
be significant given the number of wastewater treatment facilities in Canada and the volume of 
effluent discharged to water. 

Over time, industrial facilities have reported to NPRI that they transfer more cadmium waste to 
specialized hazardous waste treatment facilities who typically use landfilling as final disposal 
method, after treating the waste. Only small amounts of cadmium enter the environment from 
hazardous waste treatment facilities according to release data reported to the NPRI. 

It is recommended that release inventories continue to collect and report on industrial releases. 
Where facilities are required to estimate releases based on measured values below detection limits, 
inventories may wish to explore improvements to estimation methods to make reporting more 
accurate and to the way the data is presented to provide context on detection rates.  

2.2 Pollutants Affecting Whales and their Prey Inventory Tool 

Several species of whales are listed as Endangered under Canada’s Species at Risk Act (2002), 
including the Southern Resident Killer Whale (Orcinus orca) or SRKW, and the St Lawrence Estuary 
Beluga (Delphinapterus leucas) or SLEB. Environmental contaminants are listed as a key threat to 
viability and recovery of endangered whale populations in Canada in the Recovery Strategies 
developed for these whales (Fisheries and Oceans Canada, 2012, 2018). The Recovery Strategy for 
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the Northern and Southern Resident Killer Whales recommends identifying and prioritizing key 
contaminants and their sources, reducing the introduction of chemical pollutants into the habitats 
of killer whales and their prey, and mitigating the impacts of currently and historically used legacy 
pollutants (for example PCBs, PBDEs). 

The Pollutants Affecting Whales and their Prey Inventory Tool (PAWPIT) was created to identify and 
prioritize contaminants and their sources that are potentially affecting endangered whales in 
Canada and their primary prey. The tool was initially developed for killer whales in the Salish Sea and 
their prey Fraser Basin Chinook salmon (Oncorhynchus tshawytscha) but is now being expanded to 
include St Lawrence Estuary Beluga. PAWPIT uses environmental monitoring data from various 
levels of government as well published reports and scientific studies to develop the estimates, using 
extrapolation and correlations to close data gaps where needed. PAWPIT has several data layers 
including: a geospatial database of estimated releases of pollutants, a database of contaminated 
sites, an analysis of contaminant loads in ambient freshwater, and exceedances of environmental 
quality guidelines for water in these areas. 

A source of contaminants within the scope of PAWPIT is defined as being any identified source of 
release of contaminants to air, water, or land in areas identified as habitat for the whales or their 
prey. There may be sources outside the spatial extent that deposit into the area of interest, such as 
sources producing air emissions and long-range transport of those emissions. These sources are not 
included in the releases database as of this version of PAWPIT, but may be captured in the 
Contaminant Load Analysis, which is based on ambient freshwater monitoring data and streamflow. 
Release estimates in the PAWPIT are different from those in NPRI, because PAWPIT includes any 
facility or activity found to be releasing contaminants, including facilities that would not meet NPRI’s 
reporting requirements and contaminants releases below reporting thresholds. Additionally, 
PAWPIT records disposal activities as releases to land. Finally, PAWPIT only covers about 13% of the 
land area of Canada because of its focus on the habitats of endangered whales and their prey. 

2.2.1 Releases to water 
PAWPIT data indicates that releases of cadmium from effluents from mining, pulp and paper, 
wastewater treatment plants, surface runoff, seafood processing plants, leachate from landfills and 
dumps4, wood waste leachate, and various other commercial facilities, to water bodies in the areas 
of interest for killer whales and St Lawrence Beluga totalled approximately 24 tonnes in 2017. This is 
an underestimate because it does not include releases from landfill leachate or wood waste 
leachate in the St Lawrence Estuary region, which were not available at the time of writing. The total 
number of these sites is about 2,600, the majority of which are wastewater treatment plants and 
solid waste facilities5 (Table 1).  

2.2.2 Releases to land 
PAWPIT estimates that 1,250 tonnes of cadmium were released to land in 2017. It is important to 
note that PAWPIT inventories all releases to land, including those that would be characterized in 
NPRI as disposal activities. Examples of disposal activities that are counted as releases to land in 
PAWPIT but not in NPRI include waste rock, tailings ponds, and hazardous waste landfills. It is 
important to recognize that many of these contaminants are considered contained and do not 

 
4 Currently does not include closed landfills, which are suspected to still be leaching, due to lack of data 
5 To avoid double-counting contaminants, PAWPIT takes into account whether, where information is available, 
which solid waste/landfill sites direct leachate to a wastewater treatment plant, to avoid double-counting 
contaminants. 
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represent contamination of water bodies and ecosystems. With this in mind, excluding on-site 
disposals, PAWPIT estimates releases of cadmium to land to be approximately 11 tonnes in 2017.  

Table 1. Estimates of cadmium releases (tonnes) in the areas covered by PAWPIT based on 2017 data. N.d 
indicates no data available.  

Sector Killer 
Whales/ 

Chinook - 
Water 

Killer 
Whales/ 

Chinook - 
Land 

St 
Lawrence 

River 
Basin - 
Water 

St 
Lawrence 

River 
Basin - 

Land 

Totals - 
Water 

Totals - 
Land 

Mining 1.55 10.546 2.47 14.81 4.02 25.35 
Pulp & 
Paper7 

2.26 0.61 10.068 0.53 12.32 1.14 

Landfills9 0.60 N/D 0.03 1,207.6410 0.63 1,207.64 
Seafood 
Processing 

0.04 N/D 0.14 N/D 0.18 N/D 

Spills 0.01 0.01 0.00  N/D 0.01 0.01 
Wood Waste 
Leachate 

0.04 0.04 N/D 0.01 0.04 0.05 

Wastewater 
Treatment 

0.07 0.02 0.90 0.01 0.97 0.03 

Other 
Commercial 
Facilities 

0.02 N/D 0.13 9.01 0.15 9.01 

Surface 
Water 
Runoff 

1.40 N/D 2.94 N/D 4.34 N/D 

Total 5.99 11.21 16.67 1,232.01 22.66 1,243.22 
 

2.2.3 Surface water runoff 
Runoff is excess precipitation like rain or snow that does not evaporate or percolate into the ground. 
This water then flows over land into streams, lakes, rivers, and the sea. A significant amount of 
rainfall is absorbed into the ground depending on the type of surface. As land becomes more 
urbanized, natural areas are replaced with materials that do not absorb water like roads, roofs, and 
parking lots. This increases the amount of runoff. As runoff moves over land, it can pick up 
contaminants from soils and lawns, farms and fields, roadways, and even forests where pesticides 

 
6 Includes on-site disposals to waste rock and tailings ponds and does not necessarily indicate a release to the 
environment 
7 To estimate releases from pulp and paper plants in BC, the province’s environmental monitoring system was 
used with flow reporting according to the federal regulation. No data was available on environmental 
monitoring of pulp and paper effluent in the St Lawrence River Basin. To estimate cadmium releases from this 
sector in the St Lawrence River Basin, effluent concentrations from BC’s data was used. 
8 Assumes concentrations of cadmium in effluent are similar to plants in BC 
9 Leachate and disposals, does not include leachate from closed landfills 
10 Includes the 1200 tonnes of cadmium disposed of in hazardous waste landfills, tailings ponds and waste 
rock 
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have been used. Runoff flow and contamination are a function of many things including rainfall, 
slope of the land, ability of land to absorb water, vegetation, as well as land use and activities 
present.  
 
In PAWPIT, land use is currently divided into 3 general types:  
• urban areas such as streets, parking lots, residential roofs, commercial buildings and other 

areas characterized by less permeable surfaces than other land-use types;  

• agricultural areas including crop farms, animal farms, and fields; and 

• other non-urban areas like forests, wetlands, wild prairie and grasslands, deserts, and beaches.  
 
Surface water runoff in PAWPIT was characterized using a combination of hydrological data and 
modelling as well as contaminant concentration data found in scientific studies for different land-
use types. Runoff flows and land uses were estimated for most of the area of interest for killer whales 
but only for selected segments of the St Lawrence River Basin closest to the St Lawrence Estuary 
Beluga critical habitat. For these areas only, the estimate of cadmium in surface water runoff is 
approximately 5 tonnes, or about 22% of the total releases to water as per the current estimate. 
 
2.2.4 Contaminant load analysis 
The contaminant load analysis estimates contaminant loads in ambient freshwater using water 
quality monitoring data and streamflow. This analysis was used to estimate the amount of 
contaminants across freshwater monitoring stations in the areas of interest. Environment and 
Climate Change Canada has monitoring stations set up across Canada representing urban, rural, 
and remote areas where atmospheric pollution is recorded from local and long-range sources (see 
section 3). While sediments and atmospheric deposition of pollutants from local and long-range 
sources are not included in the current database, their impact may be captured by the 
contaminant load analysis.  
 
The contaminant load analysis uses time series for ambient freshwater pollutant levels in surface 
water from 2003-present to estimate levels of contaminants, where sufficient data is available. 
Currently, a contaminant load analysis for the Fraser Basin for 2003-2018 is available, and one is 
being developed for select areas in the St Lawrence River Basin. Comparing the contaminant load 
analysis to the release data can indicate whether there are missing sources and gauge where 
pollutants are ending up. The contaminant load analysis concentration data is also compared to 
environmental quality guideline and benchmark values and PAWPIT maps out areas where there are 
exceedances. This can identify where existing controls may not be sufficient to protect habitat from 
pollution. 

Analyses of water quality data used in the contaminant load analysis have shown exceedances of 
environmental quality guidelines for cadmium in 2004-2006 in the Lower Fraser River. An analysis of 
more recent water quality data is underway. 

Findings and recommendations 
Data from 2017 PAWPIT estimates agree with NPRI that pulp and paper is the primary contributor to 
cadmium releases to water, though differences in accounting for disposals make it difficult to 
compare releases to land between PAWPIT and the other inventories. PAWPIT also estimates 
releases from a significant number of facilities and sources that do not report releases of cadmium 
to NPRI, leading to a much larger number of estimated releases to land and water, despite covering 
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a much smaller area of Canada. This suggests that smaller sources of release that do not meet the 
reporting requirements and thresholds set by NPRI, may be important contributors to the overall, 
cumulative releases of cadmium to the environment.   

Using PAWPIT to compare release estimates with levels of cadmium measured in water through the 
contaminant load analysis indicates that some sources of metals (as well as other pollutants) may 
be missing from PAWPIT estimates. For example, surface water runoff may also represent a 
significant source of cadmium entering water.  

It is recommended that Environment and Climate Change Canada consider identifying sources of 
cadmium releases to the environment and municipal wastewater that are not captured by NPRI on 
a national scale as data from wastewater monitoring (see section 2.3) and PAWPIT suggest that 
these sources may be important contributors to cadmium levels in the environment.  

2.3 Releases from municipal landfill leachate and municipal wastewater  

2.3.1 Municipal solid waste landfill leachate 
Municipal solid waste landfills receive waste from both industrial and residential sources. Cadmium 
may be present in the waste as a result of industrial processes or due to disposal of cadmium-
containing products. Through the mixing of waste and exposure to environmental conditions, liquid 
runoff from landfills (leachate) may contain a number of toxic substances, including inorganic 
cadmium compounds. It may take several years for cadmium to leach out of waste in landfills. It is 
estimated that for Canadian municipal solid waste landfills, approximately 5.5% of leachate is 
released directly to the environment, 7.1% is treated on site and then discharged to the environment 
and 87.4% is treated at a wastewater treatment plant (Conestoga Rovers, 2015). Data on the 
chemical make-up of the leachate collected over time can provide an estimate of the amount of 
cadmium that is entering the environment from waste disposal activities.  

Under the Chemicals Management Plan, leachate sampling was conducted at Canadian municipal 
solid waste landfills between 2008 and 2013. Landfills selected for sampling permitted to receive 
40,000 tonnes of municipal solid waste per year, had a minimum of 1 million tonnes of waste in 
place, and had operating leachate collection systems. Thirteen landfills voluntarily participated in 
the study, four in western Canada and nine in central Canada. Over the 2008-2013 period, cadmium 
was detected in 43% of leachate samples. The average concentration in pre-treated landfill leachate 
was 0.38 ug/L for total cadmium; although the median concentrations were below detection limits. 
This indicates that most samples were below detection limits, but some samples had 
concentrations well above detection limits. The maximum value detected was 2.25 ug/L. Following 
onsite treatment, the estimated average rate of removal was 6.7%.  

Based on this data and using the highest 10% of leachate values (90th percentile) to calculate a 
worst-case scenario, it was estimated that, at most, 23.6 kg (0.0236 tonnes) of cadmium per year is 
released to the environment from landfill leachate in Canada, including leachate treated by 
municipal wastewater treatment plants (Conestoga Rovers, 2015). Performing the same calculation 
using the average cadmium concentrations in landfill leachate rather than the top 10% of values, the 
estimate of environmental loading was reduced to 3.7 kg (0.0037 tonnes) of cadmium per year 
(Conestoga Rovers, 2015). There were no clear trends in the data to indicate a change in cadmium 
levels in leachate over time suggesting that waste materials received by these municipal solid waste 
landfills contained about the same levels of cadmium over the 2009-2013 period.  
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The average and maximum values reported by the Chemicals Management Plan leachate sampling 
are similar to those reported for Europe where municipal solid wastes had cadmium contents of 0.2-
12 mg/kg with average leachate concentrations between 0.5 and 3.4 ug/L (European Chemicals 
Bureau, 2007). 

2.3.2 Municipal wastewater  
Municipal wastewater treatment plants serve approximately 86% of Canada’s population. Municipal 
wastewater refers to used water from homes, businesses, industries and institutions that drains into 
sewers. It contains sanitary sewage and is sometimes combined with storm water from rain or 
melting snow draining off rooftops, lawns, parking lots and roads. Municipal wastewater can contain 
human and other organic waste, nutrients, pathogens, microorganisms, suspended solids and 
household and industrial chemicals. Treating wastewater before it is released into lakes and rivers 
reduces the risks posed to human health and the environment. 

There are three kinds of wastewater treatment that facilities can perform:  

• Primary treatment: Removing a portion of suspended solids and organic matter by physical 
and/or chemical processes 

• Secondary treatment: Removing organic matter and suspended solids using biological 
treatment processes 

• Tertiary/advanced treatment: Removing specific substances of concern (solids, nutrients 
and/or contaminants) after secondary treatment using a number of physical, chemical or 
biological processes 

About 96% of municipal wastewater in Canada is treated before being discharged, while about 4% 
is discharged untreated (Environment and Climate Change Canada, 2020). Examining the levels of 
cadmium in wastewater can provide an indication of the use and disposal of cadmium containing 
products and the amount of cadmium entering the environment from use and disposal activities. 
Substances in products may be put down the drain in domestic and industrial facilities served by 
wastewater treatment plants. Additionally, the majority of landfill leachates are processed by 
wastewater treatment facilities before being discharged to the environment.  

Wastewater is sampled annually under the Chemicals Management Plan. The wastewater sampling 
program is designed to look at representative wastewater treatment plants for a number of toxic 
substances. This helps to balance the many different needs for monitoring toxic substances and 
provides data that is representative to wastewater treatment type, and geographic regions. Due to 
this arrangement, it is not possible for site-specific temporal trends to be established.   

Between 2009 and 2019, 317 influent (wastewater before treatment) and effluent (wastewater after 
treatment) samples from 36 wastewater treatment plants were analyzed. Cadmium was detected in 
48% of influent samples, and 41% of effluent samples. The levels of cadmium measured in influent 
are related to upstream inputs and do not appear to be correlated with the volume of water flowing 
through each plant; nor do they appear to be correlated with estimated percentages of residential 
versus commercial inputs to the wastewater system.  

Wastewater treatment removes cadmium from the influent by partitioning to solids, reducing the 
overall levels of cadmium in the effluent. The efficiency of treatment methods varies, with facultative 
and aerated lagoons being significantly more effective at removing cadmium from wastewater at an 
average rate of 85-86%, compared to primary, secondary and advanced treatment processes, which 
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remove cadmium at rates between 71 and 73%. The maximum influent concentration of cadmium 
was 16.9 µg/L, which was reduced to below the limit of detection in the effluent. Ninety percent of 
wastewater treatment plants had median influent concentrations of 0.17 µg/L or less. The maximum 
effluent concentration was 1.65 µg/L. Ninety percent of wastewater treatment plants had median 
effluent concentrations of 0.05 µg/L or less. 

Cadmium is an element and cannot be destroyed or broken down further. Cadmium removed from 
wastewater during treatment processes ends up in the sludge. Sludge is the organic solid material 
removed or generated during wastewater treatment processes. Facilities may treat sludge to 
generate biosolids for land application, fertilizer, or compost; or it may be treated as waste and sent 
to landfills or incinerated. Since most of the cadmium entering wastewater treatment facilities is 
removed from the water during the treatment process and found in biosolids, looking at the levels of 
cadmium in municipal biosolids will also indicate changes in domestic and industrial uses of 
cadmium containing products. Analyzing municipal biosolids will provide insight into the amount of 
cadmium being added to land through their use. 

Municipal biosolids were sampled 197 times from 27 wastewater treatment plants over the 2009 to 
2019 period. Cadmium was detected in 98% of samples, being below the limit of detection in four 
cases. Ninety percent of wastewater treatment plants had median cadmium concentrations in 
biosolid samples below 2.50 µg/g and 75% had medians below 1.48 µg/g. The two plants with 
concentrations above the 90th percentile (2.50 µg/g) were significantly higher. One had a median of 
34.7 µg/g (max 94.0 µg/g, min 7.50 µg/g) and the other had a median of 17.0 µg/g (max 17.4 µg/g, min 
5.30 µg/g). Both these facilities were sampled in the 2009-2011 sampling period and again in the 
2018-2019 period, where concentrations declined. There does not appear to be a correlation with 
the volume of wastewater processed at each plant and cadmium concentrations of biosolids, nor 
with the estimated percentages of residential versus commercial inputs to the wastewater system. 
The two facilities with the highest concentrations of cadmium in biosolids were in the 50th and 75th 
percentiles respectively for both influents and effluents. The biosolids from the first facility are 
destined for land application, and those from the second facility are incinerated. 

The Canadian Council of Ministers of the Environment, Bureau de Normalisation du Quebec, and 
Canadian Food Inspection Agency have standards for concentrations of trace metals in fertilizers 
and soil supplements. The Canadian Council of Ministers of the Environment and Bureau de 
Normalisation du Quebec use a threshold approach to recommend the maximum levels of trace 
metals in composts depending on the end use (Bureau de normalisation & du Québec, 2016; 
Canadian Council of Ministers of the Environment, 2005). For compost that can be used without 
limits in any application such as agriculture, residential gardens, nurseries and horticultural 
operations, the standard is 3 mg/kg (or 3 µg/g). The maximum cadmium content for compost where 
its use should be restricted is 20 mg/kg (20 µg/g). Compost with cadmium levels higher than 20 mg/kg 
should be used only for specific circumstances in accordance with provincial and territorial rules or 
disposed of appropriately. Provinces and territories may have their own standards for compost that 
apply.  

The Canadian Food Inspection Agency uses a set of metal limits for fertilizers and soil supplement 
products based on a calculation that takes into account soil loading over a 45-year period according 
to the labelled application rate (Canadian Food Inspection Agency, 2021). The cumulative 
application approach is intended to account for the persistence of metals in the environment, which 
ultimately determines the level of contamination and long-term impacts. The standards apply to 
total metal content and are conservative to account for long term cumulative effects of metals on 
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plant, animal and human health. They further account for metal concentrations in soils, and plant 
uptake factors such as soil acidity and soil cation exchange capacity.  

Biosolids that were destined for use in land applications were below the content limits for 
unrestricted use, except for at one facility in eastern Canada which had much higher cadmium levels 
than maximum content set in the compost standards for restricted use set by the Canadian Council 
of Ministers of the Environment and Bureau de Normalisation du Quebec (Table 2). This facility was 
sampled in warm and cold seasons from 2009-2011 and again in summer in 2018 and 2019. The 
cadmium levels in biosolids in the 2018-2019 samples were higher than the unrestricted use 
content, but lower than the restricted use content. It is not possible to compare the concentrations 
of municipal biosolids used for land application with the metals standards set by the Canadian Food 
Inspection Agency, because those standards are set based on rates of application according to 
product labels.  

Table 2. Destinations and cadmium levels in municipal biosolids from wastewater treatment plants (mg/kg) 

Biosolids destination Number of 
wastewater 
treatment 
plants 

Number 
of 
samples 

Average  Median  Minimum Maximum 

Compost 4 28 1.09 0.76 0.49 2.22 
Forest fertilization 1 6 2.15 2.09 1.91 2.45 
Land application 16 106 7.87 0.97 0.00 94.00 
Mine reclamation 1 9 2.07 2.08 1.80 2.36 
Landfill 1 12 0.92 0.91 0.37 1.37 
Incineration 4 36 5.92 5.35 0.34 17.40 

 

In sum, cadmium is present in the influent, effluent, and biosolids of wastewater treatment plants 
as a result of inputs from residential and industrial activities. Although not designed to do so, 
wastewater treatment plants are effective at removing cadmium from influent. Cadmium removed 
from water is captured in biosolids, which are often destined for land application. Cadmium levels 
in municipal biosolids used for land application are generally not above thresholds for use set by the 
Canadian Council of Ministers of the Environment and Bureau de Normalisation du Quebec.   

Findings and recommendations 
Although not reported to NPRI, it is likely that cadmium from products and industrial waste is 
entering municipal solid waste landfills, given the presence of cadmium in leachate samples. 
Leachate data from municipal solid waste landfills suggested that they are unlikely to be a large 
source of cadmium releases to the environment, which is consistent with the findings of other 
studies (Five Winds International, 2001; Young & Lund, 2006), though this could change if larger 
amounts of cadmium are being disposed of as the leaching of cadmium from waste could take 
several years. There was not enough data available from monitoring of municipal solid waste landfills 
or wastewater treatment facilities to determine trends over time or to compare sites to each other. 
Monitoring data from municipal solid waste landfills and wastewater treatment facilities were also 
not able to provide a clear picture of releases of cadmium from product use and disposal.   

It is recommended that monitoring of wastewater influent, effluent and municipal biosolids should 
continue. Where possible, data collection should support the development of time series to better 
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track changes in cadmium levels. Leachate from municipal solid waste landfills should be 
periodically monitored as data show that more cadmium waste is being disposed of over time. 

2.4 Environmental effects monitoring 

In Canada, some federally regulated industries are required to monitor effluent (wastewater) 
released from their facilities to identify potential effects caused by effluents on fish, fish habitat and 
use of fish by humans. Environmental effects monitoring is a performance measurement tool used 
to evaluate the adequacy of effluent regulations in protecting fish, fish habitats and the usability of 
fisheries resources. Environmental effects monitoring studies include water quality monitoring, 
effluent chemical characterization, effluent sublethal toxicity testing, and biological monitoring in 
the environment.  

Relevant to this evaluation, there are two industrial sectors that report releases of cadmium to the 
National Pollutant Release Inventory (NPRI) that also are required to conduct environmental effects 
monitoring. These are the metal and diamond mining sector, regulated by the Metal and Diamond 
Mining Effluent Regulations, and the pulp and paper sector, regulated by the Pulp and Paper Effluent 
Regulations (see Section 4.1 for details on the regulations). Provincial and territorial legislation and 
permitting requirements may also require environmental monitoring; however, these are beyond the 
scope of this evaluation. 

Data collected under environmental effects monitoring programs will provide insight into the levels 
of cadmium released in effluents from industrial sectors. While the NPRI provides an idea of total 
releases to the environment, environmental effects monitoring data is useful to consider because it 
will give an understanding of how much cadmium is typically entering the environment by facility 
effluent at a given point in time. Using this data, it is possible to see whether there are patterns in 
cadmium concentrations across mines and pulp and paper facilities respectively.  

2.4.1 Releases from metal and diamond mining 
The Metal and Diamond Mining Effluent Regulations require that mines conduct water quality 
monitoring and effluent characterization four times per year. The purpose of effluent 
characterization and water quality monitoring is to support the interpretation of biological 
monitoring studies which assess and investigate any mine-related effects on fish health, habitat, 
food sources, and usability of fish for human consumption. Effluent characterization is conducted 
by analyzing a sample of effluent to provide information on the concentrations of contaminants. 

Water quality monitoring is conducted by collecting and analyzing samples of water from the 
exposure area surrounding the point of entry of effluent into water from each final discharge point 
and from the related reference areas. In addition, samples of water are collected and analyzed from 
sampling areas in receiving environments where biological monitoring is completed. 

At the same time, sublethal toxicity testing is also required. This testing monitors effluent quality by 
measuring survival, growth and/or reproduction endpoints in marine or freshwater organisms in a 
controlled laboratory environment.  

Certain types of mines have been required to submit the results of their environmental effects 
monitoring and effluent characterization to Environment and Climate Change Canada since 
December 2002 (see section 4.1.1.4), when environmental monitoring requirements were added to 
the regulations. Between 2004 and 2021 cadmium was found to be present in reference areas, 
effluent and exposure areas, at nearly all mine sites. Detection rates for cadmium in samples taken 
from reference areas ranged from 93-99% (present at 96%-100% of mines), and 94-99% in exposure 
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areas (present at 96-100% of mines). In effluent, cadmium was detected between 6% and 34% of 
the time in samples taken between 2004 and 2018 (present at 17-53% of mines), but following the 
new analytical requirements introduced by the 2018 MDMER amendments, cadmium was detected 
in effluent between 88% and 92% of samples taken between 2019 and 2021 (present at 95-99% of 
mines).   

When cadmium was detected, levels in samples taken from reference areas were the lowest and 
levels in effluent samples were the highest; although, there was a high degree of variability in the 
range of cadmium concentrations reported from year to year and from mine to mine. Cadmium 
levels found in the reference area were sometimes higher than those found in the exposure area, 
indicating that there may be natural sources of cadmium present, or that the reference area may be 
influenced by other anthropogenic sources. Overall, median cadmium concentrations recorded in 
effluent, exposure, and reference areas have generally declined over time (Figure 11). Median 
cadmium levels in exposure areas of mining facilities are higher than those reported in surface water 
reported in section 3.2.3.2, except for in the Arctic Ocean drainage area and Hudson Bay drainage 
basins, which have naturally high cadmium levels. However, there were still some drainage areas 
within the larger Arctic Ocean and Hudson Bay drainage basins where cadmium levels in exposure 
and reference areas were higher than those recorded by freshwater quality monitoring and 
surveillance programs.  

In reference and exposure areas where cadmium was detected, some samples exceeded the 
Canadian water quality guidelines for the protection of aquatic life. The percentage of samples 
exceeding Canadian environmental quality guidelines declined over time (Figure 12). A similar 
pattern follows for the percentage of mine sites that had at least one sample over the Canadian water 
quality guidelines each year. In 2004, 92% of mines reporting cadmium levels above detection in 
reference areas had reported levels that exceeded the long-term Canadian water quality guideline 
and 72% exceeded the short-term water quality benchmark. For exposure sites in 2004, 69% of 
mines reported values that exceeded the long-term water quality guideline and 42% reported values 
that exceeded the short-term benchmark. In 2021, 29% of mines reporting cadmium levels above 
detection limits in reference areas had at least one sample exceeding long term water quality 
guidelines and 12% exceeding the short-term benchmark. For exposure areas, 38% of mines 
reported levels exceeding long term water quality guidelines and 14% reported levels exceeding the 
short-term water quality benchmark in 2021. Further investigation may be warranted for sites with 
exceedances of water quality guidelines, especially for those exceeding the short-term benchmark. 

In examining cadmium levels in effluent, only comparisons to the short-term water quality 
benchmark are appropriate, since this would tell us if the effluent may be acutely toxic. The number 
of samples collected, the number of samples where cadmium has been detected, and the number 
of samples exceeding the short-term water quality benchmark have increased over time (Figure 13). 
However, the percentage of samples exceeding short-term water quality guidelines has declined 
over time and remained relatively stable, typically at less than 5%.
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Figure 11. Median cadmium concentration in effluent, exposure areas, and reference areas reported under regulatory requirements. 
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Figure 12. Percentage of samples containing cadmium with concentrations exceeding long term Canadian freshwater quality guidelines and short-term 
benchmarks. 
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Figure 13. Number of effluent samples collected relative to the number of cadmium detections and 
exceedances of the short-term water quality benchmark over time 

 

2.4.2 Releases from pulp and paper  
Under the Pulp and Paper Effluent Regulations, sublethal toxicity testing is required once or twice 
per calendar year depending on whether the mill deposits effluent for more or less than 120 days 
per year. Sublethal toxicity testing is conducted on effluent from the outfall structure that has 
potentially the most adverse environmental impact. This testing monitors effluent quality by 
measuring survival, growth and/or reproduction endpoints in marine or freshwater algae and 
invertebrate organisms in a controlled laboratory environment. The requirement to also test a fish 
species was removed in amendments made to the regulations in 2008. 

Biological monitoring studies are conducted in three- or six-year cycles. The requirements for each 
study are dependent on the results of the previous cycle’s results. To assess effects, biological 
monitoring studies are conducted for three components: 1) a study respecting the fish population 
to assess effects on fish health; 2) a study respecting the benthic invertebrate community to 
assess fish habitat or fish food; and 3) a study respecting fish tissue dioxins and furans to assess 
the human usability of the fisheries resources. The studies for the fish population and benthic 
invertebrate community components are conducted in both exposure and reference areas. 

The environmental effects monitoring shows a marked improvement in effluent quality since the 
introduction of the regulations. However, the data from biological monitoring studies show that mill 
final effluents from 77% of the mills in operation in 2019 have impacts on receiving environments. 
The national average pattern of effects for fish was typical of those conditions related to nutrient 
enrichment, co-occurring with metabolic disruption (reduced gonad size), and the national pattern 
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of effects for fish habitat (benthic invertebrate communities) was typical of various degrees of 
eutrophication (that is, nutrient enrichment conditions).  

Mills subject to the regulations continue to investigate and monitor environmental effects. Studies 
indicated that the observed effects may be linked with elevated levels of organic matter in mill 
effluents. Effluent characterization analyses used to report the concentrations of metals in effluent 
is not currently a requirement under this regulation. However, amendments to the regulation will 
likely introduce quarterly effluent characterization analysis and water quality monitoring 
requirements are also being considered.  
 
Similar to wastewater treatment facilities, pulp and paper facilities report releases of cadmium to 
water to the NPRI using calculations based on source testing, published emission factors, or site-
specific engineering estimates. In 2020, there were 23 facilities that conducted effluent testing and 
reported average cadmium concentrations in effluent ranging from 0.08 to 12.9 µg/L. Only one 
facility reported that cadmium levels in effluent were below detection limits for all samples; 
however, their reported detection limit was the highest at 5 µg/L. Data from provincial monitoring 
programs collected for the PAWPIT on pulp and paper effluent facilities in British Columbia 
estimated an average cadmium concentration of approximately 5 µg/L. 
 

Findings and recommendations 
Cadmium was usually present in reference areas, effluent, and exposure areas of mining operations. 
The percentage of samples that exceeded environmental quality guidelines declined over time even 
though detection rates and the number of samples increased. Cadmium levels in mining effluent are 
infrequently above levels expected to be acutely toxic to aquatic life; however, cadmium levels in 
exposure areas are still above long-term environmental quality guidelines about 17% of the time. In 
some cases, cadmium levels were higher in reference areas than exposure areas, and reference 
areas levels were higher than the long-term guideline 14% of the time. There may be upstream 
activities or natural processes that should be accounted for when evaluating the impacts of the 
mining operation.  

Environmental effects monitoring of pulp and paper effluent is useful for evaluating the Pulp and 
Paper Effluent Regulations but is currently of limited value for the evaluation of performance 
measurement for cadmium because the effluent is not characterized. Data collected under the 
existing environmental effects monitoring requirements show whether the environment is impacted 
and provide some information as to what is causing impacts, but the role of specific metals in the 
impacts is unknown. Effluent characterization being considered for the new amendments to the 
regulations would help to shed light on the causes of environmental impacts. As noted in section 2, 
pulp and paper facilities account for a large portion of cadmium releases to water reported to NPRI. 
Characterization of effluent and metals monitoring in exposure areas could help to draw 
conclusions regarding environmental impacts of pulp and paper facilities.  

It is recommended that: 

• further investigation be considered for mining effluent exposure areas and reference areas where 
cadmium levels are higher than calculated guideline levels. 

• requirements for effluent characterization for metals including cadmium should be included in the 
amended regulations to help assess the environmental impacts of cadmium releases from pulp and 
paper facilities and inform future performance measurement evaluations. 
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2.5 Conclusion on releases of cadmium from human sources 

Release inventories are important tools to track trends in releases of cadmium to the environment 
over time. Trends in reported environmental release are indicators that can help determine if risk 
management approaches are effective and whether progress has been made to achieve the risk 
management objective to reduce releases of inorganic cadmium compounds to the environment to 
the lowest extent feasible. Progress has been made in achieving the risk management objective as 
total releases reported to NPRI have declined by more than 93% since 1994. There have been marked 
declines in reported releases to air, water, and land for the sectors of concern identified in the 1994 
Assessment (metal production, stationary fuel combustion, transportation, solid waste disposal, 
sewage sludge application). At the same time, other sectors that were not identified as concerns in 
the 1994 assessment have begun to make up a larger part of the cadmium releases profile, in 
particular manufacturing of pulp and paper and wood products. Additional work is needed to better 
understand releases from sources not captured by NPRI reporting to determine whether additional 
risk management action should be considered.  

3 Cadmium in the environment 

As previously noted, cadmium enters the environment through both human and natural sources. As 
part of the Government’s commitment to protecting human health and the environment, a number 
of different programs monitor toxic substances, including cadmium in air, water, sediments, fish, 
and wildlife.  

In order to assess whether progress has been made in achieving the environmental objective, an 
analysis of trends of cadmium levels in the environment is required. It is important to consider 
natural background concentrations in this analysis as well as compare environmental cadmium 
concentrations to established guidelines or adverse effects thresholds.  

3.1 Air 

Cadmium enters the atmosphere from natural processes like volcanic eruptions, erosion and dust, 
and forest fires, but most cadmium in the air comes from human activities as noted in section 2. 
When released into the atmosphere, cadmium compounds are associated with respirable-sized 
airborne particles, known as air particulate matter (PM). These particles can be carried long 
distances and deposited onto the earth below by rain or falling out of the air. Breathing air with high 
levels of cadmium is harmful to people and animals. 

Particles are defined by their diameter for air quality regulatory purposes. Particles less than or 
equal to 2.5 micrometers in diameter, or PM2.5, are known as “fine” particles. Those larger than 2.5 
micrometers but less than or equal to 10 micrometers are known as “coarse” particles (PM10-2.5). 
PM10 refers to all particles less than or equal to 10 micrometers in diameter. PM contains a broad 
range of chemical species, including elemental and organic carbon compounds, oxides of silicon, 
aluminum and iron, trace metals, sulphates, nitrates and ammonium.  
 
Air quality has been monitored for over fifty years in Canada by a number of government programs. 
The National Air Pollution Surveillance (NAPS) program was established in 1969 to monitor and 
assess the quality of outdoor air in Canadian neighbourhoods with the goal of providing accurate and 
long-term air quality data of a uniform standard across Canada (Celo & Dabek-Zlotorzynska, 2011; 
Environment and Climate Change Canada, 2022g; Government of Canada, 2022a). It is a joint 
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program of federal, provincial, territorial and some regional government partners.  Air quality data 
for a variety of pollutants are currently collected from nearly 260 NAPS stations Canada-wide. NAPS 
began measuring metals in air in 1984. Analysis initially included both coarse and fine particulate 
matter by Energy Dispersive X-ray Fluorescence spectrometry method (ED-XRF) which is not 
sensitive enough for most of the elements. In 2004, NAPS added the metal analysis of PM2.5 by 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) method at 5 sampling sites. This method 
is much more sensitive and allowed for measurements of very low levels of toxic elements in air 
particulate matter. As of 2022, metals are routinely measured by ICP-MS in PM2.5 at 14 NAPS sites 
and in PM10-2.5 at selected sites. 

Long-term air quality data for PM10 is also available from the Great Lakes Basin Monitoring and 
Surveillance Program, which has operated at three sites since the 1980s. The monitoring stations 
are located on Burnt Island, in Northern Lake Huron; Egbert, in eastern Lake Huron/Georgian Bay; 
and Point Petre in eastern Lake Ontario.  

Short-term projects have also been completed to better understand air quality contaminants, 
sources, and cumulative risks to human health in the environment. For example: 

• as part of a comprehensive 2015-2016 near-road study, trace elements were monitored in particulate 
matter collected at three near-road monitoring stations established in the downtown area and near a 
busy highway in Toronto, and beside a major trucking route in Vancouver (Celo et al., 2021; Dabek-
Zlotorzynska et al., 2019);  

• air quality was measured at five sites near oil sands processing activities from 2010-2017, under the 
Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring (JOSM) Program (Mamun et al., 
2021); 

• the Air Toxics in Canada (ATiC) project was initiated in 2009 to provide data to support an 
assessment of cumulative risk of toxic substances in air. The work under this study has led to a 
baseline understanding of ambient air toxics measurements in Canada and has identified several 
knowledge gaps for which research is ongoing;  

• new Canadian-led passive sampling techniques were recently developed to measure trace metals in 
air (Gaga et al., 2019) and may help to provide new data for areas where traditional sampling 
methods are not suitable as passive sampling offers several advantages in terms of cost, 
maintenance, ease of use and no need for electricity or infrastructure. 

The data collected through Environment and Climate Change Canada’s research supports 
government policies, programs and research studies including the Air Quality Health Index, 
Canadian Environmental Sustainability Indicators, and the US-Canada Air Quality Agreement. 
Declining trends in cadmium measured in air indicates that progress has been made to achieve the 
environmental objective.  

3.1.1 Air quality guidelines 
To protect people and the environment from cadmium in the air, many provinces established air 
quality guidelines for outdoor ambient air; however, there are no federal air quality guidelines for 
cadmium in place. Guidelines for cadmium are typically calculated as the average cadmium 
concentration in either particulate matter over a period of one year (annual) or over 24 hours. Quebec 
has established an air quality guideline (norm) for cadmium in particulate matter of 0.0036 µg/m3 
annual (3.6 ng/m3) (Ministère de l’Environnement, de la Lutte contre les changements climatiques, 
2022). Ontario’s annual ambient air quality guideline for cadmium is 0.005 µg/m3 (5 ng/m3) and the 
24-hour air quality guideline is 0.025 µg/m3 (25 ng/m3) (Ontario Ministry of the Environment, 
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Conservation and Parks, 2020). Additionally, the European Union set annual air quality standards of 
0.005 µg/m3 in PM10, in line with the air quality guidelines developed by the World Health Organization 
(European Environment Agency, 2021). Although other Canadian provinces have also set ambient 
air quality guidelines, the guidelines for Ontario and Quebec are the lowest and are the ones that will 
be used in this evaluation. 

Another important indicator to consider in this evaluation of the effectiveness of risk management 
measures for cadmium is the amount of times cadmium levels in air exceeded air quality guidelines 
put in place to protect the environment and human health. It is important to note that the guidelines 
developed by Ontario are based on evaluation of impacts to human health, not the environment. 
Quebec’s guidelines were developed based on toxicological modelling as well as considerations for 
background levels, costs and benefits to public health, industry competitiveness, and technological 
feasibility (Ministère de l’Environnement, de la Lutte contre les changements climatiques, 2022).  

3.1.2 Levels of cadmium in Canadian air and comparisons with air quality guidelines 
A review of monitoring data collected by the programs and studies noted above has found that 
average cadmium levels were similar in particulate matter in both urban and rural areas.  

Average cadmium levels in fine particulate matter ranged from 0.04-0.09 ng/m3 between 2004 and 
2019. Over this period, Montreal, QC and Windsor, ON had the highest average and median 
cadmium concentrations. The maximum level of cadmium recorded was in Edmonton, AB; (outlier, 
not shown in Figure 14, see   
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Table 3). However, there was no exceedance of the 24-hour air quality guideline of ON and of annual 
ambient air quality guidelines of ON and QC. Halifax had the lowest average and median 
concentrations of cadmium. Studies in the Alberta Oil Sands Region, for the 2016-2017 period, 
showed that the main source of cadmium in the region was wildfires (Mamun et al., 2021). The 
highest concentrations, ranging from 0.26 to 0.38 ng/m3, were recorded during the wildfires in 
Alberta in May 2016. However, the concentrations of cadmium are lower or comparable to most of 
the urban sites in Canada. Cadmium levels do not appear to be correlated with seasonality (Celo & 
Dabek-Zlotorzynska, 2011; Li et al., 2020), though it appears that higher levels of cadmium are 
observed in areas affected by local or regional industrial activities, for example non-ferrous metal 
smelting. Even though monitoring stations may not be located near industrial areas, cadmium in 
particulate matter travels far from the source of release. For example, residential areas can receive 
particulate matter from industrial activities happening in a different neighbourhood or a different 
city.  

Monitoring data show that 53 to 79% of cadmium and its compounds reside in the PM2.5 fraction 
(Table 5). This means that monitoring cadmium concentrations in PM2.5 only leaves a potentially 
significant amount of cadmium unaccounted for. As noted by Galarneau et al. (2016), including the 
coarse particulate matter fraction in the measurement of cadmium in ambient air is important in 
order to ensure that the relative burden of metals in air is not underestimated. Cadmium levels in 
PM10 and PM2.5 measured across programs did not exceed the Ontario or Quebec annual ambient air 
quality guidelines. All values were below air annual quality guidelines of 5 ng/m3 and 24-hour 
guidelines of 25 ng/m3 . 
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Figure 14. Concentration of cadmium in air at NAPS and Oil Sands monitoring locations between 2004 and 
2019. 

  

Alberta Oil Sands Region 
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Table 3.  Cadmium concentrations in PM2.5 measured through the NAPS program 

Location 
Years of 
operation 

Detection 
frequency 

Minimum Maximum Median Mean  
Standard 
deviation 

Halifax 2012-2019 64.9 0.009 2.38 0.02 0.03 0.08 

Saint John 2010-2019 66.0 0.009 0.87 0.03 0.04 0.05 

Canterbury 2004-2009 72.9 0.005 0.30 0.03 0.04 0.03 

Montreal 2004-2019 95.7 0.009 12.02 0.09 0.21 0.55 

St. Anicet 2014-2017 83.2 0.008 0.74 0.04 0.06 0.07 

Ottawa 2012-2019 83.5 0.009 0.54 0.05 0.06 0.07 

Windsor 2004-2019 96.1 0.008 1.11 0.12 0.15 0.13 

Toronto 2004-2019 90.0 0.005 4.72 0.06 0.09 0.17 

Hamilton 2013-2019 93.3 0.009 0.73 0.07 0.10 0.09 

Wallaceburg 2010-2012 83.5 0.009 0.72 0.08 0.09 0.08 

Simcoe 2010-2019 91.8 0.009 2.00 0.06 0.07 0.10 

Edmonton 2010-2019 85.4 0.008 14.89 0.05 0.09 0.49 

Burnaby 2010-2019 76.3 0.009 2.35 0.03 0.07 0.14 

Abbotsford 2004-2019 80.2 0.005 2.59 0.04 0.06 0.11 
Alberta Oil 
Sands - Fort 
McKay 2016-2017 78.9 0.005 0.28 0.02 0.03 0.04 
Alberta Oil Sands 
- Lower Camp 2011-2015 62.8 0.004 3.50 0.02 0.04 0.21 
Alberta Oil Sands 
- Mannix 2011-2015 61.9 0.004 0.53 0.02 0.03 0.06 
Alberta Oil Sands 
- Buffalo 
Viewpoint 2017 65.5 0.005 0.25 0.02 0.03 0.04 
Alberta Oil Sands 
- Syncrude 2011-2015 59.2 0.004 0.75 0.02 0.03 0.06 
Alberta Oil Sands 
- Wapasu Creek 2016-2017 53.4 0.005 0.33 0.01 0.02 0.05 
Alberta Oil Sands 
- Stony Mountain 2016-2017 53.7 0.005 0.38 0.01 0.02 0.04 
Near Road Study 
- HWY 401 2015-2019 96.9 0.009 4.49 0.06 0.08 0.20 
Near Road 
Study  - 
Vancouver 2015-2019 90.9 0.009 0.63 0.04 0.07 0.09 
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Table 4. Concentrations of cadmium in PM10 (ng/m3) in the Great Lakes Basin 

 

Table 5. Particle size distribution of cadmium at selected sites for samples collected during 2015-2017 and 
2019 

Site Median 
Concentration 
in PM10 (ng m-3) 

Minimum 
Concentration 
in PM10 (ng m-3) 

Maximum 
Concentration 
in PM10 (ng m-3)  

Average Size 
Fraction (%) Fine 

(<2.5 µm) 

Average Size 
Fraction (%) 

Coarse (2.5-10 
µm) 

Montreal, 
QC 

0.144 0.012 1.312 68.0 32.0 

Hamilton, 
ON 

0.134 0.012 0.420 78.4 21.6 

Toronto, 
ON 

0.115 0.040 0.515 74.5 25.5 

Edmonton, 
AB 

0.091 0.012 0.561 62.2 37.8 

Vancouver, 
BC 

0.081 0.027 0.623 53.1 46.9 

HWY 401, 
ON 

0.076 0.034 0.423 71.6 28.4 

Burnaby, 
BC 

0.049 0.012 0.672 74.2 25.8 

Saint John, 
NB 

0.039 0.008 0.149 75.1 24.9 

 

The potential sources of cadmium in particles in air were also investigated. NAPS monitoring data 
have shown that urban sites have higher concentrations of cadmium than regional background 
sites (Celo & Dabek-Zlotorzynska, 2011). Wildfires are thought to be responsible for maximum 
cadmium levels found in samples collected in the Alberta Oil Sands region (Mamun et al., 2021).  
Recently, preliminary data collected by passive sampling methods suggests that urban and rural 
areas have higher cadmium levels than remote background regions (see Annex 2 for details). 
Compared to samples collected in urban areas in Europe, Japan, and the USA, samples collected 
in Canadian urban areas contained equal or less cadmium and other trace metals (Celo & Dabek-
Zlotorzynska, 2011).   

Data from seven11 selected NAPS sites obtained between May 2004 and December 2006 were 
analyzed to identify potential sources of trace metals at each sampling site (Celo & Dabek-

 
11 Abbotsford BC, Vancouver BC, Simcoe ON, Toronto ON, Windsor ON, Montreal QC, Canterbury NB 

Location Years of 
operation 

Detection 
frequency 

Minimum Maximum Median Average  Standard 
deviation 

Burnt 
Island 

1995-2013 84.5 % 0.002 1.2  0.05 0.09 0.11 

Egbert 1995-2008 94.3 % 0.009 1.4 0.11 0.15 0.15 
Point 
Petre 

1995-2017 94.9 % 0.006 1.1 0.07 0.10 0.09 
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Zlotorzynska, 2011). There were two possible sources that accounted for most of the cadmium in 
air: fly ash emitted from coal burning facilities, and industrial pollution including metal production 
and manufacturing. Natural processes and road traffic were not found to highly impact cadmium 
levels at the sampling sites. A recent study in dense traffic areas in Toronto and Vancouver, 
confirmed that the traffic does not have a significant effect on particulate matter, but that regional 
and local industry contributed to the levels of cadmium found in particulate matter at these urban 
sites (Celo et al., 2021; Jeong et al., 2019, 2020). Studies using passive sampling techniques in the 
Greater Toronto Area suggest that cadmium levels in particulate matter are influenced by traffic 
emissions and local and residential sources (Gaga et al., 2019, Annex 2), but this method is still 
relatively new, and further validation and investigation is necessary to make any conclusions and 
rule out any possible confounding factors.   

In the Great Lakes region, analyses suggest that some of the cadmium in particulate matter comes 
from human sources; mainly fossil fuel combustion, metal processing and refining, and traffic-
related exhaust sources or vehicle emissions (Li et al., 2020). Computer models were used to look 
at where the pollution was coming from. For cadmium, most of the pollution was found to originate 
in the United States, although some Canadian pollution sources were noted around Sudbury, ON 
and near Montreal, QC (Figure 15) (Li et al., 2020). Data continues to be collected at Point Petre, but 
is no longer collected at Burnt Island or Egbert, which will make this type of modelling analysis 
difficult to replicate in the future. 

In addition to analyzing the total amount of cadmium levels in particulate matter, tests are also done 
to see how much of the cadmium in particulate matter can be dissolved in water. This information 
helps to understand the potential for exposure, long and short-term negative health effects of 
particulate matter and for explaining how metals move and are transported in air. NAPS data show 
that cadmium found in PM2.5 is more than 85% soluble at all sites. This means that most of the 
cadmium released in the atmosphere as part of particulate matter can be dissolved in precipitation 
like rain or snow, which falls to the ground or enters surface water. The dissolved cadmium can then 
be taken up by plants and animals. Therefore, the release of cadmium to air in particulate matter 
may have an important impact on the levels of cadmium observed in soils, sediments, and surface 
waters, as well as aquatic life. 
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Figure 15. Modelled source areas where cadmium is coming from based on the concentrations of cadmium 
in PM10 at Burnt Island, Egbert, and Point Petre monitoring stations.  This analysis is commonly used to 
identify source locations of pollutants in the region by calculating where the air carrying the particles that 
contained cadmium flew through. The colour grids on the map shows the following: Black shows the most 
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likely source areas (99% likely) at the highest concentration range (shown on the legend); followed by dark 
green (95-99 % likely); followed by light gray (75-95% likely); to most unlikely as clear colour (0-75 % likely).  

Trends in cadmium levels in air over time 

Progress in achieving the environmental objective can be shown by decreasing levels of cadmium in 
the air with the objective reached when they are equal to estimated background concentrations. In 
the Great Lakes Basin, a decline was observed at all three monitoring stations since the mid 1990s 
(Figure 16).  

About half of the stations monitored by NAPS displayed significant downward trends in cadmium 
concentrations in ambient air over time 
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Table 6). No trend was observed in: Halifax, NS; Canterbury, NB, Saint-Anicet, QC; Wallaceburg, ON, 
Simcoe, ON, Edmonton, AB, Burnaby, BC or Vancouver, BC. It is unclear why these sites have not 
shown declines; however, it could be due to contributions from natural sources, or that cadmium 
emissions in these areas have not been affected by Canadian risk management measures. Still, on 
a country level, cadmium concentrations in air have declined significantly (Figure 17). Unfortunately, 
there were not enough data to investigate these sites further by comparing between site types and 
surrounding land uses.  

 

 

Figure 16. Cadmium concentrations in PM10 measured at three long-term monitoring stations in the Great 
Lakes Basin from 1995 to 2008. 



47 
 

 

Figure 17. Median cadmium concentrations in PM2.5 at NAPS stations in Canada between 2010 and 2019. 
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Table 6. Cadmium concentrations in fine particulate matter (ng/m3). 

Location Site type Surroundin
g land use 

Dates of 
operation 

Number 
of 
samples 

Trend 

Halifax General population exposure Residential 2012-2019 949 No trend 

Saint John Point source Residential 2010-2019 877 Decrease** 

Canterbury Regional background Un-
developed 

2004-2009 406 No trend 

Montreal General population exposure Residential 2004-2019 1598 Decrease** 

St. Anicet Regional background Agricultural 2014-2017 208 No trend 

Ottawa General population exposure Residential 2012-2019 497 Decrease* 

Windsor Transportation source Residential 2004-2019 1323 Decrease** 

Toronto General population exposure Industrial 2004-2019 1886 Decrease** 

HWY 401 Transportation source  Commercial  2015-2019 509 Decrease* 

Hamilton Point source Residential 2013-2019 787 Decrease** 

Wallaceburg Regional background Residential 2010-2012 158 No trend 

Simcoe Regional background Agricultural 2010-2019 571 No trend 

Edmonton General population exposure Industrial 2010-2019 969 No trend 

Burnaby General population exposure Residential 2010-2019 709 No trend 

Vancouver Transportation source Residential 2015-2019 330 No trend 

Abbotsford General population exposure Industrial 
and 
Agricultural 

2004-2010 
and 2012-
2019 

1015 Decrease** 

Alberta Oil 
Sand Region – 
Fort McKay 

Regional background Forest 2016-2017 232 NA 

Alberta Oil 
Sand Region - 
Lower Camp 

Point Source Industrial 2011-2015 285 No trend 

Alberta Oil 
Sand Region - 
Mannix 

Point Source Industrial 2011-2015 294 Decrease** 

Alberta Oil 
Sand Region - 
Buffalo 
Viewpoint 

Point Source Industrial 2017 55 NA 

Alberta Oil 
Sand Region - 
Syncrude 

Point Source Forest 2011-2015 223 Decrease** 

Alberta Oil 
Sand Region - 
Wapasu Creek 

Regional background Forest 2016-2017 116 NA 

Alberta Oil 
Sand Region - 
Stony 
Mountain 

Regional background Industrial 2016-2017 205 NA 

* Indicate significance levels p<0.05      ** indicate significance levels p<0.01 
Site Type: Characterizes sites in terms of source influences 
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General Population Exposure - site located in an urban area where populations live, work, shop, play, and that are not 
classified as transportation or point sources  
Regional Backgrounds - site outside urban area  
Transportation source–influenced - site within 100 m of a major road or influenced by off-road vehicles and engines, rail, 
marine or aviation sources located in an urban area  
Point source–influenced - site near (< ~10 km) a major stationary emissions source located in an urban area; classification 
based on VOC and SO2 ambient measurement data 
 
Land use: indicates the main type of land use within a radius of 400 m from the station 

 

Findings and recommendations  
Human sources contribute to cadmium levels in air that are above natural background 
concentrations. Coal and fossil fuel combustion, metals production and manufacturing are the main 
sources of cadmium in air. Wildfires are also important sources of cadmium in particulate matter. 
Canadian traffic sources do not appear to contribute to cadmium levels in particulate matter (Celo 
et al., 2021; Celo & Dabek-Zlotorzynska, 2011). In contrast, road dust collected near highways in 
Toronto were found to be moderately to strongly contaminated with cadmium (Nazzal et al., 2013) 
and traffic related sources from the United States were found to influence cadmium levels in PM10 
collected in the Great Lakes Basin (Li et al., 2020). Preliminary passive sampling studies showed 
differences in cadmium levels across the Greater Toronto Area (Gaga et al., 2019), though further 
study is needed to better understand the potential contribution of Canadian sources compared to 
long range sources and local industrial sources as well as explore other confounding factors.   

Cadmium levels in air in Canada also appear to be affected by industrial activities in the United 
States. Attributive modelling is key for drawing conclusions about source contributions of cadmium 
in areas away from the point of release and for providing evidence to advance work under binational 
agreements, not only for cadmium, but a number of other substances. The closure of two monitoring 
stations in the Great Lakes Basin will impact the ability of this type of modelling to be replicated in 
the future.  

Ambient air quality guidelines have not been exceeded at any of the locations monitored by 
Environment and Climate Change Canada programs. This indicates that progress has been made to 
achieve the environmental objective. However, these air quality guidelines are primarily aimed at 
protecting human health and may have not taken into account risks to wildlife or the effects of 
atmospheric deposition to cadmium levels in sediment and water.  

High-quality long-term monitoring data is available for core locations in Canada, despite some gaps 
in spatial and temporal coverage. However, air quality monitoring locations for metals have been 
reduced over time. Little information is available for the Prairie provinces, Newfoundland and 
Labrador, Prince Edward Island, and the North.  

Cadmium levels in air have generally decreased over time with most monitoring station locations 
showing significant downward trends, although some have remained stable in recent years. 
Cadmium levels observed are similar to those of other developed countries.  

It is recommended that: 

• ambient air monitoring continues to support future performance measurement evaluations 
and ensure that a full range of particle sizes be collected and included in analyses where 
practicable;   
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• consideration be given to expanding existing ambient air monitoring coverage for metals 
analysed using ICPMS to fill spatial gaps and to areas near point sources of pollution, 
including through cooperation with provinces and territories, as appropriate, subject to 
available resources; 

• atmospheric modelling and source attribution analyses for cadmium and other metals 
continue and gaps in data key to modelling activities should be filled; 

• further investigation of sources of cadmium in ambient air is considered to determine 
whether stable concentrations in some locations are due to local sources of release or due 
to natural or international sources;  

• existing ambient air quality guidelines for cadmium should be reviewed to determine their 
adequacy for protection of aquatic environments through atmospheric deposition and 
consider development of updated or new environmental quality guidelines, as needed. 

3.2 Aquatic environment 

The federal Government operates monitoring networks in water bodies across Canada in 
coordination with provincial, territorial and international partners in the United States. Within the 
mandate to monitor the quality of transboundary waters, Environment and Climate Change Canada 
measures the levels of anthropogenic and naturally occurring contaminants that enter the 
environment and may cause harm. Due to the varied nature and complex characteristics of the 
contaminants being monitored, Environment and Climate Change Canada’s networks monitor 
chemicals dissolved or attached to suspended particles in water, those that settle out as sediments, 
and also those that tend to accumulate in the plants and animals living in lakes and rivers. Some 
compounds, like metals, have been measured since the beginning of the monitoring networks, 
others have been added for specific priorities, such as Canada’s Chemicals Management Plan. 

3.2.1 Understanding the natural presence of cadmium in the environment and impact 
of aquatic conditions on toxicity 

As a naturally occurring element, regional and local geology play a large role in patterns of cadmium 
occurrence across Canada. Natural occurrences need to be considered when interpreting 
environmental concentrations to determine if the levels observed in environmental monitoring 
programs are similar to expected background concentrations and if the observed levels are posing a 
risk to the environment. While a complete geological summary of Canada would be out of scope for 
this report, links between regional geology and occurrence of cadmium using the Great Lakes and 
St. Lawrence River Basin can be shown as an example. In this watershed, bedrock has an important 
influence on the baseline concentrations of metals found in the sediments. The bedrock in Lakes 
Superior and Huron and the northern watershed of the St. Lawrence River are part of the Canadian 
Shield. These rocks are low in calcium, resulting in lower hardness and greater acidity in the overlying 
waters (Figure 18). This also means that metals are leached from the bedrock more easily in these 
waters and are more often found in the sediment. The bedrock in Lake Erie, Lake Ontario, and the 
southern watershed of the St. Lawrence River is made up of sedimentary rocks, which are high in 
calcium. In these watersheds, the presence of calcium results in greater hardness and lower acidity, 
which reduces the toxicity of metals in the aquatic environment.  
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Figure 18. Concentrations of Lanthanum (a) and Calcium (b) in Great Lakes Sediments. Lanthanum is a 
naturally occurring element that can be used to indicate areas where the sediment has originated from rocks 
making up the Canadian Shield. Calcium concentrations indicate sediments originate from sedimentary 
rocks and areas where cadmium toxicity may be lower. Higher lanthanum concentrations may indicate areas 
where the toxicity of cadmium is greater. Areas with high calcium concentrations may indicate areas where 
cadmium toxicity is lower. Together, these images show the need to consider regional geology in interpreting 
environmental concentrations of naturally occurring elements. 
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The differences between the upper and lower Great Lakes is an example of how the interpretation of 
environmental concentrations of naturally occurring elements such as cadmium should be made. 
With an understanding of regional geology, particularly considering the effects that geology can have 
on toxicity mitigating factors such as pH (the level of acidity) and calcium in aquatic systems. 

In water, cadmium can be present in many different forms depending on aquatic conditions such as 
pH, hardness, and presence of natural organic matter (Canadian Council of Ministers of the 
Environment, 2014). These conditions can cause cadmium to be removed from the water and 
deposited into the sediment and are one of the primary factors in determining its fate and transport 
(Lawrence et al., 1996). Hardness, a measure of positively charged ions (cations) in water (usually, 
calcium and magnesium), is considered a toxicity modifying factor for cadmium and strongly 
influences the toxicity of cadmium to aquatic organisms (Canadian Council of Ministers of the 
Environment, 2014). 

Cadmium is toxic to aquatic organisms because it blocks their ability to take up calcium, an 
essential mineral for bone growth and maintenance and muscle movement. Instead of taking in 
calcium, aquatic organisms take in cadmium (Roch & Maly, 1979). Waters with higher hardness 
reduce the toxicity of cadmium as the higher concentrations of calcium reduce the amount of 
cadmium taken up by aquatic organisms (McGeer et al., 2012; Niyogi & Wood, 2004). Other toxicity 
modifying factors such as dissolved organic carbon affect cadmium toxicity by lowering its 
bioavailability. In fish, the main cause of acute cadmium toxicity is the inhibition of calcium uptake 
and transport in the gills. Concentrations of cadmium in whole fish at a given site provide an 
indication of the amount of biologically available cadmium present in the aquatic system. Cadmium 
is readily accumulated by some aquatic organisms, such as shellfish or molluscs, and tends to 
accumulate in organs rather than in muscle or fat. Fish are important food sources to birds, 
mammals and humans, thus body burdens of cadmium are a good indicator of dietary exposure and 
potential associated negative effects.  

3.2.2 Sediment 
Cadmium enters the aquatic environment through atmospheric deposition, runoff, or industrial 
releases and accumulates in sediments by associating with particulate matter or precipitating out 
of solution. Sediments act as an important route of exposure for aquatic organisms. The 
concentration of cadmium in sediment is often measured by taking a sample of the top five 
centimeters of sediment or by using a tool to take a cross sectional sample of the underlying 
sediment in a way that preserves the layers of sediment that have accumulated over time in that 
spot. This second type of sample is called a sediment core. The rate at which sediment collects in 
one area over time can be used to estimate how long ago each layer was deposited. In some areas, 
sediment may collect very quickly, while in others it may be very slow, depending on where the 
sediment is coming from and the wave action or currents in the area.  

Several sediment sampling campaigns have taken place across Canada since the late 1960s through 
various monitoring programs, including the St. Lawrence Action Plan, Great Lakes Action Plan, and 
Chemicals Management Plan. Under the Chemicals Management Plan, sediment monitoring has 
been conducted on a regular basis since the mid-2000s on surface sediments mainly in the Great 
Lakes-St. Lawrence River basin, with limited collections from the Atlantic Provinces and British 
Columbia, between 2011 and 2014.  

Cadmium concentrations in sediment are used as an indicator to show progress in meeting the 
environmental objective. Sediment is particularly useful as an indicator, because the cores can tell 
us the background levels of cadmium from a long time ago and because cadmium pollution in the 
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air, water, and land tends to accumulate in sediments. Decreasing levels of cadmium in sediments 
will indicate that progress has been made to achieving the environmental objective.  

3.2.2.1 Sediment quality guidelines 
To protect aquatic life, the Canadian Council of Ministers of the Environment (CCME) developed 
interim sediment quality guidelines (ISQG) and reference effect levels that can be used to evaluate 
the degree to which adverse biological effects are likely to occur as a result of exposure to cadmium 
(Canadian Council of Ministers of the Environment, 1999) in sediment. The ISQG is based on 
calculating the threshold effect level (TEL) for the most sensitive aquatic organisms. Adverse effects 
are rarely observed in aquatic organisms when cadmium concentrations in sediment are below the 
threshold effect level. When cadmium concentrations in sediment are between the threshold effect 
level and the probable effect level (PEL), adverse effects are occasionally expected to occur. At 
cadmium concentrations above the probable effect level, adverse biological effects are expected to 
occur frequently.  

This report mainly uses the threshold effect level and probable effect level for analyses, but also 
sometimes refers to additional reference effect levels in order to better visualize the results (Table 
7). These additional levels were defined by a working group of the Saint Lawrence Action Plan, which 
included members from Environment and Climate Change Canada and the Ministère du 
Développement Durable, de l’Environnement et des Parcs du Québec (Environment Canada & 
Ministère du Développement Durable de l’Environnement et des Parcs du Québec, 2007). The 
benchmarks used for cadmium in freshwater sediment are as follows: 

Table 7. Benchmarks for effect levels of cadmium in freshwater sediment 

 

 

 

 

 

 

 

 

 

 

The exceedances of the sediment quality guidelines and benchmark values will be used to evaluate 
whether progress has been made to reduce the risks of cadmium to the environment. Decreasing 
rates of exceedances indicate that progress has been made.  

 

 

Rare effect level (REL): intended to monitor vulnerable sites and provide 
advance warning of potential contamination. Adverse effects rarely occur at this 
concentration  

0.33 µg/g 

Threshold effect level (TEL)/interim sediment quality guideline (ISQG): lowest 
level at which adverse effects are observed 

0.60 µg/g 

Occasional effect level (OEL): is the concentration above which adverse effects 
are anticipated in many benthic species 

1.70 µg/g 

Probable effect level (PEL): the concentration above which adverse biological 
effects are frequently observed 

3.50 µg/g 

Frequent effect level (FEL): the concentration above which adverse effects are 
anticipated for the majority of benthic species        

12.0 µg/g 
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3.2.2.2 Cadmium concentrations in Canada and comparisons to sediment quality guidelines 
From the sampling programs mentioned previously, it is possible to see spatial differences in 
cadmium concentrations across the Pacific, Great Lakes, St. Lawrence and Atlantic regions (Figure 
19). 

 

Figure 19. Distribution of Cadmium Concentrations in Sediments in the Canadian Environment 2008-2018.  

 

Pacific sector 
In the Pacific region, surficial sediment samples and a sediment core were collected at six locations 
in southern British Columbia between 2011 and 2014 ( 

Figure 20). Four of the six locations had cadmium levels below the interim sediment quality 
guidelines. Cadmium concentrations at Frederick Lake and Still Creek exceeded the threshold effect 
level and some samples reached the occasional effect level. For Still Creek, the high concentrations 
are likely attributable to industries located nearby in the Vancouver Industrial Park. The sediment 
core taken at Still Creek shows a gradual increase in cadmium concentration since the 1960s, 
suggesting that there are current active source(s) of cadmium in the area.  
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Figure 20. Cadmium concentrations in sediments collected between 2011 and 2014 in Southern British 
Columbia (Colours of points are based on CCME quality criteria for cadmium). 

 

Great Lakes Region 
Lake Superior, St. Mary’s River, Lake Huron and Georgian Bay 

Median cadmium concentrations remained the same in Lake Superior, St. Mary’s River and Lake 
Huron between the 1968-1973 sampling period and the 2010-2018 sampling period. However, the 
average concentrations declined by 32% in Lake Superior, and 38% in Lake Huron. Maximum 
concentrations were much higher in the 1968-1973 sampling period (10.0 µg/g for Lake Superior and 
49.0 µg/g for Lake Huron) than in the 2010-2018 period (1.9 µg/g for Lake Superior and 4.4 µg/g for 
Lake Huron).  

In Georgian Bay, the maximum observed concentration increased from 9.0 to 17.6 µg/g and the 
average cadmium concentration increased by almost 20%, from 1.49 µg/g in 1973 to 1.74 µg/g in 
2017. This increase was also observed in the median values which increased from 1.0 µg/g to 1.2 
µg/g. 

Despite the overall decrease in average lake-wide concentrations between the time periods, for Lake 
Superior and Lake Huron, the percentage of samples with concentrations above the threshold effect 
level remained well above 50%. The percentages of samples over the threshold effect level for Lake 
Superior, Lake Huron and Georgian Bay were 81%, 78% and 86% respectively in 1969-73 and 71%, 
59% and 85% in 2016-17. For St. Mary’s River 24% of samples exceeded the threshold effect level in 
2017.  
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Sediment cores taken from Lakes Superior and Huron show similar trends in cadmium 
concentrations over time, since before the pre-industrial period (Figure 21). The trends observed in 
the sediment cores show that pollution control efforts put in place over the last few decades have 
been effective, but that there are still active sources of inputs that prevent the sediment from 
returning to pre-industrial levels of cadmium.  

Analysis of sediment at stream mouths north of Lake Superior, Lake Huron and Georgian Bay in 2004 
and 2005 provides an overview of cadmium concentrations transported to the Great Lakes from the 
areas upstream of the lakes (Burniston et al., 2006; Burniston & Kraft, 2008). For Lake Superior, the 
cadmium concentrations at stream mouths were very low and mostly below detection limits, 
meaning that there are few local sources of cadmium input to Lake Superior. For Lake Huron, and 
especially Georgian Bay, cadmium concentrations at stream mouths were detectable 25% of the 
time, indicating that there may be local sources of input along the north shore of Georgian Bay.  

These observations suggest that natural sources may account for between 0.5 µg/g and 0.8 µg/g of 
cadmium found in a sediment sample taken from Lake Superior, St. Mary’s River, Lake Huron and 
Georgian Bay. The remainder of cadmium found in any given sample may be due to atmospheric 
transport and local industrial sources still active mainly in the Georgian Bay area. These inputs could 
represent about 0.2 µg/g to 0.5 µg/g of cadmium in a sample for Lake Superior and Lake Huron and 
between 0.5 and 1.0 µg/g for Georgian Bay.  

Sediment accumulates at the bottoms of Lake Superior and Lake Huron very slowly (Burniston,  
unpublished). Samples taken 1 cm deep in sediment represent 25 years of history in Lake Superior, 
making it challenging to estimate the current conditions and level of recovery in the ecosystem. 
Discharges from local industrial sources also contribute to cadmium concentrations in this region, 
but these are less significant than natural and atmospheric inputs (Kemp et al., 1978). Declines in 
the average and maximum concentrations of cadmium observed in the sediment indicates that there 
is a gradual improvement in sediment quality that appears to be related to the decline in metal 
production and use over the last 40 to 50 years in Canada (Belzile et al., 2004). Declines in the 
percentage of samples exceeding the threshold effect level also show progress in reducing 
environmental risks from cadmium in these areas; however, rates of exceedance are still high and 
have increased in some areas.  



57 
 

 

Figure 21. Cadmium concentrations measured in sediment cores collected from Lake Superior and Lake 
Huron between 2007 and 2018 (Aliff et al., 2020; Burniston, unpublished; Reavie et al., 2005, 2017)  

 



58 
 

 

 Figure 22. Cadmium concentrations in Great Lakes sediments for 1968-1973 sampling campaigns (a) and (b) 
for 2014-2018 sampling campaigns 
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Lake Erie, St. Clair River, Lake St. Clair and Detroit River 

Average and median cadmium concentrations in Lake Erie decreased by approximately 50% 
between 1971 and 2014 (Figure 22). Western Lake Erie has higher levels than eastern Lake Erie ( 
Figure 22). In 1971, the highest concentration was at the mouth of the Detroit River with 11.0 µg/g 
(Kemp & Thomas, 1976). In 2014, two samples (out of 10), collected near the city of Detroit, exceeded 
the probable effect level in the Detroit River at 4.4 µg/g and 9.5 µg/g. 

Eastern Lake Erie appears to be much less affected by cadmium contamination. This could be due 
to the settling of suspended particles in the center of the lake before reaching the eastern portion of 
the lake. Current surface concentrations of cadmium are about 0.7 µg/g in the eastern portion and 
between 1.4 µg/g and 1.7 µg/g in the western and central portions, respectively. The number of 
samples exceeding the threshold effect level for the lake as a whole was 77% in 2014, nearly 20% 
fewer than in 1971. Only 2% of samples (1/44 samples) exceeded the probable effect level in 2014 
compared to over 20% of the samples (52/259 samples) collected in 1971. 

Scientists have attempted to estimate pre-industrial values for cadmium in sediments for all of Lake 
Erie. Reports indicate that the pre-industrial levels may vary between 0.1 µg/g and 1.7 µg/g (Kemp et 
al., 1976; Mudroch et al., 1988; Yuan, 2017) with an average concentration between 0.14 µg/g 
(Förstner, 1976) and 1.12 µg/g (Kemp & Thomas, 1976). However, given the wide variation in the 
reports of these scientists and others, it is likely that the pre-industrial level of cadmium in Lake Erie 
varies depending on the location of the sampling. Therefore, it is impossible to determine a 
representative background value for the whole basin with the data currently available.  

Atmospheric input may be responsible for up to 70% of the cadmium concentration in sediments for 
Lakes Ontario and Erie (Coale & Flegal, 1989; Nriagu, 1986); though, this may be overestimated (Gatz 
et al., 1989). Atmospheric input appears to have increased rapidly until the 1950s (Coale & Flegal, 
1989; Nriagu, 1986; Yuan et al., 2014), likely due to fossil fuel use thought to be responsible for most 
of the cadmium levels in the lake up until the 1950s (Förstner, 1976). 

The overall results for Lake Erie show a clear decrease in cadmium concentrations for the lake as a 
whole over the last 40 years ( 

Figure 23). Cadmium concentrations have decreased by approximately 50%, although many of the 
surface sediments (70%) are still above the threshold effect level for aquatic wildlife protection. 
Cleveland Bay is still strongly affected by cadmium contamination. 
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Figure 23. Cadmium concentrations measured in sediment cores collected from Lake Erie between 2007 
and 2018 (Aliff et al., 2020; Burniston, unpublished; Reavie et al., 2017).  

Lake Ontario 

The average cadmium concentration observed in 2018 is 2.50 µg/g (median=2.0 µg/g) and is similar 
to the average of 2.54 µg/g (median=2.6 µg/g) reported in 1968 (Kemp & Thomas, 1976) ( Figure 22). 
In 2018, all samples (100%) had concentrations above the threshold effect level while in 1968 and 
1998 the exceedances were 95% and 76% respectively. However, the maximum concentration is 
significantly lower in 2018 with 4.4 µg/g compared to 1968 with 21.0 µg/g and in 1998 with 5.8 µg/g.  

Of the Great Lakes, Lake Ontario is located the furthest downstream, and receives inputs from all of 
the upstream Great Lakes as well as its own drainage basin. In 2002, 69% of the sediments in 218 
rivers and streams that flow into Lake Ontario had concentrations above the threshold effect level 
and 3 samples (1.4%) had concentrations above the probable effect level. The overall average of 
these sediments was 0.94 µg/g (Dove et al., 2003, 2004). 

A large amount of cadmium in Lake Ontario comes from the Niagara River, which was heavily 
industrialized during the last World War. The Oswego and Genesee Rivers and the urbanized Toronto 
- Kingston corridor are also sources of cadmium to the lake (Aliff et al., 2020; Thomas, 1983). 
According to Nriagu (1986), atmospheric deposition is responsible for 60% of the cadmium input in 
Lake Ontario. (Aliff et al., 2020; Thomas, 1983) 

Sediment cores show an overall increase in cadmium levels from the 1930s and then declines 
between 1970-1999 (Figure 24). It appears that the tributaries, especially the Niagara River and 
surrounding industrialized and urbanized areas, carry cadmium to Lake Ontario at levels that are 
above the threshold effect level. Surface concentrations are almost identical to those in 1968 and 
these concentrations remain higher than pre-industrial concentrations. This suggests that there are 
still some active sources of cadmium pollution, especially since concentrations seem to be 
increasing since the early 2000s.  



61 
 

 

 

Figure 24. Cadmium concentrations measured in sediment cores collected from Lake Ontario between 2007 
and 2018   

The St. Lawrence River 

Less than 3% of the suspended particulate matter carried by the river waters originates from Lake 
Ontario, (Rondeau et al., 2000), suggesting that cadmium contamination in river sediments comes 
from local sources and has little connection to the Great Lakes. The river has been separated into 
several sectors in order to better illustrate the data. 

Upper St. Lawrence River 

The Upper St. Lawrence River sector includes the territory between Cornwall and Montreal and the 
Lake des Deux-Montagnes formed where the Ottawa and St. Lawrence River meet (Figure 25). It 
should be noted that the northern portion of Lake Saint-Louis receives turbid water from the Ottawa 
River, which partially drains through the rocks of the Canadian Shield that contain higher levels of 
cadmium. Average cadmium concentrations in surface sediments were 0.39 µg/g in Lake Saint-
François, 0.62 µg/g in Lake Saint-Louis and 0.37 µg/g in Lake des Deux-Montagnes, respectively, 
between 2008 and 2018. The percentage of samples exceeding the threshold effect level were 29% 
in Lake Saint-François, 54% in Lake Saint-Louis and 9% in Lake des Deux-Montagnes. One percent 
of samples (1/85 samples) from Lake St. Louis exceeded the probable effect level. 

The highest cadmium level in the upper St. Lawrence was observed in Lake Saint-Louis near the 
Beauharnois industrial zone. Additional sampling for monitoring purposes near this zone showed 
concentrations of 9.2 µg/g and 25.8 µg/g cadmium in surface sediments. This area is known to have 
been the site of a smelter that operated between 1940 and 1990 (Pelletier, 2009, 2019). Average 
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sediment cadmium concentration declined in Lake Saint-Louis by an estimated12 71% and the 
median declined by 45% between 1985 and 2015 (Pelletier 2009 and 2019).  

Average cadmium levels in Lake Saint-François showed a 28% decrease between 1989 and 2018 and 
40% decrease in the median concentration (Pelletier, 2010, 2020). The lake had not been 
contaminated at a high level in the past as the maximum values measured did not exceed 2.0 µg/g.  

For the upper St. Lawrence River, Lake Saint-Louis was the lake most affected by cadmium 
contamination in the middle of the last century. Cadmium levels measured in the upper St. Lawrence 
appear to correspond to residual ambient levels from a heavy industrial past (Environment Canada 
& Ministère du Développement Durable de l’Environnement et des Parcs du Québec, 2007).The high 
concentrations are related to local industries, most of which have closed down or made major 
changes in their industrial processes. Current average concentrations are below or close to the 
threshold effect level. 

Figure 25. Cadmium concentration in sediments and sediment cores from the Upper St. Lawrence River for 
the 2008 to 2018 sampling campaigns. 

 

 
12 The 1985 Cd concentrations must be considered as Cd Total, and may be slightly higher than what a total 
recoverable Cd (Cd-TR) analysis would provide. The rate of decline may therefore be overestimated. 
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Fluvial Corridor 

The Fluvial Corridor is the sector of the river between the mouth of Lake Saint-Louis and the entrance 
to Lake Saint-Pierre (Figure 26). The mean and median cadmium concentration in the Petit Bassin de 
La Prairie were 0.89 µg/g and 0.8 µg/g in 2014, representing a decrease of 67% (mean) and 28% 
(median) since 1987. This decrease is very similar to that observed in Lake Saint-Louis from which it 
receives its water. All except two samples had concentrations above the threshold effect level and 
the maximum concentration was 1.6 µg/g. Using the results of sampling for other contaminants, it 
appears that this sector is mostly impacted by urban discharges which have currently not been 
identified.  

The picture is different for the rest of the Fluvial Corridor. It shows that concentrations are generally 
below the threshold effect level, except for the Contrecoeur sector, which is home to several 
industries, including an aluminum smelter.  

 

 

Figure 26. Cadmium concentration in the sediments of the Fluvial Corridor for the sampling campaigns from 
2008 to 2014.  
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Lake Saint-Pierre 

Lake Saint-Pierre is the last lake before the St. Lawrence estuary. It has a shallow depth of water on 
each side of the navigation channel located in its center. Cadmium levels in sediments of this lake 
have never been an environmental issue. Still, average and median cadmium levels were lower in 
2013 (0.18 µg/g and 0.1 µg/g) compared to 1986 (0.56 µg/g and <1 µg/g) (Figure 27). However, 
upstream of the lake, 6% of the samples exceeded the threshold effect level. 

 

 

Figure 27. Cadmium concentration in Lake Saint-Pierre sediments and sediment cores for the 2013-2014 
sampling campaigns. 

Estuary 

There are very few areas of sedimentation except along shores sheltered from the current or in harbor 
enclosures such as the Harbor of Trois-Rivières and the Harbor of Quebec City. The estuary is subject 
to tidal effects, and the currents are relatively strong along its entire length.  

The average concentration has remained almost identical over the last 30 years at 0.2 µg/g (median 
0.1 µg/g), with the exception of contamination related to the transport and shipping of merchandise 
in the Trois-Rivières and Quebec City harbours, where cadmium levels in the estuary are low. In the 
Upper Estuary and the Saguenay Fjord, the overall average and median values were <0.1 µg/g 
(Lebeuf, 2009), below pre-industrial values of 0.2 µg/g (Gobeil et al., 1987). 
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The highest cadmium levels measured in 2016 in the harbour of Trois-Rivières were similar to those 
obtained in 1989 (G.D.G.Environnement Ltée, 1990) and did not exceed 1.3 µg/g. However, the 
threshold effect level was exceeded in 12% of samples (6/52 samples).  

In 1989, the Quebec City area showed very high cadmium contamination in surface sediments, up 
to 37 µg/g, with an average for the whole area of 2.29 µg/g (median 1.4 µg/g), and more than 98% 
exceeding the threshold effect level and 16% exceeding the probable effect level (Procéan Inc, 
1990). By 2012, the situation had greatly improved, with a 78% decrease in surface sediment 
concentrations for the whole sector (Pelletier & Blais, 2018). The maximum concentration was 2.60 
µg/g with an overall average of 0.51 µg/g (median 0.3 µg/g). The highest concentrations were found 
within the harbour of Quebec, with more than 90% of the samples having values above the threshold 
effect level. These concentrations are probably related to the shipment of ores and their 
transportation. 

Atlantic Region 

Surface sediment samples and a sediment core were collected in the Atlantic region between 2011 
and 2014. The overall mean concentration for the region was 0.93 µg/g (median 0.2 µg/g) and is 
strongly influenced by a maximum concentration of 9.6 µg/g measured at Grand Lake station in New 
Brunswick. Removing this value from the calculation reduces the average to 0.39 µg/g for the Atlantic 
region, which is below the threshold effect level. The elevated cadmium levels were measured at 
Grand Lake station, located on the Salmon River near Chipman ( 

Figure 28). This area has been the site of a coal mine for more than 350 years, which has ceased 
operations. Considering that coal-related tailings may contain cadmium and several other metals, 
the high concentration measured in this sector is possibly related to this operation. Contamination 
appears to be localized, as downstream of Grand Lake, cadmium levels were between 0.3 µg/g and 
1.0 µg/g (Lalonde et al., 2011). The sediment core for the Saint John River shows that cadmium levels 
have remained relatively the same since the 1950s.  

The other samples containing cadmium levels exceeding the threshold effect level are located at 
Lake Banook, NS with 1.6 µg/g in 2012 and 2.1 µg/g in 2014. Lake Banook is located in the heart of 
the City of Dartmouth and does not receive industrial discharges or sewage. It is a major aquatic 
recreation site hosting several annual regional, national and international paddling competitions. 
Despite significant urbanization in the last part of the 20th century, the water of this lake is relatively 
clean. However, it sometimes has algae blooms in the summer and the hills surrounding the lake 
regularly overflow with rainwater (C. Garron & B. Lalonde, personal communication, n.d.). The 
presence of high cadmium levels in this lake is difficult to explain.   

Cadmium levels were also reported for Atlantic Canada in the literature. Cadmium levels above the 
probable effect level and threshold effects level were found at small craft harbours throughout Nova 
Scotia (Zhang et al., 2019). Fifteen harbours were found to be moderately contaminated with 
cadmium and three severely contaminated with cadmium out of 31 studied.  
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Figure 28. Cadmium concentration in sediment and sediment core from the Atlantic region collected 
between 2011 and 2014.  

 

3.2.3 Surface water 
Cadmium enters rivers, lakes, and streams by direct releases from industrial facilities and municipal 
wastewater and also indirectly through atmospheric deposition. Since cadmium is very easily 
dissolved in water, it is important to measure and track the levels of cadmium in the water to see 
whether the government’s efforts to reduce cadmium pollution have been effective and whether 
risks to aquatic life are still present and if they have been reduced. Decreasing cadmium levels 
indicate progress in achieving the environmental objective. 

Environment and Climate Change Canada has conducted metals monitoring in surface waters 
across Canada since 1986. The Canada Water Act requires that the Government of Canada, in 
coordination with the provinces, conduct water quality monitoring to determine the status and 
trends in water quality in the country. Core water quality parameters monitored under the program 
include temperature, acidity, hardness, salinity, turbidity, nutrients and metals. Cadmium has been 
monitored in surface waters from the onset of the program. 

The monitoring of surface water quality in Canada can be broken down into three distinct categories 
by physical environmental differences and program priorities (Figure 29): 



67 
 

1) Inland rivers and streams: the 220 sites in this long-term network include various land 
uses and a range of types and degrees of stress on water quality. They vary in size and include 
transboundary waters, non-impacted reference locations, urban sites and sites considered 
to be at high risk of water quality impairment. These sites are monitored across the country 
to report on national water quality and also inform Canadian Environmental Sustainability 
Indicators (CESI) such as the Water Quality index (WQI).   

2) Connecting channels of the Great Lakes: in a sense large rivers, the channels connecting 
the Great Lakes are characterized by very large flows (>3,500 m3/s) and are strongly 
influenced by the water quality of the lake upstream. The connecting channels are also key 
transport corridors for goods and materials between the Great Lakes and their shorelines are 
heavily industrialized, particularly the Niagara and Detroit Rivers. The monitoring programs 
in the connecting channels were established with the intent to compare levels of 
contaminants leaving one lake and entering the next (that is upstream-downstream) to 
characterize and account for toxic chemicals entering the Great Lakes from these industrial 
areas.   

3) Open waters of the Great Lakes: due to their large size and depths, monitoring off-shore 
water quality in the Great Lakes is more similar to oceanography. Generally, water quality is 
monitored from a large research vessel in two of the Canadian Great Lakes each year in the 
spring and fall. As binational waterways, the monitoring activities in the Great Lakes and 
connecting channels are coordinated with the United States through the Great Lakes Water 
Quality Agreement (GLWQA). 

In addition to long-term sites, there are many hundreds of sites that have been monitored for metals 
for shorter periods of time, some of which are affiliated with point source releases of metals such as 
mining operations, power generation facilities, smelters and other industrial sources. These shorter-
term data records were not included in this analysis as point source or point in time data do not 
necessarily reflect the condition in Canada now, especially as industries close or are redesigned and 
short-term datasets are not sufficient to perform temporal trend analyses. 

Due to changes and improvements in analytical methods for metals, the detection limit for cadmium 
in surface waters has decreased significantly over time. Major analytical changes occurred in 2003 
that vastly improved the detection limits for cadmium, reducing them from 0.1 - 1 to 0.001 µg/L. Most 
measurements from samples prior to 2004 were not included in the analysis for this section as 
detection limits were 0.1 µg/L or greater and are not comparable with samples analysed using the 
newer analytical method. 
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Figure 29. Long-term water quality monitoring sites. 

 

3.2.3.1 Environmental quality guidelines for the protection of aquatic life 
The Canadian Council of Ministers of the Environment developed a Canadian Water Quality 
Guideline for the protection of aquatic life in freshwater. The guideline for surface waters is 
dependent on hardness, which is a toxicity modifying factor for cadmium (Canadian Council of 
Ministers of the Environment, 2014). For long term exposure, at hardness values below 17 mg 
CaCO3/L, the guideline is 0.04 µg/L, and when hardness is above 280 mg CaCO3/L, it is 0.37 µg/L. 
When hardness is between 17 and 280 mg CaCO3/L, the guideline value is calculated using the 
following equation:  

Guideline (µg/L) = 10{0.83(log[hardness]) – 2.46}  
 

Long term exposure guidelines identify benchmarks in the aquatic ecosystem that are intended to 
protect all forms of aquatic life for indefinite exposure periods. Short-term exposure benchmarks are 
developed using severe-effects data, such as lethality, for defined periods of time (24-96 hours). 
These benchmarks do not indicate levels protective of the aquatic environment, rather they provide 
guidance on the impacts of severe, but temporary situations (for example spills, or infrequent 
releases).  
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For short term exposure, at hardness values below 5.3 mg CaCO3/L, the short-term benchmark is 
0.11 µg/L, and when hardness is above 360 mg CaCO3/L, it is 7.7 µg/L. When hardness is between 
5.3 and 360 mg CaCO3/L, the short-term benchmark value is calculated using the following equation:  
 

Benchmark (µg/L) = 10{1.016(log[hardness]) –1.71} 

Comparing cadmium levels in water to these guideline values is an indicator of environmental risks. 
If levels are above the guidelines, then there may be risks for aquatic life. If levels are below the 
guidelines, then risks have likely been successfully managed. Progress toward achieving the 
environmental objective will be indicated by the percentage of samples above environmental quality 
guidelines. Declines in the number of samples over the guidelines will show that risk management 
efforts have made progress in reducing the environmental risks of cadmium. 

3.2.3.2 Spatial distribution and trend of cadmium concentrations in Canadian surface water and 
comparisons to water quality guidelines 

Cadmium concentrations in surface waters are summarized by drainage areas. Drainage areas are 
boundaries in which all of the water from different sources runs into one water body, usually a large 
lake or ocean. Canada has five major drainage basins named after the body of water that they drain 
into: Atlantic Ocean, Hudson Bay, Gulf of Mexico, Pacific Ocean, and Arctic Ocean. Total 
concentrations measured in surface waters across Canada from 2004 to 2019 range from <0.001 to 
2.69 µg/L. Median concentrations across the different areas ranged from 0.009 µg/L in the Pacific 
Ocean drainage to 0.032 µg/L in the Arctic Ocean drainage. These large drainage areas are made up 
of smaller areas called drainage regions. The highest median values for drainage regions are in the 
Assiniboine-Red drainage region (0.05 µg/L) and northern drainage regions such as the Lower 
Mackenzie (0.037 µg/L) and Peace-Athabasca (0.03 µg/L). In general, cadmium levels are lower in 
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the Pacific and Atlantic Ocean drainage areas, possibly owing to geology (

 
 
Figure 30 and Figure 31).  
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Figure 30. Median cadmium concentrations (µg/L) for each drainage region in Canada. There are no data 
available for the Northern Ontario and Northern Quebec drainage regions. 
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Figure 31. Boxplot of cadmium concentrations (µg/L) by ocean drainage regions. In each box, the central line 
represents the median value while the upper and lower edges of the box represent the 75th and 25th 
percentiles respectively. Lines extending from the boxes show the extent of values up to 1.5 times the 
interquartile range (range from the 25th to 75th percentiles) above and below the box. Dots show values that 
lie outside the range of the whiskers, commonly referred to as outliers. 

 

Classifications from the Canadian Environmental Sustainability Indicators (CESI) program were 
used to group sites by land-use type. The CESI program classifies its core long-term monitoring sites 
according to the dominant land-use(s) within a site’s drainage area, which broadly captures the 
types of environmental pressures that a site may be experiencing. Classifications include 
remote/least impacted sites and land-uses such as agriculture, forestry, mining, oil sands, 
populated areas, as well as different combinations of these categories. These classifications were 
last updated in 2019 and the criteria for classification can be found in the 2020 CESI Water Quality 
in Canadian Rivers report (Environment and Climate Change Canada, 2020a).  
 
Sites classified as mainly influenced by agricultural activities showed the highest median cadmium 
concentration (0.031 µg/L), while medians for populated and mixed forestry/mining sites fell in the 
middle (0.010 – 0.011 µg/L), and reference sites had the lowest median concentration (0.005 µg/L) ( 
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Figure 32). The higher values at agricultural sites may be due to where the sites were located, rather 
than land use alone. Apart from sites located in PEI, all agriculture sites were found in Manitoba, 
Saskatchewan, and Alberta (within the Hudson Bay drainage area). As seen in above, the Hudson 
Bay drainage area has higher cadmium levels compared to other ocean drainage areas. Reference 
sites in the Hudson Bay drainage area and Arctic have statistically higher levels of cadmium than any 
other region in Canada. Despite the very intensive agricultural land use in PEI, there were quite low 
cadmium concentrations in surface waters, supporting the need to consider background 
characteristics in the interpretations of these data. 
 
The frequency of values exceeding the CCME long-term guideline values for the protection of aquatic 
life were determined for each site. Overall, most sites had fewer than 20% of their samples exceed 
the calculated guideline values and only sites in the Mixed Forestry/Mining and Reference categories 
exceeded guideline values in greater than 20% of their samples.  
  
Many of the sites with high exceedances of guidelines were found in northern Canada. Four of seven 
sites with greater than 20% exceedances were found in the Lower Mackenzie drainage region while 
the others were located in Newfoundland-Labrador, Yukon, and Pacific Coastal drainage regions. Of 
the seven sites, four were classified as Mixed Forestry/Mining based on their land-use, which may 
play a role in the elevated concentrations at these sites. 

 
Figure 32. Cadmium concentrations (µg/L) by combined CESI site classifications.  
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Interestingly, reference sites were among those with the greatest frequency of exceedances. For 
example, some reference sites within the Yukon and Lower Mackenzie drainage regions had very 
frequent exceedances of guideline values with the South McQuesten River below Flat Creek site 
showing exceedances in 84% of its samples. These results emphasize the need to consider local 
factors such as watershed geology and other potential sources when assessing guidelines and 
exceedances. 
 
In general, most sites in each category showed either decreasing trends in cadmium or no detected 
trends. A total of three sites showed increasing trends, one in each category except Mixed 
Forestry/Mining. This may be a sign that impacts within the watersheds of those sites are leading to 
increased cadmium concentrations. The greatest improvements were seen in the Mixed 
Forestry/Mining and Reference categories while Agriculture and Populated sites showed the least 
improvement. However, there were many times where this analysis could not be completed because 
cadmium concentrations in the samples collected were below detection limits.  

In addition to trend direction, the size of the trend and environmental quality guideline values were 
considered when interpreting trend results. For example, sites were highlighted if an upward trend 
could bring concentrations close to guideline values, or if a decreasing trend is likely to bring 
concentrations that often exceed guidelines below the guideline values in the near future. No sites 
with increasing trends are expected to approach guideline values in the near future based on the 
current values and calculated rate of change. Some sites with decreasing trends frequently exceed 
guideline values, where the decreasing trends may reduce the frequency of guideline exceedances. 

3.2.3.3 Trends of cadmium concentrations in water in the Great Lakes connecting channels and 
comparisons to water quality guidelines 

Environment and Climate Change Canada began water quality monitoring in the connecting 
channels of the Great Lakes with the establishment of a fixed sampling site on the Niagara River at 
Niagara-on-the-Lake in 1975. Over the next decade, additional sites were added on the St. Lawrence 
River at Wolfe Island (1976), upstream on the Niagara River at Fort Erie (1983), and at Point Edward 
and Port Lambton on the St. Clair River (1986).  

Water quality monitoring in the connecting channels is undertaken as part of Canada’s commitment 
to the Canada-United States Great Lakes Water Quality Agreement (GLWQA). More specifically, 
monitoring in the connecting channels is intended to aid in the evaluation of the effectiveness of 
pollution control programs carried out in the Great Lakes Basin and data generated from this 
sampling are used to identify exceedances of water quality guidelines, to assess current water 
quality conditions, and to evaluate trends. 
 
Similar to monitoring in the surface waters of Canadian rivers outlined above, cadmium levels 
measured in the water samples taken from the connecting channels prior to 2004 were often below 
detection limits and are not comparable with samples taken after 2004. Only water data from 2004-
2019 was analysed for this reason. However, particle phase data (measurements of cadmium in 
particles floating in water) is presented from 1978 to 2019 as the improvements in laboratory 
methods for suspended sediments did not impact comparability of the data between time periods. 
 
Between 2004 and 2019, cadmium levels in the connecting channels of the Great Lakes range 
between <0.001 µg/L and 0.31 µg/L with a median of 0.01 µg/L and an average of 0.02 µg/L. Cadmium 
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levels in particulate phase range between 0.01 µg/g and <10 µg/g with median and average values of 
0.80 and 0.92 µg/g respectively. Cadmium concentrations appear to increase from the upper 
connecting channel sites in the St. Clair River through the Niagara River and into the St. Lawrence. In 
addition, concentrations are typically higher at the downstream site, which suggests sources of 
cadmium pollution exist along the connecting channels. 
 
Federal reporting under the Niagara River Toxics Management Plan compares water quality 
measurements against criteria set out in the Great Lakes Water Quality Agreement. For cadmium, 
the criterion is 0.20 µg/L. Applying this criterion to the 2004-2019 water data from the connecting 
channels identifies two exceedances at Niagara-on-the-Lake in 2009 and 2016. Using the CCME’s 
long-term water quality guideline for the protection of aquatic life of 0.16 µg/L for waters at typical 
hardness of 100 mg CaCO3/L, one additional exceedance was found at Point Edward. Using the 
CCME guideline of 0.04 µg/L for typical hardness below 17 mg CaCO3/L identified six exceedances 
at Wolfe Island, eight at Port Lambton, 11 at Point Edward, 31 at Fort Erie, and 53 at Niagara-on-the-
Lake. 
 
Comparing the particulate phase data against sediment guidelines noted in section 3.2.2.1, shows 
exceedances of the threshold effect level (0.6 µg/g) 52 times at Point Edward (24% of the 214 
samples between 2005 and 2019), 61 times at Port Lambton (28% of the 219 samples between 2005 
and 2019), 238 times at Wolfe Island (91% of the samples between 1988 and 2019), 770 times at Fort 
Erie (79% of the samples between 1983 and 2019), and 943 times at Niagara-on-the-Lake (81% of 
the samples between 1978 and 2019). Application of the sediment guidelines’ occasional effect 
level (1.70 µg/g) reduces these numbers to 47 exceedances at Fort Erie (5% of all samples), 55 
exceedances at Wolfe Island (21% of all samples), and 82 exceedances at Niagara-on-the-Lake (7% 
of all samples), while application of the guidelines’ probable effect level (3.5 µg/g) identifies 6 
exceedances at each of Niagara-on-the-Lake and Wolfe Island but none at the other 3 locations. 
 
With the exception of water at Niagara-on-the-Lake, the assessment of long-term data indicates 
downward trends in cadmium concentrations for monitoring sites in all Great Lakes connecting 
channels. Between 2004 and 2019, cadmium levels in water appear to be declining by approximately 
8% per year at Point Edward, 5% per year at both Port Lambton and Fort Erie, and 9% at Wolfe Island. 
A decline of approximately 1.5% per year is also observed in water concentrations at Niagara-on-
the-Lake; however, this may not be a significant trend (adjusted p value= .096). Downward trends 
appear to be present in both the historical and more recent records for particulate phase cadmium 
concentrations. Particulate phase concentrations declined by approximately 4% per year in the St. 
Clair River between 2005 and 2019 and at Wolfe Island between 1987 and 2019, while Niagara River 
concentrations fell by 1.3% per year at Fort Erie (1983-2019) and 1.9% per year at Niagara-on-the 
Lake (1978-2019). More recently, 2004-2019 particulate phase concentrations show a similar 3-5% 
per year decrease at all five of the connecting channels monitoring sites. 
 
3.2.3.4 Spatial and temporal trends of cadmium concentrations in water in the Great Lakes and 

comparisons to water quality guidelines 
 
The previous sections have considered “lotic” (flowing water) systems, such as tributaries and 
connecting channels that are monitored in transboundary watersheds. In “lentic” (still water) 
environments, such as lakes, concentrations of many contaminants tend to be lower because 
sediments settle to the bottom near the mouths of the rivers and are less likely to float downstream 
in lake environments with slower moving waters. However, even trace levels of contaminants in lake 
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waters can have significant impacts to aquatic health due to cycling in the environment and due to 
the processes of bioaccumulation and biomagnification.  

Cadmium is included among a suite of total metals that is monitored as part of the Great Lakes 
Surveillance Program (GLSP), which is Environment and Climate Change Canada’s ship-based, 
long-term water quality monitoring program on the Great Lakes. Spatial patterns in water quality can 
be determined using the network of the GLSP. Samples are taken from both nearshore and offshore 
environments, in both Canadian and US waters with the exception of the 2019 campaign in Lake 
Superior in which only Canadian waters were sampled. Using offshore stations alone, temporal 
trends can be detected that may not be evident in tributaries and nearshore waters.  

The spatial distribution of cadmium in Great Lakes waters, using the most recent data from GLSP 
surveys (2015-2019), (Figure 33) indicates that concentrations are highest in Lake Erie, followed by 
Lake Superior, Lake Ontario, and lowest in Georgian Bay and Lake Huron. The highest concentrations 
are observed in the western basin of Lake Erie. Within Lake Erie, concentrations are lower in the 
eastern basin, intermediate in the central basin, and highest in the west. Evidence from nearshore 
sampling by the Ontario Ministry of the Environment and Parks (Benoit, Unpublished), confirms 
these spatial patterns.  

The distribution of cadmium in Great Lakes waters is mainly related to the geological conditions 
across the lakes, with some additional cadmium input from both long-range atmospheric sources 
and local sources. Abnormally high values are likely related to contributions from anthropogenic 
sources. The most recent data indicate concentrations are higher in Lake Superior (Figure 33), where 
the Canadian Shield underlying the northern lakes contributes higher cadmium concentrations, 
compared to Lake Ontario where sedimentary materials form more of the basin’s geology. This was 
not always the case; during the initial (2003 and 2005) surveys, values were greater in Lake Ontario 
compared to Lake Superior, and this is likely due to historically higher anthropogenic contributions 
to Lake Ontario. Concentrations of cadmium in water are declining throughout the Great Lakes, and 
the rate of decline has been highest in Lake Ontario. 
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 Figure 33. Recent (2015-2019) spatial distribution of Cadmium in Great Lakes Surface Waters 

 

The Great Lakes datasets demonstrate no CCME water quality guideline exceedances for cadmium 
at any of the monitored locations. It should be noted that concentrations in the western basin of Lake 
Erie (range 0.013-0.103 ug/L) reach up to 65% of the long-term guideline (0.16 µg/L for typical 
hardness of 100 mg CaCO3/L). Because these monitoring locations are not located in close proximity 
to discharges, higher concentrations in nearshore waters may be expected and there may be water 
quality guideline exceedances closer to shore or to potential sources.  

There is strong evidence of declines for the time period 2003-2019 in all of the Great Lakes with the 
exception of the central and western basins of Lake Erie. The declines have likely occurred due to 
reduced releases of industrial and other sources of cadmium to the environment. In Lake Erie, 
however, concentrations are higher and more variable due to the historic prevalence of potential 
sources in the Detroit River area.  
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The evidence provided here, using the most recent and highest quality laboratory data, indicates that 
levels of cadmium in Great Lakes waters have been reduced since the early 2000s and continue to 
decline in all of the lakes with the exception of the western and central basins of Lake Erie. Any 
ongoing contributions (for example, from contaminated sediment in the Detroit River and/or sources 
within US or Canadian watersheds) may be contributing to the higher variability in cadmium 
concentrations and lack of trends in the western and central basins of Lake Erie. 

3.2.4 Fish 
Fish accumulate cadmium directly from the water column or through their diet. Bioaccumulation is 
the gradual accumulation of a substance in an organism. Cadmium concentrations in fish are often 
higher than in their ambient environment, as cadmium bioaccumulates in aquatic organisms 
(Pelgrom et al. 1995). Water is generally the most important route of uptake, followed by diet; 
however, this may vary depending on the source of cadmium in the ecosystem.  
 
Top predator fish, primarily lake trout (Salvelinus namaycush), and walleye (Sander vitreus) are 
typically used as indicators of aquatic conditions. Top predator fish are ideal bio-indicators of 
aquatic contaminants as they feed high on the food web and are long lived. This results in the 
accumulation of elevated concentrations of some contaminants relative to the environment and the 
lower food web through bio-concentration. In addition to being long-lived, they have high fat content, 
and have large home ranges making them excellent spatial and temporal integrators of 
contamination. Both lake trout and walleye occur throughout much of Canada, allowing for 
comparison of contaminant concentrations nationally. At locations where lake trout or walleye are 
not present, alternative top predator fish are collected. Depending on the geographic location and 
habitat, these may include chain pickerel, northern pike, rainbow or cutthroat trout.  
 
Prey fish and other food web components are also collected at monitoring sites when possible. Food 
web collections include prey fish consumed directly by the predator fish such as perch, smelt, and 
sculpins and organisms lower in the food web such as invertebrates, mysids and phytoplankton. This 
allows for a comparison of contaminant burdens at different levels of the food web, to estimate the 
potential for biomagnification and relate changes in contaminants in predator fish to the food web. 
Some contaminants become more concentrated (biomagnify) at higher levels of the food web, while 
others do not and may even decline (biodilution). 
 
Fish are useful indicators to assess progress in meeting the environmental objective, since they will 
show how much of the cadmium in the air, water, and sediments is ending up in aquatic life. Fish 
move around in lakes and rivers and so are exposed to different levels of cadmium in different 
environments compared to water or sediment samples that are typically taken in only one place. 
Decreasing trends in levels of cadmium in fish indicate that less cadmium is entering the food chain 
and that progress has been made towards achieving the environmental objective. 
 
3.2.4.1 Impacts of cadmium on fish 
Exposure to cadmium can be lethal to fish at varying concentrations depending on the sensitivity of 
the species, life stage and duration of exposure. Juvenile rainbow trout are relatively sensitive to 
cadmium (Hollis et al. 2000), whereas juvenile yellow perch are much less sensitive (Niyogi et al. 
2004). Exposure of fish to cadmium concentrations below lethal levels has been associated with 
behavioral effects such as changes in activity levels (Atchison et al. 1987; McGreer et al. 2000) and 
social interaction behaviors such as dominance and aggression (Atchinson et al. 1987; Sloman et al. 
2003). Exposure to cadmium may have negative impacts to reproduction in fish, such as reductions 
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in the size of gonads (Pyle et al. 2005), sex steroid production, ovarian development, hatching 
success and increased deformities (Vetillard and Bailhache 2004).  
 
Many factors can reduce the toxicity and bioavailability of cadmium and affect how much cadmium 
fish accumulate in a given environment. As previously discussed, the form, toxicity and mobility of 
cadmium in water can be influenced by pH, hardness, alkalinity, and natural organic matter. Age and 
sex do not appear to be strongly related to the cadmium concentrations accumulated in fish. 
 
Freshwater quality guidelines for cadmium concentrations in Canadian waters are in place, and 
intended to be protective of aquatic life. There are no known guidelines for fish to indicate at what 
levels cadmium in the body leads to negative health effects. This is likely due to the fact that there is 
a poor relationship between toxicological impacts of cadmium and levels of cadmium in the body, 
also known as body burden. Environment and Climate Change Canada monitors contaminants in 
whole fish, as the intent is to get a picture of the overall contamination level of the environment for 
many different chemicals and metals. Whole fish concentrations are useful in assessing the impacts 
of dietary exposure of cadmium to wildlife consumers of fish such as birds and mammals.  
 
3.2.4.2 Spatial and temporal trends of cadmium concentrations in fish 
The Fish Contaminants Monitoring Program was initiated in 1976. The objective was to collect a 
variety of biological samples in freshwater environments for the purpose of determining ecosystem 
contaminant levels. Annually, from two to four offshore sites are monitored on each Great Lake, with 
the exclusion of Lake Michigan. In 2006, the program expanded to include areas outside the Great 
Lakes and become national in scope. From 2006 to 2015, biota samples from many freshwater sites 
across Canada were collected. The focus of these collections was primarily to assess 
concentrations of mercury and other contaminants in the environment from atmospheric 
deposition.   
 
Multiple species of fish were analyzed for cadmium at some sites, allowing for a direct comparison 
of differences in accumulation amongst species. (Figure 34). In general, smaller prey species, lower 
on the food chain, accumulated higher concentrations of cadmium than top predator fish. 
Interestingly, at sites with the highest concentrations of cadmium in fish, differences between 
species were reduced. 

In this national survey, cadmium body burdens are higher in prey fish than they are in the top predator 
fish which consume them (at the same location). This finding was observed across sites and 
indicates that no biomagnification of cadmium is occurring in the upper aquatic food web at the sites 
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monitored. This finding is consistent with the literature (for example Andres et al. 2000, Amundsen 
et al. 1997, Carru et al. 1996, Marcovecchic and Moreno 1993, Pip and Stephaniuk 1997). 

Figure 34. Comparison of average concentrations of whole-body cadmium burdens in multiple species of 
fish from the same site. Fish are ordered from largest to smallest on the X axis, with top predator species on 
the left. 

 

Spatial trends by species 
Cadmium body burdens varied significantly across the country and for predatory fish, were highest 
in British Columbia and the Yukon, as well as sites in eastern Canada and the Maritimes, such as 
Kejimkujik Lake and Lac Edouard, QC. Concentrations were lowest in the Northwest Territories and 
Prairie Provinces, and high to moderate in the Great Lakes, with higher concentrations in the upper 
Great Lakes compared to the lower Great Lakes (Figure 35).   
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Figure 35. Whole body mean concentrations of cadmium (mg/kg wet weight) as quartiles of top predatory fish 
in Canadian water bodies from 2010 to 2018.  

 

The prey fish present varied greatly amongst sites across Canada and cadmium concentrations 
varied significantly amongst prey species from the same sites. For this reason, it was not appropriate 
to pool prey species in a single nation-wide analysis. Rainbow smelt were the prey species which 
occurred at the most sites, most commonly at Great Lakes locations ( 
Figure 36).  
 
Concentrations of cadmium in rainbow smelt were highest at Whitefish Bay, Wheatley, Dunkirk, and 
Thunder Bay, and lowest in Lake Ontario sites and Goderich in Lake Huron. Cadmium body burdens 
in sculpin were highest in Whitefish Bay, Lake Superior, and in Port Credit, Lake Ontario (Figure 37a). 
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Round gobies were found primarily in the lower Great Lakes and had the highest cadmium 
concentrations in Western Lake Erie (Figure 37b).   
 
As highlighted in the sediment section of this report, higher concentrations of cadmium in fish from 
some areas may be a result of regional differences in natural cadmium concentrations based on the 
local geology and on factors affecting bioavailability, while at other sites, elevated concentrations 
may be the result of anthropogenic inputs. Cadmium body burdens in fish are reflective of the 
bioavailability of cadmium in the environment. In this study, sites with the highest cadmium body 
burdens in fish were associated with both natural and anthropogenic inputs. Salsbury Lake, BC, 
where the fish with the highest cadmium concentration was captured, is an isolated lake surrounded 
by forest. Although seemingly pristine, Salsbury Lake was the site of a lake fertilization program in 
the 1980s. Phosphate and nitrate fertilizers were added to Salsbury Lake for four years in an effort to 
enhance the productivity of the fishery (Hume, 1987). This is the likely reason for the relatively high 
cadmium concentrations in the ecosystem, as phosphate fertilizers can contain significant amounts 
of cadmium (T. L. Roberts, 2014). The Columbia River passes through the Columbia Mountains and 
drains areas which are naturally high in cadmium ore. Several mines that produce zinc and cadmium 
occur in this drainage basin and the site where fish are sampled is located close to a zinc processing 
plant in Trail, BC; a likely source of cadmium as well as other heavy metals to the Columbia River. 
Lac Edouard, QC also drains an area high in cadmium-containing sulphide ore and is the site of the 
former Lac Edouard mine which produced nickel and copper. Kejimkujik Lake is known for having 
high mercury and heavy metal concentrations, thought to be the combined result of aerial deposition 

from heavily populated areas to the south, and contamination from historic gold mining (S. Roberts 
et al., 2019).  
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Figure 36. Mean whole body concentrations of cadmium (mg/kg wet weight) in rainbow smelt in Canadian 
water bodies from 2010 to 2018.   

 

 

a) 

b) 
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Figure 37. Mean whole body cadmium concentrations of a. sculpin species and b. round gobies in the 
Canadian Great Lakes. 
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The spatial trends of cadmium body burdens in top predator fish are different from the trends seen 
at water quality monitoring sites across Canada, which found that cadmium levels were lower in 
southern BC, and higher in the prairies and Arctic. For top predator fish, cadmium levels were 
instead highest in British Columbia, and relatively low in the prairies and arctic. The reasons for this 
are likely two-fold. First, fish, sediment and water quality data were often collected from different 
sites and so would have different background concentrations of cadmium. Second, even where 
fish are collected from the same sites as water or sediment samples, relative spatial trends may 
differ as body burdens are reflective of cadmium availability to fish and this varies depending on 
such factors as pH, organic matter and hardness. 

In the Great Lakes, there is also some disconnect between the areas with the highest cadmium levels 
in sediments versus fish. Body burdens of cadmium in both lake trout (predator) and rainbow smelt 
(prey) were among the highest recorded for Lake Superior, and among the lowest for Lake Ontario, 
while the trends in cadmium levels in sediments and water are the reverse. This may be explained by 
differences in cadmium bioavailability between Lake Superior waters and Lake Ontario due to 
differences in the physiochemical environment. For instance, water hardness, which reduces 
cadmium bioavailability, is higher in Lake Ontario (~125 mg CaCO3/L) than Lake Superior (~45 mg 
CaCO3/L). It should be noted that sculpins from Port Credit, in Lake Ontario did have relatively higher 
body burdens. Unlike walleye, lake trout and smelt, which feed pelagically (in the water column), 
sculpins are more likely to be benthivorous (bottom feeding) and thus may be more exposed to 
cadmium in the sediments. Cadmium body burdens were elevated in most fish species in parts of 
the western basin of Lake Erie which corresponds to the elevated levels observed in sediments and 
water. In addition to the legacy sources noted in the sediment section, potential sources to the 
western basin could also be from the application of sewage sludge to agricultural fields, which can 
be high in cadmium (Jing & Logan, 1992). 
 
Temporal trends by site and species in the Great Lakes 
Temporal trends of annual cadmium body burdens were analyzed at all Great Lakes sites with 
sufficient long-term data. In general, the longest and most complete data sets are for lake trout and 
rainbow smelt. The longest temporal data set is for rainbow smelt, which extends as far back as the 
late 1970s at some locations, whereas for trout, there were only sufficient data to examine trends 
since 2000. The results of temporal trend analysis for all Great Lakes fish species with sufficient data 
are summarized in Table 8. 
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Table 8. Summary of cadmium body burden temporal trends in fish of the Great Lakes. Green indicates a 
decreasing trend, while red indicates an increasing trend. Yellow indicates no trend. Solid colours (dark 
green, red) indicate a highly likely trend while pale colours (pink, light green) indicate a less likely trend. 

 

At most sites in the Great Lakes, cadmium body burdens in fish are declining, and no significant 
increasing trends were found. However, trends in cadmium body burdens did vary by both lake and 
species. In Lake Superior, there were no significant trends in cadmium body burdens in either 
direction. Cadmium body burdens in smelt appear to be increasing, in a non-significant fashion, 
while body burdens in trout are declining non-significantly or remaining relatively stable. The 
sediment data indicates that concentrations of cadmium have declined in Lake Superior between 
the late 1960s and the present, but the long-term dataset for rainbow smelt do not reflect this despite 
covering much of the same time period from the early 1980’s to present. This may be because smelt 
feed primarily on the pelagic portion of the food web. If cadmium in Lake Superior is quickly bound 
to suspended particles and settles to the lake bed it might not appear in this portion of the food web 
or be bioavailable in the water column. However, cadmium in Lake Superior water samples has also 
declined for the period 2004-2019. 
 
In Lake Huron, including Georgian Bay and the North Channel, cadmium is declining at all sites in all 
species, although those declines are not always rapid or statistically significant. Cadmium 
concentrations in rainbow smelt from Lake Huron decreased most steeply from the mid 1990s to the 
early 2000s, after which the trend has leveled off slightly. This corresponds to declining cadmium 
trends in the sediments and water of Lake Huron, except for Georgian Bay, where cadmium 
concentrations in sediments increased in some areas, but not where fish were collected.  
 
In western Lake Erie, cadmium burdens in walleye appeared to be increasing slightly, whereas 
cadmium in smelt appears to be declining. Declines in smelt correspond to declining trends in 
cadmium in sediments and are over a similar time period, whereas cadmium burdens in walleye 
appear to be increasing recently and could be impacted by high cadmium levels still seen in areas 
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such as Cleveland Bay or potentially from re-suspended sediment during upstream dredging. 
Similarly, the water data indicate variable cadmium levels and no trend over the past 15 years. In the 
colder waters of eastern Lake Erie, cadmium concentrations in lake trout declined steadily from 
2006 to 2014. Declines in cadmium are also observed in rainbow smelt, similar to trends in sediment 
and water, although levels in smelt did appear to increase over the period from 1978 to 1995.  
 
In Lake Ontario, there were no significant trends in predator fish. Lake trout at most sites appeared 
to be experiencing slight declines, with the exception of western Lake Ontario, where concentrations 
show a slight increase in recent years. In contrast, smelt at all Lake Ontario locations showed 
declines. Trends were more ambiguous for other prey species. Cadmium burdens in sculpin 
declined in eastern Ontario, but were unchanged in the central basin and concentrations in alewife 
in the central basin increased slightly. Declines in cadmium seen in eastern Lake Ontario and 
eastern Lake Erie are also confounded by changes in site location. In both cases, sampling locations 
shifted from Canadian to US waters during the time period of record which may account for some of 
the noted decline.  
 
Findings and recommendations 
Environmental monitoring of aquatic environments has been undertaken for many years by the 
federal government in coordination with provincial, territorial and international partners in the 
United States. The behaviour and toxicity of cadmium in the aquatic environment is complex and 
interpreting monitoring data requires a strong understanding of the natural sources of cadmium and 
toxicity modifying factors. Generally, the levels of cadmium found in sediments, water, and fish are 
declining, showing that progress is being made towards achieving the environmental objective, 
although cadmium levels in some areas remain above levels of concern. Atmospheric sources are 
likely important contributors to cadmium levels in aquatic environments, particularly in sediments. 
Forest fires may release significant amounts of cadmium into the air since cadmium tends to 
accumulate in plants and organic soils. However, there is no method to quantify this input to 
sediments (CEPA, 1994). With an increase in forest fires in recent years due to climate change, this 
could become an important source of cadmium input to aquatic environments. Harbour operations 
and shipping may also be linked with cadmium contamination in sediments. 

It is recommended that: 

• Work continues to identify and manage, as appropriate, sources of cadmium releases in areas where 
levels remain above guidelines or threshold effects levels in sediment and water. Particular attention 
should be paid to areas where levels are increasing or holding steady, taking into consideration natural 
conditions and potential contributions from the United States. Sources of sediment contamination in 
harbours may warrant further investigation. 

• The role and relative contribution of atmospheric deposition of cadmium to water and sediment from 
different sources of release, including forest fires, should be explored further. 

• Additional research on cadmium body burdens for aquatic species and potential impacts of cadmium 
in food web dynamics should be considered. 

3.3 Wildlife 

Wildlife are exposed to cadmium primarily through their diet (Burger, 2008). Inhalation can be 
another exposure route, although it likely only occurs near a major emission source, where air 
concentrations of cadmium are high (Archbold et al., 2007; Burger, 2008). Due to the importance of 
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dietary exposure, an animal’s position in the food chain can influence the bioaccumulation of this 
metal. In general, cadmium does not biomagnify through food chains; rather tissue concentrations 
of cadmium tend to decrease as this metal is transferred from prey to predator. As a result, the 
highest cadmium concentrations are often found in lower trophic level animals, particularly 
herbivores (animals that eat plants)(Sun et al., 2020). However, there are exceptions where animals 
higher up on the food chain, such as marine mammals and birds, have elevated cadmium 
concentrations (Dietz et al., 1996, 1998). In addition, cadmium biomagnification has sometimes 
been reported for benthic environments, resulting in greater tissue concentrations at higher trophic 
levels as it is transferred up the food chain (Croteau et al., 2005; Espejo et al., 2018).  

Among vertebrates, when cadmium is released from digested food in the gut and enters the blood 
stream, it accumulates primarily in the kidney and liver, and to a much lesser extent in other soft 
tissues such as muscle and brain. Wildlife excrete cadmium slowly from the body via feces and urine 
as well as in inert keratin tissues such as feathers, claws and fur and female birds and reptiles 
transfer small amounts of cadmium to their offspring during egg laying (Cooke, 2011; Wayland & 
Scheuhammer, 2011). Cadmium concentrations have been commonly reported to increase with age 
in a variety of wildlife such as seals and birds (Brown et al., 2016; Wayland & Scheuhammer, 2011).  

3.3.1 Toxicological effects and risk of elevated cadmium exposure  
Laboratory studies show elevated cadmium exposure can have sublethal toxicological effects on 
vertebrate animals. In birds and small mammals, cadmium exposure can cause damage to the 
intestine, kidneys and testes, reduce bone strength via osteoporosis, negatively impact 
reproduction and metabolism, and induce anemia (Cooke, 2011; Wayland & Scheuhammer, 2011; 
World Health Organization, 1992). The experimental doses of cadmium that caused those 
toxicological effects in the laboratory differed among studies and test species, although the doses 
(for example, dietary cadmium of 50-300 ppm dry weight; Hughes et al., 2003) were higher than what 
would naturally be found in the environment of the non-industrialized areas of Canada. In addition 
to dose, other factors can influence effects of cadmium exposure on wildlife such as age, a calcium-
poor diet, and possible species-specific differences in sensitivity to cadmium (Larison et al., 2000; 
Schertz et al., 1991; Scheuhammer, 1987; World Health Organization, 1992).    

Limited information is available on sublethal toxicological effects of cadmium on wild animals. 
Research on a sea duck species at a remote Arctic location showed little or no adverse effects on 
survival rates or growth and development in relation to levels of cadmium in the birds’ bodies 
(Wayland et al., 2002, 2003, 2008). Similarly, stress and reproductive indicators were not related to 
the level of cadmium found in a freshwater duck species (Pollock & Machin, 2008, 2009). An 
examination of kidneys in four species of ungulates from the Northwest Territories showed no 
evidence of effects to function for animals with kidney cadmium up to approximately 150 ppm dry 
weight (Larter et al., 2016). At a contaminated gold mine site in Yellowknife (Northwest Territories), 
muskrat and red squirrel showed signs of oxidative stress in their brains, and snowshoe hare had 
skeletal abnormalities in relation to higher cadmium exposure (Amuno et al., 2020; Amuno, Jamwal, 
et al., 2018). However, the study species were also highly exposed to arsenic from mining 
contamination, which may have either contributed to or been the primary cause of the observed 
health effects. It is challenging in field-based ecotoxicology studies to relate health effects with 
specific exposure to cadmium, because wildlife are commonly exposed to multiple contaminants in 
their diet, which may be contributing to observed health impacts. The most widely cited report of 
cadmium toxicity in wild animals from other countries is that of ptarmigan (a bird) in Colorado 
(United States), which fed on willow, a naturally elevated source of cadmium (Larison et al., 2000). 
In that study, 57% of ptarmigan in highly exposed populations showed damage to their kidneys. 
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Elevated cadmium levels have been observed in ptarmigan in Canada as well (Rodrigue et al., 2007), 
although those levels were lower than in birds from the Colorado study. No information is available 
on potential toxicological effects from naturally elevated exposure to cadmium in ptarmigan of 
Canada. 

Due to limited toxicological observations for wild animals, an assessment of tissue cadmium 
burdens was conducted to evaluate the potential risk of cadmium exposure to wildlife health in 
Canada. Critical tissue levels of cadmium that are associated with adverse sublethal effects were 
identified for animals (Table 9). Those thresholds are based on observed effects (that is, tissue 
dysfunction, altered metabolism) in animals with known tissue burdens, and they are commonly 
presented as ranges for specific types of animals due to variability among species and studies.  

Table 9. Critical tissue concentrations of cadmium in wildlife associated with adverse sublethal effects in 
adult vertebrate animals.  

Wildlife Category Tissue Threshold Tissue 
Concentration 
(ppm dry weight) 

Threshold Tissue 
Concentration 
(ppm wet weight) 

Source 

Birds Kidney 260a 65 (Wayland & Scheuhammer, 2011) 

Birds Liver 150-235a 45-70 (Wayland & Scheuhammer, 2011) 

Small mammals Kidney 105-210 30-60 (Cooke, 2011) 

Marine mammals Kidney 210a 50 (Caurant, 2013) 

  a Converted from wet weight concentration using factors from (Dietz et al., 1996)   

It is important to note that exceedance of a critical threshold tissue concentration suggests a greater 
risk of toxicological effects but does not indicate with certainty that the animal’s health was 
impaired. Applying threshold values obtained in laboratory studies to a range of wild species may 
not provide accurate indications of health risk. In addition to the amount of bioaccumulated 
cadmium, other factors such as age, diet, and species-specific sensitivity influence cadmium 
toxicity (World Health Organization, 1992). Marine mammals in Greenland, for example, had 
cadmium concentrations that far exceeded risk thresholds but showed no clear signs of cadmium-
induced toxicity to their kidney (Dietz et al., 1998). In contrast, more subtle sub chronic effects, such 
as suppression of the immune system, may occur at lower tissue concentrations than the thresholds 
noted in Table 9 (Desforges et al., 2016).  

3.3.2 Levels of cadmium in wildlife of Canada 
Large amounts of data are available on cadmium concentrations in wildlife of Canada (Figure 38). 
Details on the sources of the data, locations of collection, and study species can be found in 
Appendix 1. The most common wildlife tissues analyzed for cadmium were liver and kidney, and 
concentrations in those tissues varied widely from 0.02-75 and 0.03-226 ppm dry weight, 
respectively. Higher concentrations were observed in marine and terrestrial birds, marine mammals, 
and ungulates (animals with hooves) compared with waterbirds and aquatic mammals living in 
freshwater environments and other terrestrial mammals. Considering all data available for liver of 
wildlife species across Canada (representing 6,266 measurements), 95% of average cadmium 
concentrations reported in studies were less than 50 ppm dry weight. Similarly, 95% of average 
cadmium concentrations in kidney reported in wildlife studies were less than 151 ppm dry weight 
(representing 1,384 measurements). These are generally below the threshold tissue concentrations 
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noted in Table 9. The highest reported cadmium concentrations were found in liver of a marine 
mammal (ringed seal, Pusa hispida, 75 ppm dry weight) and a marine bird species (northern fulmar, 
Fulmarus glacialis, 73 ppm dry weight), and in kidney of a terrestrial bird (willow ptarmigan, Lagopus 
lagopus, 214-226 ppm dry weight). Differences in cadmium concentrations of wildlife reflect a 
number of factors including age, diet, location-specific exposure to cadmium, and physiological 
variation among species in their capacity to eliminate this metal from their body (Burger, 2008; 
Wayland & Scheuhammer, 2011).  

 

 

Figure 38. Cadmium concentrations in liver and kidney of wildlife measured in Canada since 1994.  

 

Cadmium does not typically accumulate to high levels in other wildlife tissues. The cadmium 
content of bird blood, muscle and eggs is sometimes so low as to be below analytical detection 
(Braune & Malone, 2006; Hargreaves et al., 2011; Pratte et al., 2015). In Canada, eggs of marine and 
terrestrial birds typically have cadmium concentrations less than 0.5 ppm dry weight (Pratte et al., 
2015) while blood cadmium concentrations of 0.05-0.1 ppm dry weight were reported for marine 
birds in the Arctic (Wayland et al., 2008); converted from wet weight assuming 90% moisture). Birds 
with higher cadmium concentrations in blood also tend to have higher concentrations in their 
kidneys, reflecting differences in exposure among individuals (Wayland et al., 2001). Similarly, bone 
contains little cadmium, with reported concentrations in Canada of less than 1 ppm dry weight for 
elk (Parker & Hamr, 2001) and less than 3 ppm dry weight for sandpipers (McFarland et al., 2002). 
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Muscle of upland game birds, waterfowl and large game, which may be consumed by humans, 
typically have cadmium concentrations less than 1 ppm dry weight, although higher values have 
been reported for ptarmigan (Braune & Malone, 2006; Gamberg et al., 2005; Parker & Hamr, 2001).  

As part of Canada’s Chemicals Management Plan, two aquatic and terrestrial wildlife bioindicators 
were monitored for chemicals across Canada since 2008 (Figure 39). Eggs of herring gulls (Larus 
argentatus), glaucous-winged gulls (L. glaucescens), and California gulls (L. californicus), all 
aquatic-feeding species, and the European starling (Sturnus vulgaris), a land-based (terrestrial) 
songbird that nests near urban centres, were assessed for cadmium from 2008–2019. Cadmium 
concentrations in eggs of aquatic-feeding species (gulls) and terrestrial-feeding species (starlings) 
were generally very low across Canada during this period and below 0.001 ppm dry weight (Figure 40 
and Figure 41). Of 196 gull egg measurements for cadmium, 66.3% had concentrations above 
respective method detection limits (MDLs). Similarly, of 214 starling egg measurements, 42.5% had 
concentrations above respective cadmium MDLs.  

Limited data are available for cadmium in snapping turtle (Chelydra serpentina) eggs in Canada. 
Mean (± standard deviation) cadmium concentrations in eggs ranged from 0.0028 (± 0.001) ppm to 
0.0029 (±0.0013) ppm dry weight at two sites on Lake Ontario and one remote site at Algonquin 
Provincial Park in 2004 (based on 3–25 clutches analyzed)(De Solla, Unpublished).  

An assessment using the available database for Canadian wildlife showed all cadmium levels in liver 
of birds and the vast majority of kidney concentrations (>99%) of birds, small mammals and marine 
mammals were below thresholds for greater risk of sublethal toxicological effects noted in Table 9. 
Cadmium concentrations in kidney of Arctic hare (106 ppm dry weight) from Nunavut slightly 
exceeded the lower threshold for small mammals, while kidney concentrations in willow ptarmigan 
(214 226 ppm dry weight) approached but did not exceed the threshold for birds. In those cases, 
elevated cadmium exposure was likely not due to human-driven contamination but instead naturally 
high levels of cadmium in the environment that accumulated in plants, the primary food source for 
these animals. 

Based on the best available information, this assessment suggested that wildlife in Canada are, in 
general, not likely to be at greater risk of sublethal toxicological effects from cadmium exposure. 
Limited measurements exist for cadmium in wildlife near point-sources of release in Canada, and 
further toxicological study may be warranted, particularly for small mammals (Amuno, Al Kaissi, et 
al., 2018).
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Figure 39. Monitoring locations of eggs under the Chemicals Management Plan Eggs of aquatic-feeding gulls 
are collected annually from 14 colonies across Canada (red circles) plus 11–12 Great Lakes colonies. Eggs of 
starlings (an indicator of terrestrial exposure) are also collected annually at five large metropolitan areas 
(yellow stars) and from nest boxes within these areas that are associated with three land-use types: in close 
proximity to landfill sites, within urban/industrial centres, and 10–40 kilometres outside urban/industrial 
areas (rural). 

 

Temporal trends of cadmium in wildlife 

Changes in the levels of cadmium in wildlife over time provide information on changes in 
environmental exposure that may, in part, result from an increase or reduction in cadmium loading 
to the environment. A few populations of caribou and ringed seal in the Canadian Arctic have been 
monitored routinely over 10 to 30 years by the Northern Contaminants Program to assess temporal 
trends in contaminant bioaccumulation. The Northern Contaminants Program was established in 
1991 in response to concerns about human exposure to elevated levels of contaminants in wildlife 
species that are important to the traditional diets of northern Indigenous peoples. Early studies 
found a wide variety of substances, many of which had no Arctic or Canadian sources, but which 
were, nevertheless, reaching unexpectedly high levels in the Arctic ecosystem (Government of 

https://science.gc.ca/site/science/en/northern-contaminants-program
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Canada, 2022b) . Time series were available for cadmium levels in kidney of caribou from three 
different regions: the Porcupine herd in the northern Yukon (28 years of data between 1990 and 
2017), the Qamanirjuaq herd in western Nunavut (13 years between 2006 and 2018), and the 
Tay/Finlayson herds in the Central Yukon (13 years between 1992 and 2010). For the Porcupine 
caribou herd, a statistically significant declining trend of 3% per year in kidney cadmium 
concentration was observed over the last three decades (n = 645, p < 0.001) while no temporal trends 
were observed for the other studied caribou herds. Time series were also available for cadmium 
concentrations in ringed seal liver from Lancaster Sound (13 years of data between 2000 and 2018) 
and Western Hudson Bay (10 years between 2008 and 2018) in Nunavut; no temporal trends in 
cadmium levels were observed in either of these populations. These findings indicate that exposure 
of these caribou and seal populations to cadmium in terrestrial and marine environments of northern 
Canada has either not changed or has slightly decreased in recent decades. 

For gulls monitored as part of the Chemicals Management Plan, cadmium levels were compared in 
eggs at 10 colonies between two time periods: 2008–2011 and 2016–2019 (Figure 40). Many of the 
gull egg samples had very low cadmium levels, below analytical detection limits, and the average 
concentrations were consistently low during both time periods. No evidence was found of a general 
increase in cadmium bioaccumulation during the more recent sampling period. A similar trend was 
observed for terrestrial starlings, based on a comparison of cadmium levels in eggs at 12 sites 
measured during the two same time periods (Figure 41).  

 

Figure 40. Comparisons of average concentrations (± standard deviation) of cadmium in gull eggs collected 
in 2008–2011 and 2016–2019 (ppm, dry weight). Measurements were made on pooled samples composed of 
multiple eggs and the sample sizes of average values ranged from 1–11. The orange band represents the 
range in method detection limits used in this study. 
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Figure 41. Comparisons of average concentrations (± standard deviation) of cadmium in starling eggs 
collected in 2008–2011 and 2016–2019 (ppm, dry weight). Measurements were made on pooled samples 
composed of multiple eggs and the sample sizes of mean values ranged from 1–16. The orange band 
represents the range in method detection limits used in this study. 

 

3.3.3 Spatial patterns of cadmium in wildlife 
Wildlife exposure to cadmium differs between marine, terrestrial and freshwater environments in 
Canada (Figure 42). The highest cadmium levels in both liver and kidney were found in marine birds 
and mammals from Atlantic, Pacific or Arctic marine regions. Terrestrial wildlife, including birds, 
ungulates and small mammals, varied widely in their tissue cadmium concentrations, though many 
values were found to be in-between those found for marine and freshwater wildlife. The lowest 
cadmium concentrations were found in freshwater wildlife, including waterbirds and aquatic 
mammals. A review of cadmium bioaccumulation in birds similarly noted marine birds tend to have 
the highest tissue levels compared to birds living in freshwater and terrestrial environments 
(Wayland & Scheuhammer, 2011).  
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Figure 42. Comparison of cadmium concentrations in liver and kidney of wildlife feeding in marine, terrestrial 
and freshwater environments of Canada.  

 

These patterns likely reflect natural processes that enhance the bioavailability and uptake of 
cadmium at the base of marine and terrestrial food webs. Marine benthic invertebrates (animals 
without a spine) such as mussels, oysters and snails efficiently absorb cadmium through their diet 
and have little capacity to eliminate this metal, which can result in higher levels in those biota (Wang, 
2002). Some marine invertebrates living in the water column in the open ocean can also accumulate 
higher levels of cadmium (C. R. Macdonald & Sprague, 1988). In terrestrial environments, plants 
differ considerably in their cadmium uptake, and willow in particular is a known natural accumulator 
of cadmium (Ohlson & Staaland, 2001). Higher concentrations found in willow increase the 
cadmium exposure of herbivores that feed on this plant such as moose and willow ptarmigan (a 
bird)(Gamberg et al., 2005; Rodrigue et al., 2007).  

Several species of sea ducks, which have a similar diet of marine benthic invertebrates, differed in 
their cadmium concentrations among coastal areas of Canada (Figure 43). Eider and scoter species 
generally had lower kidney and/or liver cadmium levels in southern British Columbia and the Atlantic 
provinces compared with eider species sampled in Hudson Bay and the Arctic Archipelago. It is 
unclear whether this spatial pattern reflected a geographic effect of greater cadmium exposure at 
the Arctic sites or the influence of factors associated with their annual life cycle. Sea ducks are 
typically migratory, and the birds at Arctic locations were sampled during the breeding period while 
birds along the Pacific and Atlantic coasts were sampled during the non-breeding, wintering period. 
Cadmium bioaccumulation in sea ducks is influenced by cadmium exposure from local food 
availability at both their northern breeding sites and their overwintering locations at lower latitudes 
(Gurney et al., 2014). Similarly, physiological changes during reproduction such as weight loss can 
influence cadmium concentrations in sea ducks, which can confound comparisons between 
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breeding and non-breeding birds (Wayland et al., 2005). It is possible that higher cadmium 
concentrations in sea ducks at Arctic sites reflected greater exposure since elevated cadmium has 
been reported for marine biota in the Canadian Arctic and Greenland due to natural geochemical 
processes rather than greater loading of cadmium from anthropogenic sources (AMAP, 2005; R. W. 
Macdonald et al., 2000). An investigation of ringed seal showed spatial patterns in liver cadmium 
were related to differences in diet, with higher concentrations of seals feeding on marine 
invertebrates than those feeding on fish (Brown et al., 2016). Geological influences may have also 
played a role in the higher cadmium burdens of ringed seal in the eastern Arctic relative to the 
western Arctic (Brown et al., 2016).  

Figure 43. Spatial patterns of cadmium concentrations in liver and kidney of sea ducks sampled on Atlantic, 
Pacific and Arctic coasts of Canada. Location-specific values are means of measurements on an eider or 
scoter species, which feed on marine benthic invertebrates. The median sample size for each location was 
10 (range of 3-73).  

 

For monitoring under the Chemicals Management Plan, where confounding effects of bird annual 
life cycle were accounted for, cadmium levels in gull eggs were low at both coastal and inland sites 
across Canada, and there was no evidence of any locations with elevated bioaccumulation. The 
highest mean cadmium concentration (0.0015 ppm) was found in gull eggs at Dalemead, Alberta, 
collected from 2016–2019. Little difference in egg cadmium levels were observed between colonies 
where gulls fed in a marine environment (that is, three BC colonies; East Bay, NU; Kent Island, NB; 
and Gull Island, NL) (0.00063 ppm) and those where gulls fed in freshwater environments (remaining 
13 colonies) (0.00056 ppm). For starlings, egg cadmium concentrations were low and, in general, 
similar at locations near landfills, industrial sites or in rural areas, suggesting little difference in 
cadmium exposure among starling sites across Canada or among the three land-use types (Figure 
44). The highest concentration (0.0061 ppm) was found in a pooled sample of starling eggs from a 
landfill in Brantford (ON). 
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Figure 44. Mean concentrations (+ standard deviation) of cadmium in starling eggs at sites across Canada 
from 2016–2019 (ppm, dry weight). Three land-use types are indicated. Measurements were made on pooled 
samples composed of multiple eggs and the sample sizes of mean values ranged from 3–16 per site. The 
orange band represents the range in MDLs in this study. 

 

Human activities, particularly non-ferrous refining and smelting, are important sources of cadmium 
emissions in Canada (as noted in section 2). Higher tissue concentrations of cadmium were found 
in muskrat at sites closer to ore smelters at Sudbury, Ontario (Parker, 2004) and in snowshoe hare 
collected close to a gold mine at Yellowknife, Northwest Territories (Amuno, Jamwal, et al., 2018). 
Other studies of wildlife exposure to metals from a lead-zinc mine in Nunavut and a uranium mine in 
northern Saskatchewan showed no enhancement of cadmium bioaccumulation in hare or moose 
collected close to those developments (Amuno et al., 2016; Thomas et al., 2005). In the oil sands 
region of northern Alberta, small mammals and tree swallows (Tachycineta bicolor) did not show 
higher exposure to cadmium near bitumen mining developments (Godwin et al., 2016; Rodríguez-
Estival & Smits, 2016). The bioaccumulation of cadmium released from human activities is related 
to the amount of cadmium deposited in the receiving environment as well as site-specific 
environmental conditions that influence cadmium bioavailability to biota. For example, soil 
acidification can stimulate the uptake of cadmium by plants in terrestrial environments (Muhammad 
et al., 2012), which may result in greater exposure to herbivores.  

Findings and recommendations 
Cadmium bioaccumulates primarily in the kidney and liver of vertebrate animals. Concentrations 
differed among wildlife species in Canada, with higher levels found in marine animals compared with 
those in terrestrial and freshwater ecosystems. 
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Temporal trend monitoring of cadmium concentrations in caribou and ringed seal populations 
indicated that wildlife exposure to cadmium in terrestrial and marine environments of northern 
Canada either did not change or slightly decreased over the last two to three decades. Monitoring of 
cadmium in gull and starling eggs between two time periods (2008–2011 and 2016–2019) showed 
consistently low concentrations in the last two decades at locations across Canada. 

Cadmium concentrations in starling eggs were low and similar at locations near landfills, industrial 
sites or in rural areas, suggesting little difference in cadmium exposure for starlings among those 
land-use types. Some evidence was reported for higher tissue concentrations of cadmium in wildlife 
near ore smelters and mine sites.  

Limited information is available on sublethal toxicological effects of cadmium to wild animals in 
Canada. Based on the available data on cadmium levels in wildlife tissues presented in this section, 
in general, wildlife in Canada are likely at low risk of sublethal toxicological effects from cadmium 
exposure. 

It is recommended that:  

• additional measurements for cadmium in wildlife be collected near point-sources of release in 
Canada; and 

• further toxicological study of the effects of cadmium in wildlife be considered, particularly for small 
mammals. 

3.4 Conclusion on cadmium in the environment 

Levels of industrial release have declined and levels in the environment have mostly followed the 
same trends. According to NPRI, most cadmium released from industries goes into the air and 
atmospheric deposition appears to be an important contributor to cadmium levels in the aquatic 
environment in some regions. Sediment concentrations across Canada showed the greatest cause 
for concern compared to other environmental media due to a number of locations with levels higher 
than threshold effects levels and probable effects levels. In particular, the Great Lakes, parts of the 
St. Lawrence, and the Atlantic sector had median concentrations above guideline levels. However, 
it is important to consider the bioavailability of cadmium in assessing impacts to the environment as 
demonstrated by conflicting data patterns for water, fish and sediments for the Great Lakes region.  

It is difficult to compare sampling undertaken in different media because they are often collected at 
different locations at different times. The Great Lakes region is the most well studied and has the 
most comprehensive datasets. Looking at the data from all environmental media, it appears that 
Lake Erie and the connecting channels of the lower Great Lakes may be more greatly impacted by 
cadmium pollution than other areas in Canada. This is evidenced by observations of higher cadmium 
levels in air in the Great Lakes regions (Windsor, Hamilton) compared to other regions, sediment 
levels well above the threshold effects levels, particularly in the western basin, exceedances of 
water quality guidelines, and observations of higher levels in fish from this area compared to other 
areas. However, wildlife observations of cadmium levels were no higher in the Great Lakes region 
compared to other areas of Canada. 

Higher levels of cadmium were observed in wildlife, fish, and sediment near active and closed mining 
and smelting operations (for example Columbia River, St. Lawrence, Grand Lake, Kejimijujik) and 
transportation of ores (as seen in Quebec City). Data from metals mining operations showed that 
cadmium concentrations released in effluent and concentrations in exposure areas are declining, 
though some reference and exposure areas have cadmium levels exceeding environmental quality 
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guidelines. Cadmium levels in air, fish, and wildlife did not appear to be higher near oil sands 
operations than elsewhere in Canada. These findings are consistent with the release data noted in 
section 2, where the metals and ore industry is the primary source of cadmium releases and oil and 
gas production contributes much smaller amounts. Data for cadmium in the environment near other 
industrial sources were not available.  

Additional hotspots and industrial sources may be discovered as work continues to identify sources 
of contaminants of concern in the critical habitat areas of endangered whales and their prey. Data 
from PAWPIT suggests there may be sources of cadmium releases not currently captured by existing 
federal release inventories and that surface water runoff may be a large contributor to cadmium 
levels in the Fraser River basin and St Lawrence River.  

Cadmium appears to be present in all environmental media at relatively low levels across Canada, 
with the exception of some hotspots. Levels found in land-based animals are typically lower than 
those expected to cause sublethal toxicological effects. However, the impacts of cadmium at very 
low levels have not been well studied in wild animals and there may be potential impacts to 
behaviour or immune responses that are not obvious in post mortem examinations. Similarly, the 
impacts on fish are unclear as no known guidelines for fish exist to indicate at what levels cadmium 
in the body leads to negative health effects. Cadmium does not appear to biomagnify, meaning that 
adverse impacts seen due to high cadmium levels in sediments may not be apparent in fish feeding 
on small aquatic invertebrates at the bottom of the food chain that live in the sediments. In addition, 
the relative burden of cadmium in the mixture of contaminants to which wildlife are exposed is 
difficult to estimate.   

4 Risk management 

The Canadian Environmental Protection Act enables the Government of Canada to take action to 
manage the risks of toxic substances to the environment and human health. Recalling the approach 
taken under the Toxic Substances Management Policy as well as the Chemicals Management Plan, 
the following section outlines the relevant risk management actions taken for inorganic cadmium 
compounds with a goal to provide information that will be used in section 6 to evaluate the progress 
made in achieving the risk management approach and objective. While provincial and territorial 
efforts have played an important role in reducing cadmium emissions and releases to the 
environment, they are beyond the scope of this report, which focuses only on federal actions.  

4.1 Risk management actions 

The risk management actions the Government has put in place to control releases of substances to 
the environment are also called risk management instruments and may include: policies, guidelines, 
pollution prevention planning notices, performance agreements, legislation, and other measures. A 
review of risk management instruments will provide information on whether the Government has 
taken action to achieve the risk management objective. Indicators will be the number of instruments 
developed to address releases of cadmium to the environment as well as the proportion of those 
instruments that take action to the primary release pathways of concern as identified in the 1994 
assessment. 

To conduct this evaluation, a review of the CEPA registry and Canadian Council of Ministers of the 
Environment documentation was undertaken as an initial screening exercise. Subsequent literature 
searches were also conducted. Keeping in mind the risk management approach for track 2 
substances, risk management instruments were included in this section if they:  

https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry.html
https://ccme.ca/en/resources
https://ccme.ca/en/resources
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• control emissions or releases from a source or sector of concern noted in the 1994 Assessment; 
• directly target cadmium releases or emissions or set a guideline, limit, or threshold for cadmium 

releases from sectors of concern; 
• result in a co-benefit for cadmium from a specific source/sector of concern, for example, reductions 

in particulate matter from combustion activities; 
• control general toxicity of releases in a sector of concern that contributes significantly to cadmium 

releases; or 
• are linked to one of the Strategic Options Process Issue Tables. 

Due to the long time period under consideration in this evaluation, instruments that are no longer in 
force may still be relevant to overall performance measurement of risk management measures if 
they contributed to cadmium reductions during the time that they were in force.  

The evaluation will also consider the proportion of instruments that have met their intended targets 
and objectives where information is available. This information will indicate whether the risk 
management instruments were successful and will provide helpful context for the overall evaluation 
of the risk management approach. For example, links could be made between the success of risk 
management instruments and the trends in industrial releases.  

Additionally, where possible, information on the proportion of facilities implementing best available 
technologies and best environmental practices will be considered in the evaluation of the risk 
management objective. The proportion of facilities implementing best practices and technologies 
will provide information on whether there has been progress made to achieve the risk management 
objective to reduce cadmium releases to the lowest extent technically and economically feasible.   

For ease of reference, actions were grouped by industrial sectors.  

4.1.1 Metal and mineral production  
4.1.1.1 Base metals smelting and refining 
Base metals smelting and refining is the production of one or more of the following metals: cobalt, 
copper, lead, nickel and zinc from raw materials that come primarily from ore. This is generally 
completed through processes such as pyrometallurgy and/or hydrometallurgy. Primary smelting 
and refining processes produce metals directly from ore concentrates, while secondary processes 
produce metals from scrap and waste. Base metals smelting and refining facilities release various 
substances found on the List of Toxic Substances in Schedule 1 to the Canadian Environmental 
Protection Act. These toxic substance releases include air releases of particulate matter containing 
cadmium. Because of these releases, the Government has been working to reduce pollution from 
this industry since the mid-1970s. As noted in section 2, the base metals smelting and refining sector 
consistently accounts for most of the releases of cadmium to air. 

 Accordingly, this sector was targeted in the Strategic Options Process over the 1996-1997 period. 
The Strategic Options Process produced a Strategic Options Report that resulted in 10 
recommendations for the management of toxic substances from the sector, including the 
development of environmental performance standards (Government of Canada, 2002) . 

Seven of the 10 recommendations are relevant to the risk management of cadmium and can be 
summarized as: 

Recommendation #1 – release reduction targets and schedules: reduce total releases of 
arsenic, cadmium, lead, mercury and nickel from the base metals smelting sector by 80% 
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from 1988 levels by the year 2008 and by 90% beyond 2008 through the application of 
technically and economically feasible methods.  

Recommendation #2 – environmental standards: develop Canada-wide environmental 
ambient air and water quality guidelines for substances of relevance to the base metals 
smelting sector; develop appropriate environmental source performance guidelines for 
discharges to water and air taking into account best available pollution prevention 
techniques and control technologies economically achievable for new and existing smelters 
no later than the year 2000; develop protocols for measurement and reporting of releases 
and provide appropriate opportunities for stakeholder involvement in development of 
environmental guidelines and protocols.  

Recommendation #3 – site-specific environmental management plans: develop and 
implement site-specific environmental management plans for each facility and evaluate the 
effectiveness of these plans in 2001. 

Recommendation #4 – consistent data and reporting: develop and implement standard 
reference methods for release monitoring, quality assurance/quality control, and 
independent verification of the system for monitoring and reporting of data to support 
Canadian Council of Ministers of the Environment guidelines. 

Recommendation #5 – Federal-Provincial cooperation: develop a coordinated approach 
that avoids duplication in the implementation of environmental measures for the sector. 

Recommendation #8 – research and development: undertake cooperative scientific 
research programs to characterize smelter releases, validate predictive models, investigate 
environmental behaviours and effects, and identify and develop pollution prevention 
opportunities and technologies. 

Recommendation #10 – public review: initiate a public review process to assess the 
implementation and effectiveness of the recommendations of the SOR in 2001, focusing on 
the management of CEPA substances released by the base metals smelting sector to 
determine if further action is needed. 

In response to these recommendations, the Government commissioned several reports to collect 
information and assist in the development of environmental standards, best practices, and available 
pollution prevention opportunities and technologies13. Additionally, Environment Canada held two 
public national workshops on the performance of the base metals sector and the development of 
environmental performance standards for the sector. This work led to the establishment of a Base 
Metals Environmental Multi-Stakeholder Advisory Group that assisted in the development of the 
Code of Practice for Base Metal Smelters and Refineries and Pollution Prevention Planning Notice 
for the sector.   

 
13For example: Hatch Associates, Review of Environmental Releases for the Base Metals Smelting Sector, 
prepared for Environment Canada, dated November 2000; Hatch Associates Review of Environmental 
Management Practices and Environmental Releases for the Base Metals Smelting Sector, prepared for 
Environment Canada, dated January 15, 2001. 
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Code of Practice for Base Metal Smelters and Refineries 
The Environmental Code of Practice for Base Metals Smelters and Refineries was published in 2006, 
taking into account the recommendations resulting from the Strategic Options Report. Its objective 
is to identify and promote recommended practices as requirements for new facilities and as goals 
for continual improvements for existing facilities. It describes operational activities and associated 
environmental concerns of this industrial sector. The Code of Practice made 38 recommendations 
related to the development and implementation of environmental management systems and the 
prevention and control of atmospheric emissions, wastewater effluents, and wastes. The Code of 
Practice includes recommended ambient air quality objectives for some pollutants, including 
cadmium. The recommended objective for cadmium in ambient air is 2 µg/m3 averaged over a 24-
hour period.   

Progress to date: The Code of Practice itself does not require reporting. However, facilities subject 
to the Pollution Prevention Planning Notice for base metals smelters and refineries and zinc plants 
and Environmental Performance Agreements (discussed below) are required and report annually on 
progress towards implementing the 38 recommendations in the Code of Practice.  

These reports, submitted under the Pollution Prevention Planning Notice have been collected from 
most facilities since 2006. Between 2006 and 2018, the 11 base metals smelting facilities as a whole 
fully implemented more than 80% of applicable recommendations, on average, and were in 
conformance with the Code of Practice.  

Pollution Prevention Planning Notice 
In 2006, the Government of Canada published its Notice requiring the preparation and 
implementation of pollution prevention plans in respect of specified toxic substances released 
from base metals smelters and refineries and zinc plants under the Canadian Environmental 
Protection Act, 1999. This Notice required the base metals smelting and refining sector to prepare 
and implement “pollution prevention plans” by December 31, 2015. The risk management 
objective of this Notice was to consider the application of best available techniques to prevent and 
control pollution in order to avoid or minimize pollutants and waste and reduce risk to the 
environment or human health.  
 
Under the Pollution Prevention (P2) Planning Notice, annual air release targets for particulate 
matter, which contains metals including cadmium, were identified for specific facilities for 2008 
and 2015. The sector was subject to a total metals reduction (recommendation 1 of the 1997 
Strategic Options Report) however, no specific release limit targets were developed for cadmium, 
since controlling emissions of particulate matter were determined to be sufficient to control 
emissions of cadmium.  
 
Pollution prevention focuses on avoiding the creation of pollutants rather than trying to manage 
them after they have been created. In developing their plans, facilities were asked to prioritize 
pollution prevention methods such as “equipment or process modifications”, “good operating 
practices or training”, “material or feedstock substitution”, etc. and also to consider the use of 
pollution control methods to manage the pollution generated during the industrial process. 
Additionally, facilities were required to consider the recommendations of the Strategic Options for 
the Management of Toxic Substances from the Base Metals Sector and the Environmental Code of 
Practice for Base Metals Smelters and Refiners in developing and implementing their pollution 
prevention plans, as noted in the sections above. Some facilities applied for, and were granted 
extensions until December 31, 2018, to implement their pollution prevention plans. 

https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/code-practice-base-metals-smelters.html
http://www.gazette.gc.ca/rp-pr/p1/2006/2006-04-29/pdf/g1-14017.pdf#page=13
http://www.gazette.gc.ca/rp-pr/p1/2006/2006-04-29/pdf/g1-14017.pdf#page=13
http://www.gazette.gc.ca/rp-pr/p1/2006/2006-04-29/pdf/g1-14017.pdf#page=13
http://gazette.gc.ca/rp-pr/p1/2016/2016-01-30/html/notice-avis-eng.html#nl1
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Progress to date: The P2 Planning Notice ended in December 2018. The implementation of P2 
plans resulted in a reduction in emissions of targeted toxic substances from the base year of 2005. 
From 2005 to 2018, there was an 89% decrease (28 tonnes) in cadmium emissions and an overall 
metals reduction of 93% since 1988, exceeding the recommendations set out in the Strategic 
Options Report. The final performance report of the P2 Notice indicated that total emissions of 
metals were reduced by 7 facilities but two facilities increased their total metal emissions when 
compared to 2005 levels (Figure 45) (Environment and Climate Change Canada, 2022f). All nine 
facilities with particulate matter targets met their 2008 reduction targets, and eight out of nine met 
their 2015 targets. 
 
Examples of the pollution prevention activities implemented were custom feed purchasing, or 
applying limits on the concentration of metals in secondary feed materials. Another example of 
good operating practices was paving or wetting unpaved roads on-site in order to reduce fugitive 
particulate matter emissions. Examples of effective pollution control measures implemented 
include replacing or upgrading equipment such as electrostatic precipitators to allow greater 
capture of particulate matter and metals at some facilities. In some cases, the captured 
particulate matter contained a lot of metals and so it could be recycled back into the production 
process (on-site recovery and reuse).  
 
Overall, the 2006 Pollution Prevention Planning Notice met its objective and contributed to a 
reduction in emissions of targeted toxic substances from the base year of 2005. Facilities 
implemented both pollution prevention and pollution control methods to achieve results. Factors 
to consider from the Notice, like the recommended practices of the Code of Practice and the 
Strategic Options report were taken into consideration by each facility in order to meet the risk 
management objective. Facilities that were subject to the 2008 and 2015 targets for targeted 
substances largely achieved them. As of December 31, 2018, all the facilities had considered the 
factors listed in the Notice and implemented air release limit targets. 
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Figure 45. Total emissions of metals for base metals smelting facilities subject to the P2 Notice.  

Performance Agreements 
On January 5, 2018, Environment and Climate Change Canada published Performance Agreements 
that focus on air pollutants from 11 base metals facilities owned by 5 companies, . These 
agreements, part of Canada’s Air Quality Management System, were intended to implement the 
base-level industrial emissions requirements for base metals smelting and refining facilities, for 
sulfur dioxide and particulate matter (see section 4.1.5 for more information on base-level 
industrial emissions requirements). Specific agreements between Environment and Climate 
Change Canada and these 5 companies are in effect from January 5, 2018 to December 31, 2025. 
 
These companies have agreed to achieve and maintain the emissions requirements for sulphur 
dioxide and particulate matter. They will make continual improvements (where reasonably 
feasible) with respect to further reducing emissions of sulfur dioxide and particulate matter. In 
addition, these companies committed to reducing emissions of metals and fugitive particulate 
matter (that is, particulate matter which escapes into the atmosphere rather than being released in 

https://www.canada.ca/en/environment-climate-change/services/environmental-performance-agreements/base-metal-smelters-overview.html
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a controlled way). The companies also agreed to continue to implement recommendations from 
the Environmental Code of Practice for Base Metals Smelters and Refineries. Achieving the facility-
specific particulate matter targets is expected to reduce overall particulate matter containing 
metals (including cadmium). 
 
Additionally, facilities agreed to:  

• participate in a working group with representatives from federal and provincial 
governments, other companies in the base metals sector, and the Mining Association of 
Canada, with a particular focus on releases of key metals, fine particulate matter and 
fugitive particulate matter 

• participate in bilateral discussions with Environment and Climate Change Canada to 
discuss reports and results and to identify possible methods to further reduce emissions 

• report on progress towards implementing applicable recommendations in the Code of 
Practice 

 
Working group activities such as regular meetings and bilateral discussions take place each year 
and will continue. Annual reports received by the facilities are reviewed by Environment and 
Climate Change Canada and verified to ensure any corrective actions are being addressed. 
 
Progress to date:  Annual reports for the 2021 calendar year were received from all of the 8 
participating facilities and these  facilities are meeting their BLIERs targets. In addition, each 
signatory has participated in working group meetings and bilateral discussions and continue to 
report on progress towards implementing applicable recommendations in the Code of Practice. In 
2021, reports submitted indicate that, on average, all facilities fully implemented 95% of applicable 
recommendations including three facilities that implemented 100% of their applicable 
recommendations. 
 
Findings and recommendations 
The 1994 Assessment indicated that the base metals smelting and refining sector was a large source 
of cadmium releases to the environment. These conclusions are supported by the information 
reported by NPRI and APEI. Since 1994, there have been a number of efforts to reduce environmental 
releases of cadmium to the environment from the base metals smelting and refining sector, both 
from a multi-sectoral approach and from an industry specific approach. Risk management actions 
relevant to cadmium for this sector have primarily been multi-pollutant emission control measures 
and have been consistent with the recommendations from the Strategic Options Report (see Annex 
1 for status of implementation of recommendations). This approach makes sense as most cadmium 
released to the environment from this sector comes from emissions of particulate matter. Releases 
to land and water are relatively minor in comparison. As noted in section 2, cadmium emissions have 
declined from this sector significantly since 1994. This is likely the result of both federal and 
provincial risk management efforts as well as other factors like closure of facilities, changes to 
production levels and feedstocks, and improvements to industrial operations. However, this sector 
is still by far the largest contributor of cadmium releases to air and more work needs to be done to 
continue reducing cadmium releases.  

Given that the 2018 Performance Agreements are still being implemented no recommendations are 
made for the sector at this time. The Performance Agreements will be assessed on their progress in 
reducing emissions, including metals such as cadmium, upon their completion in 2025.  
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4.1.1.2 Iron, steel, and ilmenite sector 
Iron and steel production are complex and energy intensive operations that have many steps to turn 
iron ore into iron concentrate in the form of pellets. These are reduced to produce pure iron and 
eventually become steel which is made up of a mixture of iron and carbon. Canada is an important 
producer of iron ore concentrate, iron and steel products.  

Iron ore concentrate production in Canada is made at two facilities, which both use a pelletizing 
process. Currently no sintering plants are operating in Canada.  

Iron production in Canada is performed in traditional integrated facilities, at one direct reduced iron 
facility and at one ilmenite facility. Steel is produced at all these previously listed facilities and also 
at non-integrated mills which use scrap metal with some purchased iron into electric arc furnace to 
produce steel. Traditional integrated mills use a blast furnace fed with coke and iron ore pellets to 
produce iron and the iron is fed to the basic oxygen furnace. The direct reduced iron mill is coupled 
with an electric arc furnace with scrap and direct reduced iron to produce steel. Ilmenite ore is 
processed in a similar way to make titanium slag and iron and steel as a by-product. Integrated mills 
direct reduced iron facility, ilmenite facility and non-integrated facilities produce a wide diversity of 
products including bars, rods, rails, structural shapes, plates, sheets, pipes and tubes and wire rod.  

Cadmium and other metals can be present as trace elements in the raw materials such as coal (used 
to produce the coke in the coke oven batteries), iron ores, and recycled scrap metals. Metals can be 
released to both air and water during sintering, iron ore pelletizing, coke making, operation of blast 
furnaces and basic oxygen furnaces, operation of electric arc furnaces, and finishing processes 
such as coating or galvanizing. The iron and steel sector is consistently in the top 8 sectors for 
cadmium emissions since 2002 and some of the facilities mentioned in the Notice are among the 
top 20 cadmium emitters (median of releases to air) since 2004, according to NPRI. 
 
A Strategic Options Report Issue Table worked between 1995 and 1996 to assess potential options 
for the management of toxic substances released by the sector. The primary release pathways 
considered in the report were air and wastewater effluent. A range of pollution control measures 
were considered in the report from voluntary programs to federal regulation. Overall, it was 
recommended that there should be enhanced voluntary programs, non-regulatory environmental 
performance standards, backed up by potential regulatory requirements.  

Relevant to cadmium, the Strategic Options Report made the following recommendations: 

Recommendation #4 – metal emissions to air: reduce emissions of toxic metals through the 
adoption of a CCME Code of Practice by December 1998 that includes emission guidelines; 
standardized emissions measuring, monitoring and reporting practices; and best management 
practices for achieving continuous improvement in design, operation and maintenance of air 
pollution control systems. Additionally, source-specific targets and schedules should be developed 
for two facilities.  

Recommendation #5 – metal effluents to water: reduce wastewater releases of toxic metals from 
non-integrated mills through the development and adoption of a CCME Code of Practice by 
December 1998 that includes effluent release guidelines; standardized effluent measuring, 
monitoring and reporting practices; and best management practices for achieving continuous 
improvement in the design, operation and maintenance of water pollution control systems. No 
recommendation was made for wastewater effluents from integrated mills since it was expected 
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that facilities would already be implementing best available technologies and practices to control 
releases of metals by 1998. 

Recommendation #7 - emissions from sintering plants: develop an enhanced voluntary program 
to reduce emissions of dioxins and furans, arsenic, cadmium, lead and mercury at the Algoma 
Sintering Plant by December, 1997. This program would include emission reductions targets and 
schedules for these substances and be consistent with the Toxic Substances Management Policy. It 
was also recommended that an emission management program be conducted at the Stelco Hilton 
Works Sintering Plant and that the results be reported to the Province of Ontario and Environment 
Canada.  

Recommendation #10 – pollution prevention plans: steel manufacturing sector facilities should 
prepare and implement pollution prevention plans.  

Recommendation #12 – ministerial review: the Government of Canada should develop a report on 
the implementation and effectiveness of the recommendations and relevant provincial toxics 
management programs that is submitted to the Ministers of Environment and Health by March 1999, 
so that regulatory action or further non-regulatory action can be taken, as appropriate.  

Environmental Codes of Practice for Integrated and Non-integrated Steel Mills 
Published in 2000, these Codes of Practice were developed to address the recommendation in the 
Strategic Options Report for the sector. The Codes identify minimum environmental performance 
standards for steel mills and provide a set of environmental performance goals for existing mills to 
achieve through continual improvement over time. They recommend measures and best practices 
to control and minimize the releases of certain toxic substances from steel mills as well as 
performance standards for air emissions and effluent quality. At the time of publication, there were 
5 integrated and 12 non-integrated mills  operating Canada. One integrated mill was closed following 
publication of the Code of Practice. 

The Code of Practice for integrated steel mills sets out guidelines and targets for emissions of 
particulate matter from different parts of the steel manufacturing process and monthly average 
effluent guidelines for cadmium of 0.1 mg/L.  

The Code of Practice for non-integrated steel mills identifies good environmental protection 
practices for various production processes and operations of a non-integrated steel plant, with air 
emission and water effluent considerations as the highest priorities. It also includes multimedia and 
other considerations consistent with a comprehensive and life cycle approach to environmental 
protection. In terms of metal releases to air, the Code recognized that effective control of particulate 
emissions would result in reductions of metal emissions from the sector.  

Progress to date: No formal instrument-based performance measurement was conducted; 
however, Environment Canada contracted a third-party review of the iron and steel sector in 2003. 
The report indicated that the degree of implementation of the Code of Practice recommendations 
varied substantially across the sector (Stratos Inc., 2003). Integrated mills reported a greater rate 
of implementation of relevant recommendations than non-integrated mills (Table 10) 
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Table 10. Overview of Code of Practice implementation (Stratos Inc., 2003) 

Recommendations 
Implemented 

Number of Integrated Mills 
(n=4) 

Number of Non-Integrated 
Mills (n=12) 

> 90% 3 0 
75% - 90% 1 3 
50% - 74%  0 6 

< 50%  0 2 
Insufficient information 

provided  0 1 

 

Implementation of control measures for waste and emissions from coke making were generally 
well implemented, but implementation of other atmospheric emissions management measures 
was mixed. Only 8 of 15 mills reported having ambient air monitoring programs with two monitoring 
metals. Implementation of measures related to water and wastewater management also was 
mixed; however, all mills reported that they met effluent guidelines for cadmium. All facilities 
reported having a formal environmental policy, although few facilities had reported having pollution 
prevention plan in place, applying life cycle management techniques, developing 
decommissioning plans, or establishing community advisory panels. Only one facility reported 
monitoring its implementation of the Code of Practice.  

Code of Practice to Reduce Fugitive Emissions of Total Particulate Matter and Volatile Organic 
Compounds from the Iron, Steel and Ilmenite Sector 

This Code of Practice recommends best practices to control and limit fugitive (unintentional and 
uncontrolled) air emissions of total particulate matter and volatile organic compounds from 
facilities in the iron, steel and ilmenite sectors, with the objective of facilitating and encouraging 
continual improvement in environmental performance of fugitive total particulate matter and volatile 
organic compound emissions from steel mills. As noted, reducing emissions of particulate matter 
from this sector would also result in reductions in cadmium emissions. The Code of Practice was 
developed as part of the base-level industrial emissions requirements (BLIERs) process (see section 
4.1.5) and the final Code was published in May 2016. 

The Code identifies sources of fugitive emissions and makes recommendations to reduce them. It is 
complementary to the existing published steel Codes of Practice and forms an integral component 
of the Pollution Prevention Planning Notice for the sector discussed in the next section. Although 
there are no reporting requirements under this Code of Practice, as part of the P2 Notice, facilities 
will report on the implementation of the recommendations. Performance measurement for this risk 
management measure is undertaken jointly with the P2 Notice. 

Iron, steel and ilmenite sector: Pollution Prevention Planning Notice 
The Notice is in effect from May 6, 2017, to June 1, 2028 and requires iron, steel and ilmenite facilities 
to prepare and implement a pollution prevention plan in respect of sulphur dioxide (SO2), nitrogen 
oxide (NOX), and volatile organic compounds (VOC). The Notice includes targets for SO2 and NOx 
and facilities have to consider implementing best practices to reduce fugitive VOC emissions where 
appropriate and practicable in developing their plans. Facilities need to report annually on progress 
made to develop and implement their P2 plans. There is not a formal reporting requirement in the P2 
Notice to report emissions of fugitive total particulate matter because it is not listed as a toxic 
substance on Schedule 1 of the Canadian Environmental Protection Act. In order for a substance to 
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be listed in a P2 Notice it must be listed on Schedule 1. Nonetheless, the P2 Notice is expected to 
reduce fugitive total particulate matter emissions because they are covered by the Code of Practice, 
which is a factor that facilities must consider in developing a P2 plan. In summary, the P2 Notice will 
inform on NOx and SO2 emissions and in addition to this, the implementation of the 
recommendations found in the Code of Practice with regards to fugitive VOCs will be monitored via 
the P2 Notice. The implementation status of fugitive total particulate matter recommendations of 
the Code will be collected via a voluntary survey. Many of the recommendations in the Code target 
both VOCs and total particulate matter. 
 
In implementing measures to control air emissions and fugitive air emissions, there may be co-
benefits realized for total particulate matter and therefore for cadmium emissions. Overall, facilities 
are expected to meet the Code of Practice’s objectives for fugitive particulate matter through the 
implementation of their P2 plans.  
 
Progress to date: 1 facility out of 14 facilities subject to the Notice is officially closed. All 13 facilities 
subject to the notice submitted their declaration of preparation and their first and second interim 
progress reports for the year of 2017, 2018 and 2019, respectively.  
 
The BLIERs targets for the iron and steel sector are to be met in various timelines depending on the 
substance and the type of facility. These targets are assessed annually and the results are published 
on Environment and Climate Change Canada’s website. 
 
Findings and recommendations 
The Government of Canada has put in place measures to reduce releases of cadmium from the iron, 
steel and ilmenite sector through implementing measures to control releases of total particulate 
matter. This approach is logical given that overall, toxic metals are primarily released to the 
environment from this sector as part of particulate matter. It is difficult to assess the success of 
these measures since most were voluntary and did not require reporting. NPRI and APEI data show 
a decline in releases beginning in the mid 2000s, suggesting it is not related to the implementation 
of the Codes of Practice. The decline in releases continues steadily since that time without 
significant change following the introduction of the 2016 Code of Practice or 2017 P2 Notice. 
 
Most of the recommendations from the Strategic Options Process have been implemented through 
the development of codes of practice and P2 plans (see Annex 1 for status of implementation of 
recommendations). While the Code of Practice for integrated mills set a guideline for cadmium in 
wastewater effluent, it is unclear whether facilities are meeting this guideline since there are no 
reporting mechanisms. However, evidence indicates that facilities are generally implementing the 
Codes of Practice. Iron, steel and ilmenite facilities meeting NPRI reporting thresholds are required 
to report their releases to municipal sewer systems as transfers to wastewater treatment plants and 
also need to comply with municipal bylaws which generally have minimum water quality criteria for 
industrial effluent. It is recommended that further evaluation of the effectiveness of the Code of 
Practice and BLIERS targets to minimize releases of cadmium and other metals be considered 
following an analysis of the results of the voluntary survey. 
 
4.1.1.3 Cement 
Cement is made by heating up a mixture of crushed limestone, clay, and sand and then grinding the 
mixture into a fine powder to which other ingredients may be added, depending on the purpose of 

https://www.canada.ca/en/environment-climate-change/services/pollution-prevention/planning-notices/performance-results/iron-steel-ilmenite-sector-overview.html
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the cement. This manufacturing process uses a coal/petcoke or gas fired kiln and requires very high 
temperatures. Sometimes, other material can be used as a fuel source to heat the kiln. This could 
include using biomass waste materials as fuel such as biosolids, construction waste, non-recycle 
plastic, scrap tires, spent solvents, used oil, wood chips and wood bark. Stationary fuel combustion 
and solid waste disposal were identified as a potential source of cadmium pollution in the 1994 
Assessment. 

Metals, including cadmium, are released when cement is made, primarily due to the burning of fossil 
fuels or waste derived fuels to heat the kiln. Metals like cadmium are primarily emitted as a 
component of particulate matter. Fugitive emissions from equipment leaks and on-site materials 
handling, storage or transfer operations can also release cadmium to air. Metals releases to the 
atmosphere may increase when wastes or hazardous wastes are burned as fuel, depending on the 
concentration of metals in the waste material.  

The fate of metals in cement manufacturing has been widely studied. For almost all trace metals, 
more than 99% are captured in the finished product or in the dust collected by emission control 
technology (Inland Cement Ltd., 2000; St. Lawrence Cement Inc, 2001; U.S. Environmental 
Protection Agency, 1999). Dust captured is either recycled (usually by adding it back into the cement 
production process) or is sent to a landfill for final disposal. A study conducted by the United States 
Environmental Protection Agency found that the average concentration of cadmium and some other 
metals was higher in dust made from kilns that burned hazardous waste than those that did not burn 
hazardous waste (U.S. Environmental Protection Agency, 1998). The average concentration of 
cadmium in dust found by that study was 9.7 mg/kg (minimum 0.005 mg/kg and maximum 44.9 
mg/kg). 

All cement plants in Canada are regulated through operating permits that in some cases integrate 
multi-media discharges within a single operating permit (Environment Canada, 2004). The Provinces 
of Alberta, Ontario and Quebec have regulations of general application or specific cement sector-
based regulations in addition to operating permits. 

National guidelines for the use of hazardous and non-hazardous wastes as supplementary fuels in 
cement kilns 

The development of national guidelines on the use of hazardous and non-hazardous wastes as 
supplementary fuels in cement kilns was commissioned by the Canadian Council of Ministers of the 
Environment (CCME) and was undertaken under the direction of the Wastes as Fuels Sub-
Committee of the Hazardous Waste Task Group. This Sub- Committee was composed of 
representatives from the federal and provincial governments, and the cement industry. The group 
decided to develop these guidelines because existing CCME guidelines for Operating and Emission 
Guidelines for Municipal Solid Waste Incinerators (1989) and National Guidelines for Hazardous 
Waste Incineration Facilities (1992) were not considered to appropriately address incineration of 
waste in the cement production process. The guidelines were published in 1996 with the intent to 
supplement applicable national and provincial regulations and guidelines. Recommendations were 
provided on: criteria for the selection of wastes; handling and storage of wastes; emission limits; 
testing and monitoring requirements; solid residue management; and reporting requirements.   

The guidelines specify metal emission guidelines for the sum of Class III Metals (mercury, cadmium 
and thallium) of 0.15 mg/m3. For the management of cement kiln dust collected by emission control 
measures, the guidance recommends that the leachate from the dust be tested for metals 
concentrations.   
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Progress to date: These guidelines were voluntary and their performance has not been measured.  

A joint industry-government study was conducted at a Canadian cement plant to find out the 
impacts of burning wood waste as fuel on emissions (Lapointe & Goyer, 1997). The amount of heavy 
metals was tracked in the kiln feed, clinker, collected cement kiln dust, and emissions. Emissions 
of key parameters were characterized when the kiln burned wood treated with various preservatives 
and untreated wood. The study found that all categories of metals exiting the stack were below the 
maximum allowable levels set in the 1996 national guidelines.  

Relevant information was also reported in the Foundation report on the cement manufacturing 
sector (Environment Canada, 2004). This report was developed to compile information on the sector 
for consideration in the development of environmental release standards.  The report noted that in 
2000, wastes contributed approximately 5.5 percent of the fuel energy consumed by the Canadian 
cement sector. The fuel energy (Joules per tonne of clinker) contributed by wastes, however, 
declined 23 percent from 1995 to 2000, and the percentage of plants burning wastes also decreased 
to 47 percent from 56 percent in 1993. 

In 2001, six Canadian cement plants reported burning waste-derived fuels, three of which, burn used 
whole tires or tire-derived fuel. One plant burns petroleum coke and wastes as primary fuels. Waste-
derived fuels at one plant comprised 17 percent of the fuel consumption in 2001. 

More recent information collected showed that in 2009, eight Canadian cement plants reported 
burning waste-derived fuels, five of which, burn used whole tires or tire-derived fuel. Waste-derived 
fuels accounted for 9.1 percent of fuel consumption within the Canadian cement sector in 2009, in 
comparison to 3.0 percent in 1990.  

Findings and recommendations 
In reviewing NPRI and APEI data, releases of cadmium from the cement sector are low in comparison 
with other sectors. The most likely release pathway for cadmium from the cement sector is through 
emissions of particulate matter. Existing provincial and national requirements and guidelines for 
facilities to implement emissions control measures for particulate matter appear to be effective in 
preventing cadmium releases to air, regardless of the fuel type used. Cadmium emissions have 
declined from this sector over time, although this is likely related to other efforts to reduce emissions 
of nitrous oxides and greenhouse gases from the sector and are not related to the national guidelines 
published in 1996. No further action is recommended to control cadmium releases from the sector 
at this time.  

4.1.1.4 Mining  
There are approximately 200 active mines in Canada including 143 metal mines and 5 diamond 
mines. Mining operations involve crushing large quantities of rock and using chemical processes to 
get valuable minerals like iron, copper, gold and other precious metals or stones. This process 
creates mine waste, including a liquid sludge, or effluent, that may contain substances that are 
harmful to fish. The effluent is treated to reduce the concentrations of these substances before being 
released into the environment. Cadmium may be released in the effluent from mining operations 
because it naturally occurs in the same rock as other minerals mined for industrial purposes like 
lead or zinc. Mining operations can also release cadmium to air in the dust created during the 
crushing and processing of ore.  
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Metal and Diamond Mining Effluent Regulations 
To protect water and fish habitat from pollution from mining operations, regulations under the 
Fisheries Act were put in place in 1977. The Metal Mining Liquid Effluent Regulations and Guidelines 
were intended to limit harmful substances from base metal, uranium and iron ore mines entering the 
environment.  

In 1993, the Assessment of the Aquatic Effects of Mining in Canada (AQUAMIN) was initiated in 
response to the federal government’s commitment to update and strengthen the Metal Mining Liquid 
Effluent Regulations (MMLER). The objective of AQUAMIN was to examine the effectiveness of the 
MMLER, by conducting an assessment of the environmental effects of mining, and to formulate, on 
the basis of this assessment, recommendations in three key areas: (1) amendments to the MMLER, 
(2) the design of a national environmental effects monitoring (EEM) program for metal mining, and 
(3) information gaps and research needs. AQUAMIN was directed by a Steering Group that included 
representatives of all stakeholder groups. The assessment of the effects of metal mining on aquatic 
ecosystems in Canada included a review of over 700 reports related to more than 95 Canadian mine 
sites and detailed case studies for 18 sites. 

The recommendations of the report were considered and in 2002, the Metal Mining Effluent 
Regulations were put in place to cover all metal mines and require environmental effects monitoring. 
Environmental effects monitoring was intended to help inform possible future changes to the 
regulations based on the need for enhanced protection of the aquatic environment from risks posed 
by already regulated substances or new substances that would need to be regulated. These 
regulations also authorized the use of certain bodies of water for deposit of harmful substances.  

In 2018, the regulations were amended to cover effluents of diamond mines, lower the limits of 
harmful substances in mining effluents, strengthen acute lethality testing requirements for mine 
effluent and streamline environmental effects monitoring requirements. Reflecting these changes, 
the regulations were renamed to the Metal and Diamond Mining Effluent Regulations (MDMER). The 
regulations were amended again in 2021 to require acute lethality testing for invertebrate species for 
deposits of saline (saltwater) effluent into marine environments.  

Today, the Metal and Diamond Mining Effluent Regulations help protect Canada’s lakes and rivers by 
setting strict limits on the quality of effluent that can be discharged by metal and diamond mines. 
The Regulations authorize the deposit of effluent into water frequented by fish and places referred 
to in subsection 36(3) of the Fisheries Act. Effluent must meet concentration-based limits for 
arsenic, copper, cyanide, lead, nickel, zinc, suspended solids, radium 226 and un-ionized ammonia. 
Effluent must also have a pH that is between a minimum and maximum level, and must not be 
acutely lethal. Cadmium was considered for addition to the list of substances with concentration-
based limits in the early 2010s but was not added because effluent characterization data at that time 
suggested that cadmium occurred only in effluents from a small number of metal mines and at low 
concentrations. At that time, it was determined that there would be little or no environmental benefit 
to adding cadmium to the list.  

Progress to date: The number of mines subject to the regulations has grown and more than doubled 
since 2002. In 2002, there were 73 and in 2019 there were 148 (143 of which are metal mines, and 5 
of which are diamond mines). The performance of the regulations is reported annually through the 
Canadian Environmental and Sustainability Indicators program. While cadmium is not one of the 
metals reported, the results of fish toxicity testing are reported. The report published in 2021 found 
that between 2003 and 2019, there was between 91.7 and 99.6% compliance with the regulatory 
limits for fish toxicity (Environment and Climate Change Canada, 2021a). However, compliance 
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rates have shown a declining trend since 2015, though still remain above 91%. An increase in the 
number of exceedances for several parameters, including nickel, zinc, TSS, and pH low, was 
observed in 2019. The majority of these exceedances occurred at a small number of mines. For 
example, a mine in Quebec was responsible for majority of the exceedances for nickel, zinc, pH≤6, 
and pH≥9.5. Observations on trends for years prior to 2019 are available in annual publications of 
the Status Report on the Performance of Metal Mines Subject to the Regulations. Compliance rates 
for effluent limits of other metals with regulatory limits were consistently above 98%. As noted in 
section 2.4.1, cadmium is detected in reference areas, effluent, and exposure areas at most mines. 
Cadmium levels and exceedances of freshwater quality guidelines have been declining over time; 
however, 38% of mines reported cadmium levels in exposure areas above long-term guideline values 
intended to protect aquatic environments and 14% reported levels above short-term benchmarks. 

In 2019, the Commissioner for the Environment and Sustainable Development published the results 
of an audit that focused on whether the federal government protected fish and their habitat from 
mining effluent at active mine sites in accordance with the Fisheries Act and the Metal Mining 
Effluent Regulations between 2009 and 2018. The audit overall found that there were steps taken to 
protect fish and their habitat from metal mining effluent, including enforcement actions to address 
non-compliance (Office of the Auditor General of Canada, 2019). Environment and Climate Change 
Canada was found to have met its requirements to monitor effluent and ensured that mining 
companies submitted data on the environmental effects of metal mining on fish and their habitat 
and on the cause of these effects. Data were verified by the Department to be complete and 
accurate, and the department used this information to help change limits for harmful substances. 
The audit also identified that further work on prioritizing inspections based on risk was needed, as 
well as inspections of non-metal mines.  

Environmental Code of Practice for Metal Mines  
The Code of Practice was designed to support the regulations controlling mining effluent as 
discussed above. It was published in 2009 and used the final AQUAMIN report as a starting point for 
its development as well as the Environmental Code of Practice for Mines that was published with the 
MMLER in 1977. The 2009 Environmental Code of Practice for Metal Mines applies to the complete 
life cycle of mining, from exploration to mine closure, and recommends environmental management 
practices to reduce environmental concerns. The practices that this code recommends include the 
development and implementation of environmental management tools, the management of 
wastewater and mining waste, and the prevention and control of environmental releases to air, 
water, and land. The objective of the Code is to identify and promote recommended best practices 
in order to facilitate and encourage continual improvement in the environmental performance of 
mining facilities.  

Progress to date: The implementation of the recommendations in the Code of Practice is voluntary 
and is not tracked by Environment and Climate Change Canada. 

Findings and recommendations 
Federal risk management actions for the mining sector have been focused on controlling releases of 
harmful substances to water from mining effluent. These measures have generally been effective in 
reducing acute toxicity from mining effluent and most mines are compliant with the regulations. The 
concentration of cadmium in mining effluent has decreased since 2002, likely as a co-benefit of 
effluent discharge limits imposed on other substances. However, cadmium levels in exposure areas 
were above long-term water quality guidelines values at one third of mines. The implications of these 
exceedances in terms of effects to fish and fish habitat should be examined further by looking at the 

https://www.canada.ca/en/environment-climate-change/services/managing-pollution/sources-industry/mining-effluent/metal-diamond-mining-effluent/data-annual-reports.html
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biological monitoring study results conducted by mines as part of Environmental Effects Monitoring. 
Cadmium was also detected in almost all mining effluents. The results of environmental effects 
monitoring are used as a science-based performance measurement tool to evaluate the adequacy 
of the MDMER in protecting fish, fish habitats and the use of fisheries resources. A complete 
assessment of the results will support the Department in determining if further consideration of risk 
management measures for cadmium in mining effluent is warranted. It is recommended that 
Environment and Climate Change Canada review all available data and consider further risk 
management to control cadmium releases from mining effluent, as appropriate.  It should be noted 
that there is some uncertainty around the releases of cadmium reported to NPRI for the metal and 
mineral production sector. This is because facilities may report under different primary NAICS codes 
depending on the activities conducted at the facility in a given year. Integrated facilities where mining 
and processing of ores and concentrates happen at the same site may report under different 
industrial sector codes depending on the year and which are the main activities occurring at the site. 
It is recommended that Environment and Climate Change Canada works to resolve this issue in 
consultation with industry and reporting facilities, as appropriate, to prevent misinterpretation of 
sectoral releases.  

4.1.2 Pulp and paper  
The pulp and paper sector produces a wide range of products by using wood chips and recycled 
paper products as their fibre source to make pulp. The pulp may be used to make paper products 
on-site or shipped offsite to other manufacturing facilities. 

Depending on the type of pulp and paper manufacturing process, mechanical and/or chemical 
means are used to transform the incoming fibre in the production of pulp and paper. The use of water 
and heat is commonplace. The majority of pulp and paper mills produce heat on-site through the 
combustion of spent cooking liquors, fuel oil, natural gas, wood wastes and byproducts of the 
pulping process such as tall oil soap and methanol. In some cases, biogas and biological solids are 
produced and combusted to recover heat. Some pulp and paper mills generate combined heat and 
power from spent cooking liquor and wood wastes to generate heat and electricity for on-site use 
and for sale on the electric utility grid. 

Wastewater generated from the manufacturing process is treated on or off site by primary, 
secondary and sometimes tertiary treatment before the effluent is discharged. 

The pulp and paper sector was not identified in the 1994 Assessment. However, in reviewing the 
release inventories noted in section 2, the pulp and paper sector appears to be a large contributor to 
cadmium releases to land and water, with smaller releases of cadmium to air. Further, some pulp 
and paper mills deposit effluent through a dedicated off-site wastewater treatment facility (this 
would be reported in the inventories as a release to water). However, those mills generally use pulp 
as their feedstock, and therefore the cadmium concentration from those mills are generally low. 

Pulp and Paper Effluent Regulations 
The Pulp and Paper Effluent Regulations were developed under the Fisheries Act in 1971 to manage 
threats to fish, fish habitat, and to human health from fish consumption. They limit the deposit of 
harmful substances into fish-bearing waters by pulp and paper mills. The Regulations were designed 
to encourage mills to modify their processes in order to improve water quality and protect fish, fish 
habitat and the use of fisheries resources.  

The 1971 Regulations differentiated between new, expanded, altered and existing mills. New, 
expanded and/or altered mills were subject to the prescribed limits. For mills already in operation, 
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the limits served as non-enforceable guidelines. In 1992, the 1971 regulations were updated to 
expand coverage to all mills, and to drive further effluent quality improvements based on standards 
achievable using secondary wastewater treatment. After a transition period, all mills became 
subject to the regulations in 1996. The regulatory standards have remained unchanged since. 

The Regulations set limits for the maximum quantities of biochemical oxygen demand matter (which 
consumes oxygen dissolved in water) and suspended solids that can be deposited from pulp and 
paper mills under prescribed conditions. The Regulations do not allow the deposit of any effluent 
that is acutely lethal to fish. The Regulations also contain requirements for mills to conduct 
environmental effects monitoring to identify effects of the effluent on fish, fish habitat and the use of 
fisheries resources. Facilities are required to submit monthly effluent reports that include the 
biochemical oxygen demand of matter in effluent, the quantity of suspended solids in effluent, 
effluent volume and summary results of rainbow trout acute lethality tests and Daphnia magna 
monitoring tests. 

Progress to date: Environment and Climate Change Canada publishes annual summary reports on 
the compliance and effluent discharge amounts of pulp and paper mills subject to the Regulations 
as well as environmental effects monitoring. Additionally, the performance of the regulations is 
measured through the Canadian Environmental and Sustainability Indicators (CESI) program.  

In 2019, 77 pulp and paper mills operating in Canada were subject to the Regulations. CESI reported 
that between 1985 and 2019, the quality of pulp and paper effluent released directly to the 
environment has improved (Environment and Climate Change Canada, 2022e). Tests for toxicity met 
regulatory standards 25% of the time in 1985 and 97.8% of the time in 2019 while tests for 
biochemical oxygen demand and total suspended solids met regulatory standards 68% and 60% of 
the time, respectively, in 1985. Both tests met the standards 99.9% of the time in 2019. 

However, the annual summary report prepared by ECCC also notes that mill final effluents showed 
sublethal toxicity impacts of growth and reproduction inhibition in laboratory test species in more 
than half of all tests conducted (Environment and Climate Change Canada, 2021b). The data from 
biological monitoring studies show that mill final effluents from 77% of the mills in operation in 2019 
have impacts on receiving environments. 

ECCC began consultations on possible ways to improve the regulations in 2017 and initiated 
consultations on proposed amendments to the regulations in 2019. The proposed amendments 
include new requirements for effluent characterization for metals and other substances and 
quarterly water quality monitoring studies, including metal monitoring (Environment and Climate 
Change Canada, 2019c). 

Findings and recommendations 
While the pulp and paper effluent regulations do not directly apply to cadmium, the pulp and paper 
industry is the second largest source of releases to water. Co-benefits may be realized from the 
implementation of measures that control overall toxicity of effluent from pulp and paper facilities, 
but there are not enough data to fully assess whether the existing risk management actions are 
beneficial for controlling cadmium releases. 

The approach to manage the risks of effluent from the pulp and paper sector has been effective at 
reducing acute toxicity of effluent; but has not been fully successful in mitigating the sublethal 
toxicity of effluent. While the cause of sublethal toxicity is not known at this time, it is recommended 
that Environment and Climate Change Canada implement the proposed measures to require 
effluent characterization and water quality monitoring studies from pulp and paper facilities. This 
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will be important for informing risk management for the sector and contribute to future performance 
measurement evaluations for a number of substances, including cadmium.  

4.1.3 Stationary fuel combustion 
This sector is broken up into two main categories, power generation and heating. Both were 
identified as sources of concern in the 1994 Assessment.  

4.1.3.1 Electric power generation sector 
Electricity in Canada is generated from a diversified mix of sources. In the long term, electricity 
generation tends to rise slightly every year in order to meet gradually increasing demand. In 2021, 
electricity generation amounted to over 627 million megawatt hours. By comparison, electricity 
generation totaled 467 million megawatt hours in 1990, an increase of 34% (Natural Resources 
Canada, 2020; Statistics Canada, 2022).  

The most important source in Canada is moving water, which generates 60% of electricity supply 
(Natural Resources Canada, 2020; Statistics Canada, 2022). Fossil fuels are the second most 
important source of electricity in Canada and together make up about 20% of the electricity supply. 
About 9.5% of electricity supply comes from coal, 8.5% from natural gas and 1.3% from petroleum. 
Nuclear power and non-hydro renewable sources like wind, solar and biomass make up the 
remaining electricity supply.  

Fossil fuel combustion releases particulate matter containing cadmium and other metals and 
pollutants. Coal combustion in particular contributes a large proportion of atmospheric emissions 
of cadmium, other metals, and particulate matter. Nuclear power generation and renewable 
electricity generation are not significant sources of cadmium releases. 

Fossil fuel generation is particularly important in Alberta and Saskatchewan, where several power 
stations have been built adjacent to large coal deposits. Fossil fuel generation is also important in 
the Atlantic Provinces, Northwest Territories and Nunavut. Ontario used to rely heavily on coal-fired 
generation; however, in April 2014, the last coal-fired generating capacity was shut down.  

In 1995, a Strategic Options Process Issue Table was formed to develop, where warranted, goals, 
targets, and effective and efficient options for managing releases of toxic substances from the 
electricity generation sector. The Issue Table agreed that management options for particulate matter 
would also effectively reduce emissions of cadmium and other metals since these toxic substances 
are primarily emitted as particulate matter. Only atmospheric emissions were considered by the 
Issue Table since provincial permits already control releases to solid and liquid waste.  

The Issue Table explored 15 risk management options and presented four broad categories for 
consideration: regulatory performance standards, emission caps, bubbles and trading, and 
agreements. The options are not mutually exclusive. The Issue Table was not able to agree on 
specific risk management recommendations due to diverging views on emission reduction targets 
and technical and economic feasibility of proposed emission reduction measures. However, there 
was general agreement between industry, stakeholders, and Environment Canada participants in 
the Issue Table on the application of an emission limit of 0.03 pounds of particulate matter per 
million BTUs of heat input (12.9 nanograms per Joule) for new facilities. 

New Source Emission Guidelines for Thermal Electricity Generation 
The New Source Emission Guidelines for Thermal Electricity Generation are a revised version of the 
former Thermal Power Generation Emissions - National Guidelines for New Stationary Sources 
which were issued May 15, 1993. The revised Guidelines were published in Part I of the Canada 
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Gazette in January, 2003 and set emission limit targets for new fossil fuel-fired electricity generating 
units.  

Under the guidelines, the hourly mean rate of discharge of particulate matter emitted into ambient 
air over a 720 hour period should not exceed 0.0095 kg/MWh net energy output. The guidelines also 
advise emissions testing and monitoring and recommend that the feasibility of emission reduction 
measures be assessed for existing units. 

Progress to date: The implementation of these guidelines is not tracked by Environment and 
Climate Change Canada. No significant changes in cadmium releases from the electricity 
generation sector were recorded in release inventories following the introduction of the guidelines. 
Environment and Climate Change Canada is planning to review and update the guidelines as 
required. 

Reduction of Carbon Dioxide Emissions from Coal-fired Generation of Electricity Regulations 
These regulations were published in September 2012 and came into force on July 1, 2015. They set a 
performance standard of 420 tonnes of carbon dioxide per gigawatt hour of electricity produced. The 
standard applies to new coal-fired electricity plants commissioned on or after July 1, 2015, and to 
existing units that have reached the end of their useful life as defined by the Regulations (generally 
45 to 50 years). Because cadmium is released during the combustion of coal, cadmium will also be 
reduced when facilities close.  

In December 2018, the Government of Canada published amendments to these regulations to speed 
up the phase-out of traditional coal-fired electricity by 2030. By then, all facilities are expected to be 
shut down, transitioned to firing or co-firing with lower emitting fuels, or converted to a carbon 
capture and storage system in order to meet the standard. In most cases, the more likely option is 
the closure of facilities, which would mitigate emissions of cadmium. The majority of emission 
reductions will occur in the period of 2020-2030, with only relatively small reductions having 
occurred before then.  

Progress to date: More data are needed to evaluate the success of these regulations. Emissions 
from this sector will continue to be monitored through reporting required under the National 
Pollutant Release Inventory, and the Air Pollutants Emissions Inventory will be kept updated for coal-
fired electric power generation until this activity is phased out in Canada. Analysis of release 
inventory data shows that cadmium releases from this sector have already declined substantially 
from 2012 (4.01 tonnes in 2012 to 2.51 tonnes in 2020). 

4.1.3.2 Commercial, residential, and industrial heating 
Emissions from this sector are primarily from burning oil, natural gas, firewood or other fuel sources 
used for heating in commercial establishments, health and educational institutions, 
government/public administration facilities, residences and construction sites.  

No federal risk management measures have been put in place to address releases from these 
sources and releases have remained relatively unchanged over the 1994-2020 period.  

Findings and recommendations 
Electricity produced using coal combustion is a source of cadmium releases to air. Actions to reduce 
particulate matter emissions from coal-fired power plants will result in reductions in cadmium 
releases. Recalling the 1994 Assessment listing of stationary fuel combustion as a sector of concern, 
actions to reduce particulate matter are appropriate and link directly with the one area of agreement 
in the SOP report.  

https://laws-lois.justice.gc.ca/eng/regulations/SOR-2012-167/index.html
http://gazette.gc.ca/rp-pr/p2/2018/2018-12-12/html/sor-dors263-eng.html
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With the transition to renewable electricity sources and implementation of measures to reduce 
emissions of greenhouse gases and other pollutants, there has been a reduction of cadmium 
emitted from the sector as a co-benefit. The phase-out of coal-fired electricity by 2030 will minimize 
cadmium emissions from this sector to the lowest extent possible, and support progress in meeting 
the environmental and risk management objectives. 

Actions for this sector have been largely focused on coal-fired power plants as they are large emitters 
of greenhouse gases. Unfortunately, the issue of commercial, institutional, and residential fuel 
combustion (that is operation of boilers or home firewood burning for heating) has largely remained 
unaddressed at the federal level. This sector is a large contributor to overall cadmium releases 
because it releases a lot of particulate matter through relatively uncontrolled burning.  

It is recommended that Environment and Climate Change Canada conduct further investigation into 
cadmium releases from heating in conjunction with provincial and territorial governments as 
appropriate. 

4.1.4 Waste and municipal biosolids 
Cadmium may end up in waste as the result of use in industrial or manufacturing processes, 
disposal of batteries and electronic devices or other products. As noted in section 2.3.2 cadmium 
can also be present in municipal biosolids following the treatment of wastewater containing 
cadmium that enters the municipal sewer system from commercial, industrial and residential 
sources. Municipal biosolids may be applied to land, used as a fuel source, or sent to landfills for 
disposal depending on their quality.  

Cadmium may accumulate in soil upon repeated applications of municipal biosolids to land. If 
cadmium is present in biosolids at elevated concentrations and they are improperly applied to land, 
this may lead to health and environmental concerns. Most jurisdictions have regulations that include 
limits for metal concentrations for municipal biosolids that are applied to land and limits for metal 
concentrations in the soil. These are usually similar to regulatory limits for metals in chemical 
fertilizers or other soil improvement products.  

The 1994 Assessment indicated that solid waste disposal and sewage sludge application were 
sources of release of cadmium to the environment. At that time, there was little information on the 
nature of the waste and the amount of bioavailable cadmium that could potentially be released. As 
municipalities improve, install and upgrade wastewater treatment systems, the amount of 
municipal biosolids produced has increased over time and will likely continue to increase, as the 
minimum wastewater treatment standards are implemented following the coming into force of the 
Wastewater Systems Effluent Regulations in 2015.  

4.1.4.1 Solid waste  
In Canada, the responsibility for managing and reducing waste is shared among federal, provincial, 
territorial and municipal governments. Municipal governments manage the collection, recycling, 
composting, and disposal of household waste, while provincial and territorial authorities establish 
waste reduction policies and programs, approve and monitor waste management facilities and 
operations, including hazardous waste management facilities. Since cadmium may be present in 
hazardous waste and hazardous recyclable materials, their sound management contributes to risk 
management efforts. 

For its part, the federal government complements the activities of the other levels of government by 
controlling international and interprovincial movements of hazardous waste and hazardous 
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recyclable material, as well as identifying approaches and best practices that will reduce pollutant 
and greenhouse gas emissions from the management of waste.  

Through a wide variety of programs, the federal government provides funding for pilot projects, 
community activities and major infrastructure in order to reduce waste sent to landfills and improve 
how Canada manages its resources. It also collaborates with provincial, territorial, municipal and 
Indigenous partners to develop and implement standards on matters of mutual concern such as the 
management of plastics and mercury from used fluorescent lights. Under the Canadian Council of 
Ministers of the Environment, environment ministers from the federal, provincial and territorial 
governments work together to improve waste reduction policies and practices across Canada.  

National Guidelines for Hazardous Waste Landfills 
This document was commissioned by the Canadian Council of the Ministers of the Environment in 
2006 to establish guidelines for engineered hazardous wastes landfill facilities. The guidelines are 
intended to provide a reference on the basic design, operating and performance requirements for 
use by the various federal, provincial and territorial regulatory agencies, and designers, owners and 
operators of engineered hazardous waste landfill facilities in Canada. They do not set thresholds for 
concentrations of contaminants in waste or in leachate, rather they recommend performance 
criteria for regulating authorities to consider in municipal or provincial permitting and reporting 
programmes.  

Progress to date: The implementation of these guidelines is not tracked. According to NPRI data, 
industrial facilities have reported more cadmium waste has been transferred offsite for treatment 
over time. At the same time, more cadmium waste has been landfilled by hazardous waste treatment 
facilities. Reported releases to the environment from hazardous waste treatment facilities have 
remained stable or decreased slightly over this period. However, since there is no reporting 
conducted under the voluntary guidelines, it is difficult to directly link release inventory data to 
guideline implementation. 

 Export and Import of Hazardous Wastes and Hazardous Recyclable Materials Regulations 
The first Export and Import of Hazardous Wastes Regulations came into force on November 26, 1992, 
under the former CEPA. These regulations were replaced by the Export and Import of Hazardous 
Waste and Hazardous Recyclable Material Regulations in November 2005. The Regulations establish 
a permitting regime to control and track transboundary movements of hazardous waste and 
hazardous recyclable material between Canada and other countries.  

The regulations were amended in 2012, mainly to address some minor clarity issues and 
inconsistencies that were identified in the regulatory text by the Standing Joint Committee for the 
Scrutiny of Regulations. The regulations were further amended in 2016 to strengthen Canada’s 
ability to meet two of its obligations under the Basel Convention: the obligation to seek the consent 
of importing and transit countries for any export from Canada of waste or recyclable material subject 
to the Basel Convention, including household waste; and the obligation to take or send back 
shipments that cannot be completed as planned.  

Wastes containing cadmium are considered hazardous under these regulations. Additionally, the 
regulations require material under a certain size to be evaluated using a leachate characterization 
test. This testing evaluates the mobility of a number of contaminants that may be found in waste and 
recyclable material and their potential for release. If the leachate testing shows that cadmium is 
present in concentrations equal to or greater than 0.500 mg/L, then it is considered to be hazardous.  
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Progress to date: These regulations were repealed in 2021 with the introduction of the Cross-border 
Movement of Hazardous Waste and Hazardous Recyclable Material Regulations. No instrument-
based performance measurement information is available for these regulations. However, 
shipments of hazardous waste and recyclable material containing cadmium are tracked under these 
regulations. Data on the number of shipments of hazardous waste and hazardous recyclable 
materials containing cadmium are available from 2010-2021; however, the data does not specify 
how much cadmium is contained in any particular shipment, as the shipments are typically made 
up of more than one hazardous component.  

Reporting under these regulations has shown that most shipments are exports, and that the number 
of exports appear to have been slightly declining over time. Meanwhile, imports have been rising, 
particularly in the last two years. Imports are primarily destined for environmentally sound disposal 
operations, although recently, the number of shipments received for metal recycling or recovery 
operations have increased substantially. The majority of export shipments are destined for metal 
recycling and recovery operations with a smaller number of shipments sent for environmentally 
sound disposal. Most exports are sent to the United States, with fewer shipments to South Korea, 
Mexico, United Kingdom, and France. Imports have been received from Germany, Finland, 
Switzerland, Barbados, and Ireland.  

Cross-border Movement of Hazardous Waste and Hazardous Recyclable Materials Regulations 
The Cross-border Movement of Hazardous Waste and Hazardous Recyclable Material Regulations 
(XBR) came into force on October 31, 2021. These regulations aim to ensure that shipments of 
hazardous waste and hazardous recyclable material crossing Canada's international and 
interprovincial or territorial borders reach the intended destination to reduce releases of 
contaminants to the environment, in Canada and abroad. When the regulations entered into force, 
they consolidated and replaced three pre-existing regulations: the Export and Import of Hazardous 
Waste and Hazardous Recyclable Material Regulations, the PCB Waste Export Regulations, 1996, 
and the Interprovincial Movement of Hazardous Waste Regulations. 

The XBR consolidates and streamlines requirements set out in the previous regulations and bring 
clarity to the Canadian definitions for hazardous waste and hazardous recyclable materials and into 
alignment with those used internationally. They also provide the flexibility to track movements more 
efficiently using an electronic movement tracking system, and improvement management and 
overall administration of the regulations. Additionally, the new regulations help Canada to meet its 
obligations under international agreements14.  

One important update relevant to the risk management of cadmium is that the new regulations 
require more comprehensive testing of waste being shipped across provincial or international 

 
14 Canada’s international obligations and commitments respecting the management and transboundary movement 

of waste are comprised of the following instruments: Basel Convention on the Control of Transboundary 

Movements of Hazardous Wastes and their Disposal; Decision C(2001)/107/FINAL of the Council of the 

Organisation for Economic Co-operation and Development (OECD) Concerning the Control of Transboundary 

Movements of Wastes Destined for Recovery Operations; Agreement between the Government of Canada and the 

Government of the United States of America Concerning the Transboundary Movement of Hazardous Waste; 

Canada-US Arrangement on the environmentally sound management of non-hazardous waste and scrap subject to 

transboundary movement 
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borders. The new requirements close the gap on leachate toxicity testing so that all waste will need 
to undergo testing, regardless of the size of the material.  

Progress to date: The regulations have recently entered into force. Information will continue to be 
collected in the coming years to inform future risk management of cadmium.  

4.1.4.2 Municipal biosolids  
The framework for biosolids management is similar to that of waste management. Generally, 
municipal biosolids are managed similarly across Canada in that they are required to meet certain 
process and quality criteria in order to be used for specific purposes. For example, some 
jurisdictions have developed quality criteria for a range of parameters, including metals and 
pathogens.  

Provinces are responsible for setting policies for municipal biosolids. Each province has either 
developed its own policy or uses policies created in other jurisdictions. In the territories, federal or 
territorial agencies may have jurisdiction of facilities that generate municipal biosolids. The federal 
or territorial agency responsible for facilities, and relevant standards, requirements or guidelines 
may cover one or more aspects of the lifecycle of biosolids, including production, handling, storage, 
transport, beneficial use and disposal methods. The Canadian Council of Ministers of the 
Environment (CCME) has worked to support the harmonization of wastewater treatment and 
biosolids management across Canadian jurisdictions.  

At the federal level, the Canadian Food Inspection Agency (CFIA) regulates municipal biosolids if 
they are manufactured, imported, or sold in Canada as a fertilizer, compost or soil supplement, 
under the Fertilizers Regulations. The CFIA undertakes pre-market assessments of fertilizer 
products. Pre-market assessment consists of a detailed, science-based evaluation of product 
safety information and labelling. These assessments focus on evaluation of product safety towards 
humans, plants, animals and the environment. To assess a product, the Agency requires supporting 
information, which varies in scope depending on the nature of the product. The basic supporting 
information includes the product label, the manufacturing method, and a complete list of 
ingredients and source materials. For certain products, additional information may be required. This 
includes a detailed description of the physical and chemical properties of each ingredient, results of 
analytical tests that show freedom from biological and chemical contaminants, and/or a 
toxicological data package derived from either laboratory studies or scientific publications. 

Safety assessments are conducted by a team of highly qualified and trained evaluators. Safety 
evaluators examine all ingredients in a fertilizer or supplement, including the active components as 
well as the formulants, carriers, additives, potential contaminants and by-products that might be 
released into the environment as a result of the product's use and application to soil. The CFIA also 
examines unintended and potentially adverse effects of the application of the product. This includes 
bystander and worker exposure (for example retailer, farmer, homeowner), safety of food crops 
grown on land that has been treated with the product, impacts on animals and plants other than the 
target crop species, and ecosystem effects, including impact on soil, biodiversity, leaching to 
waterways, etc. 

The CFIA also monitors fertilizer and supplement products that are already available in the 
marketplace to verify their compliance with the prescribed standards. Across the country, the CFIA 
inspectors visit facilities, sample products and review labels. These efforts are focused on verifying 
that products satisfy the safety standards for biological and chemical contaminants (pathogens, 
heavy metals, pesticide residues, and dioxins and furans). Products found to be non-compliant are 



122 
 

subject to regulatory action, which may include product detention (stop sale) and, in severe cases, 
prosecution. 

Canada-wide Approach for the Management of Wastewater Biosolids 
The CCME developed an approach for the management of wastewater biosolids in 2012 to 
complement the Canada-wide Strategy for the Management of Municipal Wastewater Effluent. The 
approach and the supporting Guidance Document for the Beneficial Use of Municipal Biosolids, 
Municipal Sludge and Treated Septage present best management practices, and encourage the 
beneficial use and sound management of municipal biosolids across Canada based on four 
principles: 

Principle 1: municipal biosolids, municipal sludge and treated septage contain valuable 
nutrients and organic matter that can be recycled or recovered as energy. 

Principle 2: adequate source reduction and treatment of municipal sludge and septage 
should effectively reduce pathogens, trace metals, vector attraction, odours and other 
substances of concern 

Principle 3: beneficial use of municipal biosolids, municipal sludge and treated septage 
should minimize the net greenhouse gas emissions 

Principle 4: beneficial uses and sound management practices of municipal sludge and 
treated septage must adhere to all applicable safety quality and management standards, 
requirements and guidelines 

The approach and guidance document identifies and provides rationale for factors that jurisdictions 
may consider when designing a biosolids management program. The guidance also provides 
information for decision makers on when biosolids should be used for a beneficial use (for example 
energy production, compost and soil products, application to land as a soil conditioner for 
agriculture, forestry, or land reclamation) and how to mitigate potential environmental and human 
health concerns that may arise from the beneficial uses. Additionally, the guidance notes that in 
2005 the CCME set Guidelines for Compost Quality that include cadmium limits. These would apply 
to any biosolids intended for use as compost and are consistent with the Standards Council of 
Canada/Bureau de normalisation du Quebec content limits. 

Progress to date: The implementation of this guidance is not tracked. Reviewing NPRI data related 
to disposals shows that about half of the cadmium goes to landfills and about half goes to land 
application. The amount of cadmium disposed of by wastewater treatment operations has not 
changed substantially over time.  

Fertilizers Act and Fertilizers Regulations 
The Canadian Food Inspection Agency (CFIA) administers standards to ensure product safety and 
quality with respect to trace metal content, dioxin and furan contamination and pathogens under the 
Fertilizers Act and the Fertilizers Regulations. Legislation for fertilizers has been in place since 
around 1867. Most recently, the Fertilizers Act and Regulations were amended in 2020 as part of a 
modernization exercise to address deficiencies identified during a review of the regulations initiated 
in 2011. The regulations prohibit the manufacture, sale, and import of any fertilizer or supplement 
that contains any substance or mixture of substances in quantities that pose a risk to humans, 
animals, plants or the environment. Fertilizers developed solely for export are exempt from the 
regulations. The amendments additionally require manufacturers, importers, and exporters of 
fertilizers to register their products with the CFIA, unless they are on the List of Primary Fertilizer and 
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Supplement Materials or are otherwise exempt. Municipal biosolids that have been subjected to 
physical, chemical or biological treatment, or a combination of these treatments, sufficient to 
mitigate against the presence and effect of generally detrimental or serious injurious substances 
that may be associated with untreated forms of this material are exempted from registration 
requirements. However, they still must meet the quality standards (including content limits for 
cadmium, see section 2.3.2) set by the CFIA in Trade Memorandum T-4-93 in order to be sold or 
imported in addition to guidelines for use set by provinces and municipalities. Additionally, under 
the Fertilizers Act, fertilizers must not contain any substance that would leave in the tissues of a 
plant a residue of a poisonous or harmful substance.  

Progress to date: The 2013 evaluation of the fertilizers program reported an average of 77% 
compliance with the metals and lesser nutrient content of fertilizers inspected between 2009 and 
2012. It is too early to report on progress made following the new amendment, however; the 
amendments are expected to better position the CFIA to address emerging risks such as 
contaminants (chemical and biological), poor sources of primary materials, waste diversion into 
fertilizer streams, toxic residues in feed and food. CFIA will also be better positioned to contribute to 
addressing concerns over nutrient pollution, watershed contamination and eutrophication 
(oversupply of nutrients), which are often attributed to fertilizer use and contribute to climate 
change. The latter can impact the overall environmental sustainability of agricultural practices 
which, in recent years, has become a significant preoccupation of regulatory jurisdictions both 
domestically and internationally. This approach will also increase consistency in approaches 
between regulatory bodies in achieving broad Government of Canada environmental protection and 
sustainability objectives. 

Findings and recommendations 
Management of waste and biosolids is a complex multi-jurisdictional issue. Most direct actions for 
this sector are undertaken primarily at the provincial/territorial and municipal levels due to the 
division of federal and provincial powers. Federal efforts have been focused on providing support to 
harmonize waste and municipal biosolid management programs across Canada to ensure a 
consistent level of risk management.  

The CCME has encouraged governments to re-purpose municipal biosolids for beneficial uses, 
including application to land as fertilizer, compost or soil conditioners. One concern raised in the 
2013 CFIA evaluation of the fertilizers program was that the safety of waste-derived fertilizers 
containing trace metals, such as cadmium, depends largely on the usage pattern. The primary 
concern is over-loading the soil with contaminants as the maximum threshold amounts for fertilizers 
on the market are based on calculations using cumulative amounts over a 45-year time frame based 
on the usage directions on the product. The CFIA does not have the mandate to test soils and the 
maximum allowable concentrations set out in the standards are based on the underlying 
assumption that soils have not been previously contaminated. Runoff from land is thought to be a 
potential source of cadmium contamination contributing to threats to the recovery of the Southern 
Resident Killer Whale and its prey the Chinook Salmon (see section 4.2 for details). Additionally, 
water sampling conducted near agricultural sites had higher levels of cadmium than other sites. It is 
recommended that Environment and Climate Change Canada consider monitoring soil and surface 
water runoff to better understand the risks of cadmium to the environment.  
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4.1.5 Multi-sectoral actions 
Accelerated Reduction/Elimination of Toxics Program 
The Accelerated Reduction / Elimination of Toxics (ARET) program was led by the Government of 
Canada as a voluntary, non-regulatory initiative that targeted 117 toxic substances selected based 
on available toxicity, persistence and bioaccumulation data. One of the main goals of the program, 
was to use an open and inclusive process to encourage industry to take early action on toxic 
substances (Environment Canada, 2000). This was one of the first attempts to take action on a 
number of industrial sectors and the first relevant risk management action for cadmium. 

In 1994, the ARET Stakeholder Committee issued a challenge to eight industry sectors to voluntarily 
reduce by 90% or eliminate their releases of persistent, bioaccumulative and toxic substances and 
reduce all other toxic substance releases by 50% by the year 2000. The ARET committee could not 
agree on whether cadmium and a few other substances should be included in the group of 
persistent, bioaccumulative and toxic substances (category A substances), since there was not 
enough evidence at the time to say that cadmium was bioaccumulative. Instead, they decided that 
the challenge for substances that were toxic but not necessarily persistent and bioaccumulative 
(category B substances), should be to take “best efforts” to reduce emissions. For all substances, 
industry participants chose a base year after 1987 and reported reductions based on that year in 
addition to outlining their commitments in a publicly accessible action plan.  

Progress made: The Audit and Evaluation Branch of Environment Canada undertook an evaluation 
of the ARET program and concluded that the ARET challenge targets were met and in most cases 
exceeded (Environment Canada, 2000). However, the evaluation also found that the ARET initiative 
was not one of the main factors in motivating industry to reduce releases of toxic substances. Other 
factors such as regulations, modernization, and business decisions played a more important role. 
An additional issue with the ARET program identified in the evaluation was the choice of the base 
year. While the ARET program reported that cadmium emissions in 2000 were 76% lower than the 
base year (1987), a total reduction of 113 tonnes (Environment Canada 2003), the evaluation found 
that 87% of reductions reported for persistent and bioaccumulative toxic substances occurred 
between 1988 and 1993, before ARET was in place. This is also true for cadmium, where 87% of the 
reductions achieved occurred between the base year and 1995. Cadmium emissions further 
increased between 1995 and 1999 from 27.2 tonnes, peaking at 47.6 tonnes in 1997, before falling 
to 13 tonnes reported for year 2000, according to data reported to ARET.  

Another evaluation undertaken by academic researchers was critical of the success of the ARET 
program, largely due to its self-reporting of success (Antweiler & Harrison, 2006; Antweiler & 
Harrison, 2007). One of the primary indicators of success used in the Antweiler & Harrison papers 
was comparing the ARET-reported release values for substances with the release values recorded 
by NPRI. They suggested that for some substances, ARET participants made fewer release 
reductions than their non-ARET peers, and that the releases reported to NPRI were often much 
higher than those reported under the ARET program.   

Using the most current information available in NPRI, the methods of comparison used in the papers 
were replicated by Environment and Climate Change Canada as part of this performance 
measurement evaluation. It was found that, for cadmium specifically, ARET participants accounted 
for between about 95 to 99% of releases reported to NPRI annually, between 1994 and 2002. 
However, there were large variations in terms of the estimated release data reported to NPRI 
compared with the data reported to ARET. There may be a number of reasons for this, including 
corrections made by facilities as well as different emission factors or re-calculations that have since 
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occurred. Nonetheless, the overall trend in releases recorded by ARET and NPRI is somewhat 
consistent between 1995 and 1999. Both inventories noted an increase between 1995 and 1998, 
followed by a slight decrease. 

Despite its weaknesses, the ARET program did target the primary industrial sectors of concern 
identified in the 1994 Assessment and the primary release pathway, as well as engaging the sectors 
responsible for most releases of cadmium. Although the final ARET report notes a decline of 76% in 
releases of cadmium (Environment Canada, 2003), a closer examination of annual cadmium 
releases and NPRI data indicates that the voluntary program was not successful in reducing releases 
and is unlikely to have contributed to progress in achieving the risk management or environmental 
objectives for inorganic cadmium compounds. Nonetheless, the program may have helped to 
collect information, raise awareness about industrial releases of toxics, and engage industry in 
further dialogue about emission reduction measures. In particular, the Strategic Options Process 
that followed, used the data and information provided through the ARET program to help inform and 
develop the reports made by each Issue Table group. 

Multi-pollutant Emission Reduction Strategies 
The Canadian Council of Ministers of the Environment endorsed Canada Wide Standards for 
Particulate Matter and Ground-level Ozone in 2000. These standards set limits for ambient 
particulate matter less than 2.5 microns and ozone to be achieved by 2010. As part of the efforts to 
achieve these standards, the Ministers of the Environment agreed to a list of actions aimed at 
reducing pollutant emissions contributing to particulate matter and ozone. The actions included the 
development of comprehensive multi-pollutant emission reduction strategies (MERS) for key 
industrial sectors. This approach was taken in an effort to pursue integrated solutions to the 
problems of smog, acid rain, toxic release and climate change. To support this work, the Government 
put forward national, multi-pollutant emission reduction analysis foundation reports, that included 
technical feasibility studies of emission reduction options and costs, economic profiles, and input 
into development of sectoral actions and plans. 

The sectors identified for the development of a MERS include the electric power generation, base 
metals smelting, iron and steel, pulp and paper, lumber and allied wood products, concrete ready-
mix, and asphalt hot-mix sectors. The selection of these sectors was based on several factors, 
including the following: 

• These sectors are significant sources of direct emissions of PM and of the precursor pollutants that 
form PM and ozone, as based on best available information; 

• These sectors are common to most jurisdictions and affect many communities across Canada; 

• Effective action requires a multi-jurisdictional approach; and 

• Effective action can be initiated in the near-term. 

Several of the sectors identified for the development of a MERS are also sectors of concern for 
cadmium releases to air, including electric power generation, base metals smelting and iron and 
steel. 

Progress: No information was available on the MERS developed or on the success of this initiative. 
The Canada Wide Standards for Particulate Matter and Ground-level Ozone were replaced with the 
Canadian Ambient Air Quality standards under the Air Quality Management System. Provincial and 
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federal ministers of the environment15 agreed to implement a new Air Quality Management System 
in 2012 to guide work on air emissions across Canada to better protect human health and the 
environment. The Air Quality Management System is a comprehensive and collaborative approach 
by federal, provincial and territorial governments to reduce the emissions and ambient 
concentrations of various pollutants of concern. It provides a framework for collaborative action 
across Canada to further protect human health and the environment from harmful air pollutants 
through continuous improvement of air quality. 

Base Level Industrial Emissions Requirements 
A principle of the Air Quality Management System is that all significant industrial sources in 
Canada, regardless of where facilities are located, meet a good base-level of performance. Base-
level Industrial Emissions Requirements (BLIERs) were developed with this principle in mind. 
BLIERs are quantitative or qualitative emissions requirements proposed for new and existing major 
industrial sectors and some equipment types. BLIERs are focused on nitrogen oxides (NOx), 
sulphur dioxide (SO2), volatile organic compounds (VOCs) and particulate matter (PM). They are not 
designed to be the sole instrument used to improve air quality, but to support existing policy 
frameworks at federal and provincial or territorial levels. The federal government led a time-limited 
federal, provincial and territorial consensus-based process, with stakeholder involvement to 
develop BLIERs. A number of BLIERs expert groups that 
included industry and health and environmental non-governmental organizations were created 
to carry out this work. The federal government was to finalize the BLIERs through collaboration with 
provinces and territories and propose recommended BLIERs, where consensus could not be 
achieved. 
 
Cadmium may be a component of particulate matter released from some industrial sources. For 
this reason, BLIERs for some sectors are relevant to the overall risk management of cadmium in the 
environment. Reducing particulate matter emissions from key industrial sources will result in a co-
benefit of reducing cadmium releases to air. The sectors considered under the Air Quality 
Management System relevant to cadmium risk management based on the1994 Assessment or on 
the quantity of cadmium releases to air reported to NPRI and estimates by APEI are: base metal 
smelting, cement, iron, steel and ilmenite, and electricity generation. 
 
Progress to date: Environment and Climate Change Canada is implementing the BLIERs using a mix 
of regulatory and non-regulatory instruments. Some of these instruments were developed based on 
the BLIERs work and other instruments are the result of ECCC’s implementation of the Chemicals 
Management Plan, climate agenda or other programs. In some cases, regulatory instruments were 
introduced prior to 2012, to help reduce air pollutants from off-road vehicles and engines, such as 
those used in agriculture, construction, forestry, and mining applications. Performance 
measurement for the Air Quality Management System and instruments to implement the BLIERs is 
ongoing.  

As noted in sections 4.1.1.1 and 4.1.1.2, the BLIERs are integrated into risk management instruments 
for the base metals smelting sector and iron, steel and ilmenite sector. Facilities are working toward 

 
15 Although Québec supports the general objectives of the AQMS, it will not implement the system since it 
includes federal industrial emission requirements that duplicate Québec’s regulation. However, Québec is 
collaborating with jurisdictions on developing other elements of the system, notably air zones and airsheds. 
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implementation of the BLIERs and progress is being tracked by Environment and Climate Change 
Canada through annual reporting.   

Environment and Climate Change Canada’s Audit and Evaluation Branch recently undertook an 
evaluation of the Addressing Air Pollution Horizontal Initiative (AAPHI) – the cornerstone of the 
federal government’s approach to addressing air pollution. The Air Quality Management System is a 
central element of the AAPHI and BLIERs are a key element of the Air Quality Management System. 
The AAPHI Evaluation noted that despite some progress, certain planned mitigation measures had 
not moved forward to the extent originally envisioned and that less progress than planned had been 
made in developing and establishing some of the BLIERs. Several BLIERs expert groups did not 
achieve full consensus for some sources, sectors or pollutants. In other cases, consensus was 
achieved with all stakeholders or with federal, provincial and territorial governments, but no federal 
instrument was developed. As a result, instruments for a few sectors and pollutants were not 
developed at the conclusion of the BLIERs process. In response to the evaluation of the AAPHI, a 
report on the outstanding BLIERs was developed (Environment and Climate Change Canada, 
2022b). The outstanding BLIERs relevant to cadmium are electricity generation and cement.  

The report reviewed the actions taken and found that a significant portion of emissions from the 
electricity sector is already being addressed by federal and provincial measures, including the 
accelerated coal phase-out. The measures to phase-out coal-fired electricity go well beyond the 
original objective of BLIERs. In addition, recent announcements to achieve net-zero for electricity 
generation by 2035 will go even further to reduce air pollutants from most types of electricity 
generation. The report concluded that due to recent federal and provincial measures to address 
electricity generation, the original objectives for BLIERs will be achieved once all of the current and 
proposed measures for the sector have been fully implemented. 

For the cement sector, no consensus was reached among governments and stakeholders during the 
BLIERs process for both the grey and white cement plants for total particulate matter. No new federal 
instruments have been implemented that are currently addressing total particulate matter 
emissions from this sector, however, provincial governments address particulate emissions via 
operating permits. The provincial measures for total particulate matter meet the original objectives 
of the BLIERs, which were based on European standards as the leading jurisdiction. Alberta, Ontario 
and Quebec have particulate matter emissions standards and fugitive dust control regulations. 
These 3 provinces account for 85% of the total of total particulate matter sector emissions. British 
Columbia and Nova Scotia also have particulate matter emissions standards. The report concluded 
that provincial governments address particulate emissions through operating permits and that the 
BLIERs for total particulate matter from the cement sector are being addressed.  

Findings and recommendations 
Multi-sectoral actions are useful to target many substances across sectors. They also are effective 
at engaging with provinces and territories, industry and stakeholders to collect views and input; 
however, reaching consensus on issues is often difficult, and often results in lengthy working or 
expert group processes and delays in action. Little consolidated information has been made publicly 
available on the progress made under multi-sectoral actions, making it challenging to evaluate their 
usefulness. Performance measurement is still ongoing to monitor achievement of BLIERs. It is 
expected that with the full implementation of risk management measures, the BLIERs targets will be 
met in the near future. If multisectoral actions are to be continued, it is recommended that that the 
goals and targets of multisectoral actions are made publicly available, that there is a clear and 
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transparent method of tracking success in their implementation, and that progress is regularly 
tracked and reported.  

4.2 Domestic and international agreements and collaboration 

Canada Ontario Water Quality Agreement 
The Canada-Ontario Agreement on Great Lakes Water Quality and Ecosystem Health is the federal-
provincial agreement that supports the restoration and protection of the Great Lakes basin 
ecosystem. The Agreement outlines how the governments of Canada and Ontario will cooperate and 
coordinate their efforts to restore, protect and conserve the Great Lakes basin ecosystem. It is the 
means by which Canadian federal departments interact with the Ontario provincial ministries to help 
meet Canada’s obligations under the Canada-US Great Lakes Water Quality Agreement. 

The Parties signed their first agreement in 1971. Since then, the Great Lakes community has 
collaborated to implement nine subsequent agreements. Based on shared understanding and 
commitment, the achievements include significant reductions in persistent toxic substances and 
excess phosphorus, and the return of native species such as the bald eagle. 

Annex 2 of the agreement guides actions to reduce or eliminate releases of harmful pollutants into 
the Great Lakes basin. It contains commitments to cooperate on specific research, monitoring, 
surveillance and risk management actions related to Chemicals of Concern – a list of chemicals that 
Canada and Ontario agree are of concern to human health or the environment. 

The agreement signed in 1994 identified a group of chemicals in the Great Lakes Basin that were of 
concern and outlined actions to reduce and prevent releases. These chemicals were grouped into 
two categories: Tier 1 and Tier 2. Cadmium was listed as a Tier 2 chemical. Tier 2 chemicals have the 
potential to impair and cause widespread impacts in the Great Lakes Basin ecosystem, but less 
information is available about their persistence and toxicity in the environment and their impacts on 
human health than Tier 1 chemicals.  

Progress to date: In 2014, a review was undertaken to inform on the progress made in addressing 
chemicals under the agreement. It was found that although concentrations had decreased since the 
mid 1990s, in some areas, cadmium continued to exceed the water quality (20% of samples) and 
sediment guidelines (6% of samples) set by the CCME and the Province of Ontario. Cadmium 
concentrations in fish were below provincial consumption guidelines. Cadmium concentrations in 
air in the Great Lakes Basin were also examined as part of the review and found to be lower than the 
Ontario Ambient Air Criterion. Remediation activities were implemented under the Canada-Ontario 
Agreement that serve to manage and clean up contamination from cadmium and other chemicals at 
Areas of Concern and as components of Lakewide Action and Management Plans. Under the current 
Canada-Ontario Agreement signed in 2021, the focus remains on the Tier 1 chemicals as Chemicals 
of Concern where action was agreed to for these higher priority chemicals.  

To date, three Areas of Concern have been completely restored: Severn Sound, Collingwood 
Harbour and Wheatley Harbour. In order for a site to be considered fully restored, all remedial 
actions must be complete and monitoring results show that water quality and ecosystem health 
criteria have been met. Another two sites – Spanish Harbour and Jackfish Bay – are designated as 
Areas in Recovery, which means all required remedial actions are complete and the areas need more 
time for the environment to fully recover.  

Contaminated sediment management projects have been completed in Collingwood Harbour, 
Severn Sound, and Peninsula Harbour Areas of Concern. Projects to remediate contaminated 
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sediment are planned or are underway in Thunder Bay, St. Clair River, Hamilton Harbour and Port 
Hope Areas of Concern. 

Convention on Long-Range Transboundary Air Pollution 

Canada became a Party to the Protocol on Heavy Metals under the United Nations Economic 
Commission for Europe’s (UNECE) Convention on Long-range Transboundary Air Pollution (LRTAP) 
in 1998. The Protocol is a regional agreement covering most of the Northern Hemisphere, and 
requires Parties to reduce their emissions of lead, cadmium and mercury below 1990 levels, or for 
an alternate year between 1985 and 1995, inclusive. Although regional by geography, it is the only 
international agreement in place to address cadmium and lead, and provided the framework for the 
Minamata Convention on Mercury. It sets limits for emissions from listed stationary sources, sets 
standards for mercury content in products and requires countries to phase out leaded petrol 
(gasoline). Under the Protocol, guidance has been developed on best available techniques to control 
and reduce heavy metal emissions from the listed stationary sources. The Protocol also provides 
guidance on product management measures.  

Amendments were made to the Heavy Metals Protocol in 2012, to provide flexibility in 
implementation and encourage ratification from countries with economies in transition, notably 
countries in Eastern Europe, the Caucasus and Central Asia and Southeastern Europe.  

Progress to date: Implementation of the Heavy Metals Protocol has resulted in decreasing levels of 
lead, cadmium and mercury entering the environment from industrial sources in the European 
Union, Canada and the United States. Further decreases in emissions are expected upon ratification 
and implementation of the Protocol by countries in the Eastern Europe, Caucasus and Central Asia 
region and the Southeastern European region. While evidence indicates that cadmium is entering 
Canada through the transportation of airborne particulate matter originating in the United States, 
given that cadmium emissions do not generally travel between continents, it is unlikely that the 
ratification of the Protocol by new countries will result in declines in cadmium in Canada. That said, 
the United States has made particulate matter reduction commitments under the Gothenburg 
Protocol (another protocol under the LRTAP Convention) which could lead to further reductions in 
transboundary cadmium. The resulting overall improvements to health and ecosystems are still 
relevant and important to Canada.   

Canada submits inventory reports for the pollutants covered by the Heavy Metals Protocol, including 
comprehensive emissions inventories of mercury, lead and cadmium, in its annual submission to 
the UNECE. Current air emissions of lead, cadmium and mercury are well below Canada’s 1990 
emissions levels. Note that by 2008, Canada had reduced its emissions of lead, cadmium and 
mercury by more than 50% from its reference year (1990). For this reason, Canada is exempted from 
having to apply the emission limit values for new and existing stationary sources and best available 
techniques for existing stationary sources. 

Risk management actions for contaminants affecting endangered whales 
Several species of whales are listed as Endangered under Canada’s Species at Risk Act, including 
The Southern Resident Killer Whale (Orcinus orca). The Recovery Strategy for the Northern and 
Southern Resident Killer Whales lists environmental contaminants, ranging from persistent, 
bioaccumulative, and toxic organic pollutants (POPs) to biological agents, as a key threat to 
viability and recovery of killer whale populations. The Strategy recommends: 

• identifying and prioritizing key contaminants 

https://www.sararegistry.gc.ca/virtual_sara/files/plans/Rs-ResidentKillerWhale-v00-2018Aug-Eng.pdf
https://www.sararegistry.gc.ca/virtual_sara/files/plans/Rs-ResidentKillerWhale-v00-2018Aug-Eng.pdf
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• reducing the introduction of chemical pollutants into the environment 
• mitigating the impacts of currently used pollutants. 

 

The Strategy also identifies: 

• urban runoff and stormwater as a source of pollutants affecting Southern Resident Killer 
Whales (pesticides, metals, hydrocarbons, and animal wastes) 

• data gaps, including “The full range of anthropogenic environmental contaminants to which 
killer whales and their prey are exposed, over time and in space, with special attention paid 
to the identification of sources and the resulting effects of environmental contaminants on 
resident killer whales, their prey and their habitat”. 

 
The Action Plan for the Northern and Southern Resident Killer Whale provides a recovery measure 
that Resident Killer Whales and their prey be protected from pollutants from urban and agricultural 
runoff,16,17and recommends that key sources of pollutants be identified. 

Progress to date: Environment and Climate Change Canada is leading the Southern Resident Killer 
Whale Contaminants Technical Working Group, with members from all levels of government, non-
governmental organizations, academia, and representatives from Washington State, to support the 
development of measures to address the threat of contaminants to the survival and recovery of 
these whales. One of the objectives of the Contaminants Technical Working Group was to identify 
contaminants of concern for Southern Resident Killer Whales and Chinook salmon (Oncorhynchus 
tshawytscha), their primary prey. Cadmium was identified as a contaminant of concern for Chinook 
salmon and was also identified as such in the Recovery Strategy. Consideration of cadmium and 
other trace metals was based on potential toxic effects for salmon, even at relatively low 
concentrations. 

Another objective of the Contaminants Technical Working Group was to identify and evaluate the 
contributions of various contaminant sources to the Southern Resident Killer Whales, their habitat 
and their primary prey. The Pollutants Affecting Whales and their Prey Inventory Tool (PAWPIT) was 
developed to meet this objective.  

As noted in section 2, PAWPIT is a web application that includes a geospatial database of estimates 
of contaminant releases from point, mobile, and area sources as well as a contaminant load analysis 
for the Fraser River Basin. Geo-spatial data are visualized in a mapping tool with a graphic user 
interface that allows users to view and interact with data layers to: 

● estimate releases of priority contaminants for endangered whales18 and their prey; 

● identify and evaluate all known sources of contaminants in the habitats of endangered 
whales and their prey; 

 
16 Recovery Measures #75 and 76 
17 The Puget Sound Toxics Loading Study (2007-2011) found that polluted surface runoff was the most 
common pathway for pollutants to reach marine waters.  Puget Sound is part of the Salish Sea, into which the 
Fraser River Basin drains.  
18 Currently for Northern/Southern Resident Killer Whales and Chinook. Contaminants affecting St Lawrence 
Estuary Beluga and their prey are being evaluated 

https://publications.gc.ca/site/eng/9.828620/publication.html
https://www.canada.ca/en/environment-climate-change/services/wildlife-habitat/conservation-funding-success-stories/reducing-contaminants-threat-southern-resident-killer-whales.html
https://ecology.wa.gov/Water-Shorelines/Puget-Sound/Issues-problems/Toxic-chemicals


131 
 

● perform geospatial analyses of pollutants being released near habitats of whales and their 
prey, including hotspot identification per pollutant-type (for example PCBs, PBDEs, 
pesticides), or per source-type (for example wastewater treatment plants, mining 
operations, solid waste); 

● assess contributions from area sources such as urban surfaces and agricultural areas; 

● compare contaminant concentrations in ambient freshwater to environmental quality 
guidelines; 

● determine which sources or sinks require further evaluation (for example, sediments); 

● inform models that predict environmental fate of contaminants and estimate total 
maximum loads (the maximum amount of a pollutant that a water body can receive and still 
meet water quality standards); 

● evaluate how pollutants affecting whales change over time and space (as data becomes 
available). 

Findings and recommendations 
Collaboration with partners both domestically and abroad is important to address sources of 
cadmium releases beyond federal jurisdiction and protect species at risk. Success has been realized 
in terms of reducing releases and remediating contaminated sites in Ontario, although recent 
actions under the Canada-Ontario Agreement have been refocused on other contaminants. Risks 
from cadmium levels in the Great Lakes remain, and further action on cadmium should be 
considered in future iterations of the agreement. Internationally, progress has been made under the 
Convention on Long-range Transboundary Air Pollution, and Canada has reduced its cadmium 
emissions to be in compliance with the Convention commitments. Environmental data suggest that 
Canada may still be receiving cadmium from sources of release in the United States (see section 3). 
This issue may be relevant to consider in future revisions to the Canada-US Water Quality Agreement 
and the Canada-US Air Quality Agreement. 

4.3 Conclusion on risk management  

Actions have been taken to manage the risks of cadmium to the environment starting from the early 
1990s. Although none have targeted cadmium directly, they have resulted in decreases in releases 
of cadmium to the environment. Twenty-four relevant risk management measures have been put in 
place, 20 for sectors of concern identified in the 1994 assessment, and four for other sectors 
determined to be relevant based on the criteria noted in section 4.1. No relevant action was taken to 
reduce cadmium releases from the transportation sector, which was noted to be of concern in the 
1994 assessment. Cadmium has not been the primary target for any environmental risk 
management action; however, it is addressed through efforts to manage more broadly the release of 
metals and particulate matter from industrial sectors.  

Clear targets and objectives were only set for 11 of 24 instruments (Annex 3). Three achieved their 
objectives, one did not achieve its objective, and seven are in progress, so it is too soon to say 
whether they have been successful. There are no trends between successful instruments and trends 
in industrial releases, due to the small number of instruments that have been evaluated and 
determined to have met their objectives.   

Voluntary instruments accounted for one third of relevant instruments. In general, no objectives or 
targets were set for them and there was limited information available on their implementation as no 
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reporting was required. Integrating the reporting on the implementation of voluntary instruments into 
mandatory reporting under other risk management tools would provide useful information for risk 
management, as was done for the base metals smelting sector. Many of the voluntary codes of 
practice contain recommendations for the implementation of best available technologies and best 
environmental practices to reduce releases of cadmium and other substances. Information on their 
rates of implementation would inform risk managers whether further work is needed or if all facilities 
have worked to reduce their releases as much as possible. Additionally, a periodic review of the 
environmental codes of practice and guidelines should be conducted to keep current with advances 
in technologies or practices that can further reduce releases.  

It is difficult to evaluate the success of multi-sectoral risk management actions. The administration 
of such instruments is challenging and progress reporting is inconsistent. The benefit of multi-
sectoral actions is that many substances can be targeted across sectors to have a common goal.  

Collaborations with international and domestic partners are important for managing risks in areas 
beyond federal jurisdiction and for managing risks of toxic substances for migratory species.  

5 Risk communication  

5.1 Government communications on cadmium  

Informing Canadians of the risks of chemicals to the environment and what the government is doing 
to manage those risks is an important part of transparent government operations. It also helps 
people to know what actions can increase risk and what they can do to minimize risk. Environment 
and Climate Change Canada mainly communicates this information using online webpages, 
publications and news releases. 

The hub for most information about cadmium is the toxic substance webpage for inorganic cadmium 
compounds. The page for inorganic cadmium compounds provides an overview of the substance, 
sources of cadmium in the environment, and links to risk assessment documents, risk management 
tools, and other information. Data on the number of webpage visits are available since October 2019. 
The number of new visitors to this page has increased each year from 216 in 2020 to 275 in 2022.  

Information on past and present risk management and assessment activities under the Chemicals 
Management Plan is posted on the Chemical Substances webpage that is managed jointly by 
Environment and Climate Change Canada and Health Canada. Additionally, work under the 
Chemicals Management Plan is communicated to stakeholders who have registered for email 
updates. These mail-outs are public notifications of publications, opening of comment periods or 
other relevant information. For example, the Government published the Chemicals Management 
Plan approach for a subset of inorganic and organometallic substances for public comment 
(Environment and Climate Change Canada, 2022c). Stakeholders provided comments requesting 
further assessment of cadmium and cadmium compounds.   

Data collected by Environment and Climate Change Canada’s inventory and monitoring programs 
are made publicly available online on Canada’s Open Data Portal. These data are used in annual 
reporting of the Canadian Environmental and Sustainability Indicators for releases of hazardous 
substances to water and to air as part of commitments under the Federal Sustainable Development 
Strategy reporting. All of this information is also reported in the annual Canadian Environmental 
Protection Act reports along with information on the implementation of risk management 
instruments. The performance of individual risk management instruments is also posted on the 

https://www.canada.ca/en/environment-climate-change/services/management-toxic-substances/list-canadian-environmental-protection-act/inorganic-cadmium-compounds.html
https://www.canada.ca/en/environment-climate-change/services/management-toxic-substances/list-canadian-environmental-protection-act/inorganic-cadmium-compounds.html
https://www.canada.ca/en/health-canada/services/chemical-substances.html
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instruments’ web pages and on the CEPA registry. Additionally, the APEI publishes an annual report 
of emissions and the NPRI is currently developing a fact sheet on cadmium as well as on a number 
of substances and industrial sectors. The NPRI website shows the sources of cadmium releases in 
Canada and allow users to see point sources of release in their community. NPRI also recently 
developed an interactive dashboard  that allows users to interact with release data.  

Another interactive tool available to the public is the recently launched Pollutants Affecting Whales 
and their Prey Inventory Tool (PAWPIT). As noted in section 4.2, the PAWPIT web page is a user-
friendly, graphical interface that allows users to filter by pollutant-type, source-type, sub-basin, or 
generate regional pollution inventories for any set of coordinates within the area of interest. Users 
are able to view the critical habitat of Southern and Northern Resident Killer Whales and important 
Chinook Salmon conservation areas with an overlay of releases of pollutants, including metals. 
Locations and number of cadmium exceedances of the CCME guidelines at water quality monitoring 
stations are also able to be viewed on the map.   

Social media postings for cadmium have been relatively limited. Only two relevant postings were 
found to be made by Environment and Climate Change Canada since 2010, while Health Canada 
had 25 postings over the same time period. The first was part of the 2021 Protect Nature Challenge 
intended to engage the public in taking everyday actions to protect the environment. This campaign 
issued 31 challenges for individuals to take and encouraged people to share their progress in 
completing the challenges on social media. Challenge number 29 was to “Dispose of toxic 
chemicals, electronics, and lightbulbs properly”. The challenge noted that cadmium and other 
chemicals can be found in old electronics and provided information on where these items could be 
safely disposed. The second posting, from 2019, was related to the publication of the Canadian 
Environmental Sustainability Indicators interactive map which shows the status of water quality in 
Canadian rivers. Users can find which rivers monitor levels of cadmium and other contaminants. No 
data are available on social media engagement. 

5.2 Evaluation of efforts to communicate risks to the public 

In the 2018 audit undertaken by the Commissioner for Environment and Sustainable Development, 
it was found that Environment and Climate Change Canada had undertaken limited public 
communication activities on environmental risks from toxic substances. The audit recommended 
that Environment and Climate Change Canada and Health Canada work together to develop 
communication activities that address both environmental and human health issues.    

5.3 Findings and recommendations 

The information available on risks of cadmium to the environment on Environment and Climate 
Change Canada’s webpages was found to be spread across many pages and different 
communications material. This may make it difficult for the public to find information about 
environmental risks of cadmium relevant to them. Newly developed interactive pages are becoming 
more easily accessible and are useful to provide engaging visual information that can be filtered to 
levels of interest to individuals. While environmental datasets are publicly available, without 
scientific analyses, these data are not accessible for a general audience and do not provide 
meaningful information about levels of toxic substances in the Canadian environment.  

Environment and Climate Change Canada’s social media postings related to cadmium and its risks 
to the environment have been minimal. In the same period of time, Health Canada had a number of 
social media postings relevant to risk management actions taken to reduce the risks of cadmium in 
consumer products. Despite this, the public has shown an interest in cadmium as a toxic substance, 

https://www.canada.ca/en/environment-climate-change/services/national-pollutant-release-inventory/tools-resources-data/all-year-dashboard.html
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as demonstrated through visits to the Risk Management Toxic Substance webpage and commentary 
on risk assessment work.  

It is recommended that: 

• the Risk Management of Toxic Substances webpage for cadmium should be the hub for environmental 
information about the substance and include links to the relevant resources and tools. This page was 
found to be out of date during the evaluation and was updated as part of this work. Environment and 
Climate Change Canada should continue to maintain the page and ensure that its content is up-to-
date and in plain language for Canadians to understand. Information in one centralized location would 
help to decrease confusion amongst users and allow for easier access to important information on 
risks of cadmium; 

• information on levels of cadmium measured in the environment and an interpretation of the results, 
should be more accessible to the public; 

• the Government should track the frequency, successfulness and level of engagement of social media 
postings and work to improve messaging, as applicable, to better inform Canadians of environmental 
risks. Tracking of webpage visits should continue to provide information for future evaluations; 

• increased targeted communication products (infographics, fact sheets, videos) to educate and 
communicate environmental risks of cadmium should be produced in plain language and be easily 
accessible. 

5.4 Conclusion on risk communication 

There have been few communications materials published on cadmium in the environment and 
associated environmental risks. Communication is expected to improve as Environment and 
Climate Change Canada and Health Canada work together to develop a coordinated 
communications approach as recommended by the 2019 audit. Ongoing work to improve public 
access to data including more user-friendly dashboards will further help Canadians to understand 
the risks of toxic substances, their sources, and actions that they could take to help prevent 
pollution.  

6 Evaluation of the effectiveness of cadmium risk management  

6.1 Effectiveness of the risk management approach  

In evaluating the effectiveness of the risk management approach, the first step is to determine 
whether the Government has taken action to address the risks of inorganic cadmium compounds 
and whether the actions were targeted to the sectors of concern and release pathways listed in the 
Priority Substance List Assessment. The second step is to consider any actions taken individually 
and report on whether they met their targets and objectives. Finally, the evaluation of the 
effectiveness of the risk management approach will consider whether the implementation of risk 
management actions resulted in reductions in releases over time.   

In terms of actions taken for sectors of concern (metal production, stationary fuel combustion, 
transportation, solid waste disposal, sewage sludge application), seven of the instruments were 
targeted at the metal production sector. Risk management of cadmium for the base metals smelting 
industry has been effective resulting in a decrease of 98% of cadmium releases from the sector since 
1994, however it is noted that some of these decreases were due to the closure of facilities during 
this period. Risk management actions for this sector have targeted emissions, the main pathway of 
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cadmium releases and have evolved over time from voluntary implementation of guidelines, to 
requirements for pollution prevention planning, and finally performance agreements. While the 
sector remains the largest source of cadmium releases, it has demonstrated continual 
improvement. Cadmium releases in the iron and steel industry, part of the metal production sector, 
have declined over time, but appear to be unrelated to the implementation of risk management 
measures. Without instrument reporting data, it is difficult to conclude that they have had any effect 
on cadmium releases.  

Two instruments targeted coal-fired electricity generation facilities, part of the stationary fuel 
combustion sector. One was a voluntary guideline that did not appear to have any co-benefits for 
cadmium release reduction and the second was a regulation to limit carbon dioxide emissions. 
While no performance measurement was undertaken on these instruments, the regulation appears 
to have contributed to reducing cadmium releases, as declines in emissions based on inventory data 
can be seen following its introduction.  

No relevant instruments were put in place to target heating. Commercial, residential, and 
institutional heating continue to contribute significantly to cadmium releases to the environment. 
While the government has made efforts to improve heating efficiency and reduce greenhouse gas 
emissions from homes and businesses, this does not seem to have had an effect on cadmium 
releases.  

No relevant instruments were put in place to control cadmium releases from the transportation 
sector. It is unclear how much this sector contributes to levels of cadmium in the environment. Air 
quality monitoring data suggests that it may be a larger contributor than previously thought. APEI 
estimates for the transportation sector are very low and show declines since 2005 for rail and marine 
navigation, and no emissions from other transportation sources like vehicles and airplanes. 
Cadmium is below detection limits in most transportation fuels, except for residual oil which is used 
in rail and marine transportation. Cadmium is not usually detected in exhaust measurements for 
vehicles or aircraft, suggesting that cadmium detected by monitoring activities near roadways likely 
does not come from fuels, but from other sources like vehicle coatings or tire wear.    

Solid waste disposal is primarily managed by provinces and territories, but the federal government 
has put in place four measures to control the movements of hazardous waste across provincial and 
international borders. The impacts of these measures in controlling cadmium releases are not clear. 
Studies of municipal solid waste landfills suggest that they do not play a large role in environmental 
releases (see section 2.2). 

Sewage sludge application is managed by both federal and provincial/territorial measures. There are 
two relevant federal measures, guidelines for beneficial use and management of biosolids and a 
regulation for the sale and trade of composts and fertilizers, including those containing biosolids. 
Monitoring data suggest that most of the sewage sludge applied to land is below limits thought to 
cause adverse effects to the environment. Risk management measures for this section do not 
address influent entering wastewater treatment plants which is the source of cadmium found in 
sewage sludge. 

The approach to use risk management measures developed for controlling metals in general rather 
than to develop new risk management measures specific to cadmium has worked to address the 
risks of cadmium for many of the sectors of concern, particularly those where air is the primary 
release pathway. Controlling overall releases of metals in particulate matter is effective at 
controlling cadmium releases, but controls for releases of other substances like PAHs and VOCs do 
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not appear to co-benefit cadmium releases. Risk management instruments developed for the 
sectors of concern were targeted at the appropriate release pathways for each sector. Overall, the 
risk management approach was successful at reducing cadmium releases to the environment; 
however, it led to gaps for some sectors where no relevant instruments were developed, despite 
being listed as potentially posing a risk to the environment.   

6.1.1 Progress in achieving the risk management objective 
The risk management objective is to achieve the lowest level of anthropogenic releases of inorganic 
cadmium compounds that are technically and economically feasible, taking into consideration 
socioeconomic factors. Releases of cadmium to the environment have been reduced over time. 
Most of the releases and corresponding reductions can be attributed to the base metals smelting 
sector. Reductions are clearly linked to the implementation of risk management measures for the 
sector. For other sectors, the links between release reductions and introduction of risk management 
instruments are less clear, because of the lack of reporting data. Releases may be lower due to 
implementation of risk management measures at provincial/territorial levels, closure of facilities 
due to economic conditions, or changes to industrial processes and feedstocks. Data available for 
these factors was not sufficient to include them in the evaluation. Lack of data on implementation 
of best environmental practices and best available technologies also limited this evaluation in 
determining whether the risk management objective has been achieved.  

To conclude, releases of cadmium have been reduced, but there is not enough information to 
determine whether they are at the lowest levels technically and economically feasible. Risk 
managers should consider conducting periodic reviews of voluntary Codes of Practice and 
guidelines to ensure they remain current with the latest available technologies and practices and 
seek ways to collect information on the implementation of these voluntary measures. This is 
particularly warranted for industries where there have been no significant changes or where 
cadmium levels have shown increases over time, or within the last 10-15 years. Discussions with 
industry may also be productive to foster innovation and identify new research and development 
activities that may identify novel pollution prevention opportunities and technologies. Public 
communication of efforts to implement best environmental practices and best available 
technologies is important for record-keeping and transparency. 

6.1.2 Progress in achieving the environmental objective 
The environmental objective is to reduce Canadian anthropogenic releases of inorganic cadmium 
compounds so as not to exceed levels expected to cause adverse effects to the environment, taking 
into consideration natural background concentrations. Reductions in anthropogenic releases have 
led to declines in environmental concentrations in most locations and in most environmental media. 
Environmental data are mostly limited to the period after 2010, due to changes in analytical 
methods. Patterns in environmental releases to air and ambient air quality monitoring show similar 
trends, suggesting that reducing industrial releases does lead to reductions in the environment.  

Cadmium levels in air and water are generally below those thought to cause adverse effects, but 
anthropogenic inputs are still evident. Cadmium levels in sediment are above the levels thought to 
cause adverse effects on aquatic life in many locations. Atmospheric inputs are thought to be a 
major contributor to cadmium levels in sediment in some areas. For this reason, the protectiveness 
of ambient air quality guidelines for cadmium may need to be reconsidered.  

Cadmium levels in fish are highest in small prey fish, although it is unknown what level of cadmium 
in the body causes adverse impacts to fish. Cadmium was identified as a threat to the recovery of 
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Southern Resident Killer Whales, because of its potential effects on the whales’ food source, 
Chinook Salmon. For wildlife, cadmium levels are below those estimated to cause sublethal effects, 
though sub chronic effects like immune suppression may still occur and are unable to be estimated 
using currently available data. 

The environmental objective has not yet been achieved, though there has been progress made 
towards its achievement. Continued environmental monitoring will be important to support 
evidence-based performance evaluations. While a lot of scientific studies measuring cadmium have 
been completed, spatial gaps exist across Canada. Environmental data near sources of cadmium 
releases is also lacking. Scientific programming should consider the recommendations for future 
research and monitoring proposed in section 3, especially those related to developing or re-
examining environmental quality guidelines and adverse effects thresholds. 

6.1.3 Response to new or emerging exposure sources 
Sectors of concern identified in the 1994 Assessment account for the majority of reported releases 
to air, water, and land. However, as these sectors have reduced their releases, other sectors that 
were not identified as concerns in the 1994 Assessment have begun to make up a larger part of the 
cadmium releases profile. In 1994, sources of concern were responsible for nearly 100% of total 
releases reported to NPRI, in 2020, they were only responsible for 50%. Releases from wastewater 
treatment facilities and the pulp and paper industry now make up 40% of total reported releases. 
Releases of cadmium to water from wastewater treatment facilities may be overestimated in NPRI 
due to methods used to estimate releases when cadmium levels are below detection limits, even 
though NPRI only includes reporting from larger wastewater treatment plants. Since cadmium levels 
in wastewater treatment effluents are dependent on the influents received, and NPRI does not show 
a large amount of transfers to wastewater treatment facilities, it appears that facilities that do not 
meet NPRI reporting requirements, the use and disposal of cadmium-containing products, or other 
sources may account for a substantial amount of releases to the environment from wastewater 
treatment facilities. These are not sources of cadmium that have been considered in previous risk 
assessment work. Similarly, releases from pulp and paper facilities have not been considered.  

A review of minerals production reports and trade data show that most of the cadmium ore produced 
in Canada is exported. Cadmium ore production has decreased since 1994, although it has 
remained relatively stable since 2012. Canada does not import much raw cadmium materials, but 
imports a substantial amount of cadmium batteries. Batteries are the main product containing 
cadmium that is traded internationally, with imports accounting for more than $20 million per year. 
However, the number of units imported is declining over time, likely due to increased use of nickel-
metal hydride batteries and lithium-ion batteries, which provide more energy and have longer life 
spans. A recycling rate of 32% was reported for all batteries in British Columbia in 2020 
(Call2Recycle Canada Inc., 2021), well above the 7.7% recycling rate for nickel-cadmium batteries 
in 2005 (RIS International Ltd., 2005). No federal risk management measures have been put in place 
for the end-of-life management of batteries containing cadmium. As noted, environmental risks from 
cadmium in municipal solid waste landfill leachate appear to be low, yet it may take several years 
for cadmium to leach from solid waste. The amount of cadmium entering the environment from 
human activities is still causing adverse effects. Landfill leachate monitoring was discontinued 
under the Chemicals Management Plan and no recent data on cadmium in leachate are available.    

Data on production and trade do not show what the end use of cadmium may be; however, there 
may be increased interest in demand for cadmium used to develop cadmium telluride photovoltaic 
cells for use in solar panels. The Canadian solar market is projected to increase by 20-25% in the 
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next few years and most solar cells sold in Canada are domestically produced (Order on 
photovoltaic modules and laminates originating in or exported from the People’s Republic of China, 
2021). Should an increase in Canadian production of photovoltaic cells occur, risk management 
measures may be warranted to protect the environment and human health. Risk management 
measures could include recycling and environmentally sound end-of-life handling procedures 
(Curtin et al., 2020). 

Risk assessment work related to cadmium since the 1994 assessment has been conducted under 
the Identification of Risk Assessment Priorities (IRAP) approach. As part of this approach, 
Environment and Climate Change Canada compiles new information on substances, evaluates this 
information, and then subsequently determines if further action on the substance(s) may be 
warranted. In 2018, cadmium was identified as one of the substances for which further scoping was 
required to determine if there were additional sources of exposure to assess or manage 
(Environment and Climate Change Canada, 2019b).  Additional scoping work is underway and will 
consider the results of this evaluation.  

7 Moving forward 

Progress has been made toward achieving the risk management and environmental objectives, but 
more actions may be needed as data show that cadmium levels in the environment are still above 
those thought to cause adverse effects in some locations. There has been no coordinated approach 
for cadmium risk management, but generally, measures put in place to control releases of metals 
from the sectors of concern in the 1994 Assessment have been effective to reduce releases in the 
environment and have resulted in declines in environmental concentrations. The federal 
Government should continue to implement existing risk management measures and improve 
collection of data on the rates of implementation of voluntary measures, codes of practice, 
guidelines, and pollution prevention planning notices. Guidelines should be reviewed periodically to 
ensure they recommend the best available technologies and practices for pollution prevention. 

No risk management measures were put in place for two sources of concern in the 1994 
Assessment. The first was stationary fuel combustion sources related to heating of homes and 
buildings. Releases from this source have not declined and now makes up a large portion of 
cadmium releases to the environment. The second was transportation sources which had little data 
available on cadmium releases. Additional studies into these sources are warranted and risk 
management actions to address cadmium releases should be considered where appropriate.    

Sources of release not considered in the 1994 assessment should be investigated further. Based on 
the outcome of the investigations for these sources, risk management actions should be considered 
where appropriate. For example, releases from pulp and paper effluent as well as from wastewater 
treatment facilities are important contributors to overall cadmium releases, according to release 
inventories. Little is known about the sources of cadmium in wastewater influent. Further study of 
cadmium sources in wastewater may be appropriate, for example by collecting information on 
cadmium used in products and industrial processes as well as processes that release cadmium as 
a by-product. This information could then be used to explore possible substitutions for cadmium 
used in products and industrial processes to reduce cadmium inputs to wastewater systems. The 
contribution of cadmium in atmospheric deposition and surface water runoff to combined sewer 
flows could also be explored as a source of cadmium in wastewater.  
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Cadmium enters pulp and paper effluent because it is in the wood or source material used by the 
facilities. Cadmium levels in pulp and paper effluent and exposure areas are not monitored under 
current regulatory requirements; however, some facilities report cadmium measured in effluent to 
the NPRI. Nearly all facilities who conducted testing reported that cadmium was present in effluent. 
Proposed amendments to the Pulp and Paper Effluent Regulations include effluent characterization 
and environmental effects monitoring in areas exposed to mill effluent.  

Effluent characterization and environmental effects monitoring undertaken by mining operations in 
accordance with the Metal and Diamond Mining Effluent Regulations has shown that cadmium is 
present in almost all mining effluents and is above predicted effects levels in exposure areas at one 
third of mines. The government should review available effluent and environmental monitoring data 
to consider additional risk management actions, as appropriate.   

Monitoring cadmium levels in the environment must continue in order to provide evidence for future 
evaluations. Gaps in monitoring should be filled to the extent possible, noting that there may be 
opportunities for collaboration with provinces and territories and that new technologies may be 
useful to fill gaps in remote areas. A diversity of monitoring locations would also be beneficial to 
compare areas near point sources with background levels as well as to understand the impacts of 
climate change on cadmium concentrations in the environment (for example increases in 
atmospheric cadmium from forest fires). Additionally, monitoring of additional media like soil and 
surface water runoff may be important to better understand cadmium sources and sinks in the 
environment. Periodic leachate sampling from municipal solid waste facilities should be reinitiated. 

Monitoring should also continue in order to understand the impacts of cadmium releases from 
sources in the United States on levels in the Canadian environment. Evidence suggests that 
atmospheric cadmium in the Great Lakes region is originating in the United States and aquatic 
monitoring also suggests that inputs along the Great Lakes and their connecting channels are 
important contributors to cadmium levels in water and sediment. This data should be used to 
advance and strengthen bilateral agreements with the United States.  

Research into adverse effects levels and sub chronic effects of cadmium in wildlife and fish tissues 
is recommended in order to better evaluate whether the environmental objective is achieved. 
Consideration of cumulative effects of cadmium and other substances in the environment may also 
warrant further investigation.  

Communication on cadmium in the environment should be improved. Webpages should be 
maintained and public engagement should be strengthened. Metrics to track the use of 
communications materials and engagement on social media are important to assess whether 
communication efforts have been successful.  

To conclude, the environmental indicators used in this report show that although cadmium releases 
and environmental levels have decreased significantly in some areas, cadmium is still entering the 
environment and, in some locations, is present in levels above which adverse effects can be 
expected as a result of human activities. The collection of environmental data must be maintained 
and additional investigations are needed to determine whether releases can feasibly be reduced 
further and whether new risk management actions are required for some industrial sectors and both 
industrial and non-industrial sources. Continued collaboration with international and domestic 
partners is important to manage releases from areas beyond federal jurisdiction. A follow-up 
evaluation on the performance of risk management actions is recommended by 2033 to allow for the 
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implementation of new measures where warranted and collection of performance measurement 
data and environmental data.    
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Annex 1 – Indicators and additional information considered in the 
evaluation 

A. Indicators to assess the environmental objective: to reduce Canadian 
anthropogenic releases of inorganic cadmium compounds so as not to exceed levels 
expected to cause adverse effects to the environment, taking into consideration 
natural background concentrations 

Indicator A1 Trends in environmental concentrations; number, proportion and magnitude of 
exceedances of environmental quality guidelines per year and by site 

Sub indicator: Cadmium levels in ambient air 

Data source(s) 

• National Air Pollution Surveillance program 
• Air Toxics in Canada research program 
• Passive sampling program 
• Great Lakes Basin monitoring program 

Rationale for sub indicator selection 

• Cadmium is released to air through industrial activities and noted as primary release pathway in 
1994 assessment 

• Trends in ambient air may indicate whether trends in reported Canadian industrial emissions are 
related to trends in environmental concentrations 

• Exceedances of environmental quality guidelines may help to evaluate whether there are adverse 
effects to the environment  

Result  

• Significant declines in cadmium levels at most locations, but some show no trend 

• Guidelines were not exceeded 

Limitations and considerations 

• Gaps in monitoring for the Prairie provinces, Prince Edward Island, Newfoundland and Labrador, and 
Northern Canada 

• Little monitoring close to point sources and not enough sites to analyze trends by different land uses 
• Modelling in the Great Lakes Basin suggests that atmospheric transport of cadmium from the United 

States accounts for much of the cadmium levels in the region  

• Existing ambient air quality guidelines developed may not have considered impacts to the aquatic 
environment 

Conclusions and recommendations 

• Atmospheric levels of cadmium are declining at most locations, but anthropogenic activities still 
contribute to levels higher than natural background levels  
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• Ambient air quality guidelines are based on an assessment of effects for human health, not to the 
environment. A review of the protectiveness of existing guidelines or development of new federal 
guidelines may be warranted and consider the full range of particulate matter sizes and potential 
risks of atmospheric deposition of cadmium to the aquatic environment. Atmospheric deposition 
plays a large role in sediment concentrations in some areas of Canada and cadmium in particulate 
matter is highly soluble  

• Atmospheric monitoring is important for assessing effectiveness and risks of cadmium in the air. 
Closure of some monitoring sites has resulted in spatial and temporal gaps that will grow with time 

• Environmental monitoring should continue and analyzing metals using ICPMS at additional 
monitoring sites would help to achieve better national coverage and analytical power for a more 
fulsome assessment. Passive sampling may be useful to complement existing monitoring networks 

• Modelling would strengthen efforts to identify sources that contribute to cadmium concentrations in 
air and shed light on the primary drivers for cadmium concentrations in air. For example, the role of 
local and long-range transport, impact of transportation sources, forest fires, and climate change 

• Long range transport of cadmium from the United States is an important source of cadmium in areas 
near the border. Further work on binational and international agreements that reduce pollution will 
result in positive impacts for transboundary air pollution impacting the Canadian environment 

Sub indicator: Cadmium levels in sediment 

Data source(s) 

• Chemicals Management Plan Monitoring and Surveillance programme 

Rationale for sub indicator selection 

• Cadmium is found in sediments due to atmospheric deposition and dissolution/precipitation of 
dissolved cadmium in water 

• Exceedances of environmental quality guidelines may help to evaluate whether there are adverse 
effects to the environment 

Result  

• Declining overall, but local hotspots remain with levels above threshold effects level and increases 
observed in some locations, especially Lake Ontario 

Limitations and considerations 

• Temporal analyses were limited in Pacific and Atlantic Canada 

• No monitoring data available for the North 

Conclusions and recommendations 

• Generally declining concentrations in Canadian sediments indicate progress has been made toward 
achieving the objective; however, increases in sediment concentrations in some areas are 
concerning. The number of areas with sediment concentrations above threshold effects levels is 
also a cause for concern. Continued sediment monitoring is recommended for future evaluations, 
especially for the Pacific and Atlantic regions where no temporal information was collected  
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• Atmospheric deposition is an important factor in sediment concentrations. Further reductions in 
atmospheric concentrations of cadmium will help to reduce cadmium loadings in aquatic 
environments 

• Investigation into local sources contributing to contamination in areas with increasing cadmium 
levels, particularly when above the probable effect level should be considered to determine if 
additional actions are warranted 

Sub indicator: Cadmium levels in fresh water 

Data source(s) 

• Chemicals Management Plan Monitoring and Surveillance programme 

Rationale for sub indicator selection 

• Cadmium is released to water through industrial processes and wastewater treatment 
• Atmospheric deposition also contributes to cadmium in water 

• Exceedances of environmental quality guidelines may help to evaluate whether there are adverse 
effects to the environment 

Result 

• Mostly declining or no trend. Sites with increasing trends still well below guideline levels 

Limitations and considerations 

• Trend analysis could not be performed at many sites 

• Cadmium levels were often below detection limits 

Conclusions and recommendations 

• Exceedances of environmental quality guidelines were infrequent and cadmium concentrations are 
generally declining; however, hotspots remain, in particular, at Niagara-on-the-Lake.  

• Pollution sources in the western and central basins of Lake Erie continue to contribute to elevated 
cadmium concentrations. Continued collaboration with the United States is recommended to 
address current and legacy sources of cadmium contamination where warranted  

• Natural conditions play an important role in cadmium concentrations and need to be considered 
when assessing risks and toxicity 

 
Indicator A2: Trends in tissue concentrations; number, proportion and magnitude of exceedances 
in levels of cadmium in biota above thresholds for adverse effects over time and by location 

Sub indicator: Cadmium levels in fish 

Data source(s) 

• Chemicals Management Plan Monitoring and Surveillance programme 

Rationale for sub indicator selection 

• Cadmium bioaccumulates in fish at concentrations higher than in the water  



 
 

155 
 

• Levels in fish may provide insight into the amount of cadmium that is bioavailable in the environment  

Result 

• Mostly decreasing, but trends differ by species and by waterbody 

Gaps/considerations/limitations 

• Little data on sublethal toxicological effects, and difficult to determine given confounding effects of 
other substances to which fish are exposed 

• Concentrations were highest amongst prey species of fish but monitoring program is designed to 
focus on top predators 

• Higher concentrations in cadmium in fish from some areas may be due to regional differences in 
water conditions that influence bioavailability 

Conclusion and recommendations 

• Not enough information is available to determine whether cadmium levels are adversely impacting 
fish, but generally levels in fish are decreasing. Higher cadmium body burdens were found in fish 
near current and former mining areas, and in areas with intentional fertilizer application  

• Fish are good indicators of the amount of cadmium that is bioavailable in the environment and 
entering the food chain  

• Monitoring prey species should continue and is important in assessing risks of toxics that 
bioaccumulate but do not biomagnify 

Sub indicator: Cadmium levels in wildlife 

Data source(s) 

• Ecotoxicology research 
• Northern Contaminants Program 

Rationale for inclusion 

• Trends of cadmium levels in wildlife inform on the relative bioavailability of cadmium in the 
environment at locations across Canada and over time  

• Exceedances of threshold concentrations in wildlife tissue can inform on whether cadmium is 
having adverse effects on the environment 

Result 

• Levels mostly remained the same or slightly declined. No increasing trends found 

• Levels found in Canadian wildlife typically below threshold tissue concentrations in literature, but 
sub chronic effects may be present at lower levels 

Limitations and considerations 

• Limited information available on sublethal toxicological effects and difficult to determine given 
confounding effects of other substances to which wildlife are exposed 

Conclusion and recommendations 
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• Cadmium levels have generally remained stable or slightly decreased over time. Most cadmium 
levels were below thresholds for greater risk of sublethal toxicological effects, but sub chronic 
effects may be present  

• Limited measurements exist for cadmium near point-sources of release and further study may be 
warranted  

 
Indicator A3: Trends in cadmium levels released from industrial sources and number of 
exceedances of release guidelines/criteria (as applicable) over time 

Data source(s) 

• Canadian Environmental and Sustainability Indicators reports 
• Environmental effects monitoring under regulatory requirements  
• Chemicals Management Plan municipal wastewater and municipal biosolids monitoring data 

Rationale for inclusion 

• Examining the number of exceedances of applicable guidelines or criteria can indicate whether 
industrial releases are entering the environment in levels that may be harmful to aquatic life 

• Land application of sewage sludge was a source of concern identified in PSL Assessment. An 
analysis of trends and/or comparison to guidelines or other limits/requirements for land application 
will help to inform whether municipal biosolids applied to land contain levels that may pose risks to 
the environment 

• Monitoring of wastewater data may be useful to show trends in upstream inputs to municipal 
wastewater systems from industrial sources and consumer products 

Result 

• Effluent from pulp and paper and mining operations was generally not acutely toxic. 
• Effluents from pulp and paper facilities have been shown to impact exposure areas, but the role of 

specific metals in the impacts is unknown  

• Cadmium levels in mining reference and effluent exposure areas in some cases were higher than 
those expected to cause adverse effects  

• Cadmium levels in municipal biosolids used as compost and other land applications are typically 
below standards for unrestricted use 

Limitations and considerations 

• Levels in wastewater were unable to be compared to environmental quality guidelines because data 
on hardness was not available  

Conclusion and recommendations 

• Effluents are generally not acutely toxic, but may still be impacting the environment in exposure 
areas. Further investigation into the composition of effluent from pulp and paper facilities is 
warranted to determine the cause of impacts in exposure areas 

• Cadmium levels in reference and exposure areas of mining facilities were higher than those 
expected to cause adverse effects. Further investigation into these sites is recommended 
particularly where the short-term exposure guidelines were exceeded 
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• Municipal biosolids are most often applied to land, concentrations vary depending on land use. Most 
biosolids intended for compost or land application are below levels expected to cause adverse 
effects to the environment  

• Levels of cadmium in wastewater and biosolids are related to inputs in the sewershed, and are 
specific to each wastewater treatment facility. Levels in influent are higher than ambient fresh water, 
indicating that there are inputs from human activities  

 

B. Indicators to assess the risk management objective: to achieve the lowest level of 
anthropogenic releases of inorganic cadmium compounds that are technically and 
economically feasible, taking into consideration socioeconomic factors 

Indicator B1: Trends in cadmium releases, disposals and transfers by sectors of concern and 
trends in number of facilities reporting on cadmium by sector 

Data source(s) 

• Release inventories (NPRI, APEI) 

Rationale for indicator selection 

• Trends in release data will show whether progress has been made to reduce anthropogenic releases 

• When read with trends in the number of facilities reporting releases, the data can indicate whether 
there has been progress due to improvements in facility processes or whether the trends in release 
were simply influenced by more or less facilities reporting 

Result 

• Most cadmium is released to air  
• Significant declines in releases since 1994 despite increasing number of facilities reporting releases, 

but declines slowing since late 2000s 
• Releases are mostly coming from sectors of concern, but release profile is changing. 
• Increase in amount of cadmium transferred off-site for waste treatment 

• Increase in on-site disposals by landfilling and decrease in off-site disposals 

Limitations and considerations 

• Only facilities who meet NPRI reporting thresholds are obligated to report releases  
• Not all facilities/sources that release cadmium are required to report 
• Trends may be influenced by external factors (for example, price of materials; facility closures) 
• Inventories are based on industry reports and calculated emission factors. Errors in reporting or 

calculations are possible  
• Inventory data provides information on the total amount of releases from a given facility, but does 

not provide information about the intensity of cadmium in releases at a given time, dilution factors, 
or environmental conditions at point of release 

• Facilities may change the NAICS code used to report releases to NPRI from year to year based on 
what they consider to be their primary activity. This is problematic for tracking sector releases over 
time, though releases can still be followed on a facility-by-facility level 
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Conclusions and recommendations 

• Most cadmium releases come from sectors of concern and releases from the sectors of concern 
have declined considerably from 1994 levels 

• More facilities are reporting releases. For most sectors, this has not resulted in an increase in 
emissions from the sector, as the average amount of cadmium releases from facilities have declined 
over time, though declines have slowed over recent years 

• The profile of cadmium releases is slowly changing. Notably, residential/commercial/institutional 
heating and manufacturing (mostly via pulp and paper production facilities) play a much larger role 
in the release profile in 2020 than in 1994. Releases from wastewater treatment facilities did not 
show a significant trend which may indicate further investigation into wastewater inputs is warranted 

• More cadmium is being disposed of on-site by more hazardous waste facilities. Landfilling accounts 
for the majority of on-site disposal operations and most operations are completed by hazardous 
waste facilities  

• The amount of cadmium transferred has also increased. More waste is being transferred for 
treatment before final disposal 

• Further investigation into sources/sectors of releases that have not shown declines may be 
appropriate to determine whether additional risk management actions are warranted. Investigations 
into sources of release that make up a significant portion of the release profile and that were not 
considered in the 1994 Assessment may also be warranted 

• The Government should work to resolve the issue of changing NAICS codes in consultation with 
industry as appropriate.  

Indicator B2: Trends in releases from product use and disposal  

Data sources 

• Municipal solid waste landfill leachate monitoring 
• Consultant reports  
• Municipal wastewater and biosolid sampling  
• Chemicals Management Plan Monitoring and Surveillance programme 
• NPRI data  

Rationale for indicator selection 

• Solid waste was identified as a source of concern in the PSL Assessment 
• Municipal solid waste landfill leachate data may provide information on trends of cadmium use in 

upstream sources like consumer products and/or industrial sources 
• Analysis using observed municipal wastewater effluent releases to make estimates of total releases 

from a facility may be useful in order to compare with estimated release values as reported to NPRI 
• Municipal wastewater and biosolids data may provide information on trends of cadmium use in 

upstream sources like products or industrial sources 
• Trends in releases from waste management facilities and wastewater facilities are likely a function 

of cadmium content in influent or waste materials received 
• Disposal and transfer data from the inventory can also provide information on the amount of 

cadmium received from industries/industrial processes 
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Result 

• Cadmium was detected in less than half of municipal solid waste landfill leachate samples 
• No clear trends in landfill leachate levels over time 
• No clear links between cadmium levels in water or biosolids and, volume processed and percentage 

of commercial/industrial vs residential inputs to wastewater system 
• Cadmium concentrations in wastewater effluent are low and similar to levels found  through 

environmental monitoring of surface water 
• Municipal biosolids are used or disposed of appropriately 
• No trends in quantity of cadmium disposed of from wastewater treatment plants over time according 

to release inventory 
• Releases from municipal wastewater treatment plants reported to NPRI have remained relatively 

unchanged  
• Releases from hazardous waste landfills reporting to NPRI are intermittent and very small 
• About half of cadmium disposed of from municipal wastewater treatment are destined for land 

application, likely via biosolids according to NPRI 
• NPRI shows that disposals of cadmium from hazardous waste treatment facilities are increasing 

over time. Most is sent to hazardous waste landfills  
• NPRI shows that the amount of cadmium transferred to hazardous waste treatment facilities has 

also increased over time, while the amount of cadmium transferred to municipal wastewater 
treatment plants via releases to sewage systems has no significant trends 

Limitations and considerations 

• Data collection was limited to 13 municipal solid waste landfills with a permitted fill rate of 40,000 
tonnes per year, no less than 1,000,000 tonnes in place, and operational leachate collection 
systems 

• It may take several years for cadmium to leach from materials into leachate 
• The Government’s sampling program does not provide enough data to analyze in wastewater and 

biosolids over time, but provides a general picture of cadmium levels in Canadian wastewater 
effluent and municipal biosolids  

• Small sample may not allow for correlations or patterns to be identified 
• Residential inputs and non-NPRI reporting facilities are not captured in disposal and transfer data 
• Only hazardous waste landfills reported cadmium releases to NPRI 

Conclusion and recommendations 

• No trends in landfill leachate levels were detected, suggesting that there have not been changes in 
the amount of cadmium containing waste disposed of at municipal solid waste landfills  

• Municipal solid waste landfills do not appear to be a large sources of cadmium releases, although 
there were no data to report on potential releases from smaller landfills or those without leachate 
capture systems 

• Periodic landfill leachate monitoring may be useful for future evaluations as it may take several years 
for cadmium to leach out of waste. NPRI reported increased amounts of cadmium being sent to 
hazardous waste landfills, this may be mirrored in municipal solid waste landfills, but no NPRI data 
on cadmium releases and transfers was available for municipal solid waste facilities 
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• Wastewater treatment effectively removes cadmium from influent and removal efficiency vary 
depending on treatment methods  

• Municipal wastewater effluent levels are often below detection limits and within the range of values 
recorded by surface water quality monitoring  

• The lack of correlation between concentrations of cadmium found in municipal wastewater influent 
and municipal biosolids and the percentage of industrialized activity in the sewershed suggest that 
cadmium in products may be the primary source of releases to the aquatic environment  

• Waste management facilities and wastewater treatment facilities receive cadmium from industrial 
and residential sources 

• Wastewater is the primary source of cadmium releases to water and the amount of cadmium 
reported to be received from industrial facilities is much less than recorded cadmium releases, 
suggesting substantial input from products or non-NPRI reporting industrial activities  

• No trends in releases from wastewater facilities or amount of cadmium disposed of by wastewater 
treatment facilities may suggest that residential inputs from products have remain unchanged. 

• Hazardous waste landfills receive a lot of cadmium in waste from industrial activities, but report only 
small amounts of cadmium releases 

• More cadmium is being transferred to specialized hazardous waste treatment facilities. This may 
suggest better management of hazardous waste containing cadmium where treatment reduces 
leaching potential and bioavailability  

Indicator B3: Number and proportion of facilities implementing Best Available Technologies/Best 
Environmental Practices (BAT/BEP) 

Data source(s) 

• Consultations with ECCC staff on sector implementation rates of BAT/BEP guidelines or Codes of 
Practice  

• Instrument performance reports 
• Reports from industry, academic, provincial/territorial or other sources, where available 

Rationale for inclusion 

• The level of implementation of BAT/BEP will show whether industrial facilities are taking action to 
minimize releases to the environment 

Result 

• The implementation of federal guidelines, Codes of Practice and other voluntary measures are not 
typically tracked  

• Reporting for the base metals smelting and refining sector suggests that most facilities are 
implementing the Code of Practice which includes BAT/BEP  

• Reports from the iron and steel industry indicated that implementation of the Codes of Practice 
varied widely between facilities, but a follow up survey found most facilities conformed to the code 
which includes BAT/BEP 

Limitations and considerations 

• The government does not collect information on implementation of measures in voluntary 
guidelines, codes of practice, or older pollution prevention planning notices 
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Conclusion and recommendations 

• Integrating the implementation of guidelines and codes of practice into performance agreements or 
P2 notices provides key data for risk management decisions  

• Where codes of practice have been developed, it appears that they are being implemented by 
facilities but the extent of the implementation of the Code and its recommendations for BAT/BEP is 
unclear  

• The Government should better track implementation of BAT/BEP to aid in assessment of whether 
releases to the environment are the lowest feasible 
 

C. Indicators to assess risk communication efforts 

Indicator C1: Number of communication materials published that discuss the risks of cadmium to 
the environment and/or the federal government’s cadmium-related risk management actions  

Data source(s) 

• Search of ECCC publications and social media posts 
• Statistics on public access of communications for cadmium related information  
• Web page views, social media metrics (likes, shares, comments etc.) 

Rationale for inclusion 

• Number of publications will show the level of effort to communicate risks and risk management to 
the public  

• Statistics or metrics on access and engagement with published content will indicate whether the 
public is interested in this information and how effectively the content reached its intended 
audience 

Result 

• Only two relevant social media postings were found 

• Social media metrics are not tracked 
• Two webpages dedicated to cadmium were found in addition to the 1994 assessment report 
• Primary cadmium webpage has more than 200 new page views per year, appears to be increasing 
• Other information on multiple pollutants including cadmium was found in CESI reports, APEI report, 

PAWPIT and pages dedicated to specific risk management instruments 

• Data is available through the Open Data Portal and inventory web pages 
• Recent comments related to risk assessment of cadmium were received 

Limitations and considerations 

• Webpage data only available beginning in October 2019 

Conclusion and recommendations 

• Information on cadmium and risk management were spread across ECCC pages. Web pages need to 
be kept up to date and the Toxic Substances List Page for cadmium should be the hub for linking to 
other resources 
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• Newly developed interactive tools like PAWPIT, NPRI and CESI dashboards and maps can help to 
make it easier for the public to find information relevant areas important to them 

• Environmental data is available online, but no analysis is available. Without knowledge, ability, 
equipment and time to analyze environmental data, it is not easy for the public to access meaningful 
information about contaminant levels in their environment 

• The public does have an interest in cadmium in the environment. More efforts should be made to 
communicate work on the risk management of this substance and the success of these efforts 
should be tracked to allow for improvements as necessary  
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Status of implementation of recommendations from Strategic 
Options Reports 

Base Metals Smelting 

Recommendation #1 – release reduction targets and schedules: reduce total releases of CEPA 
substance from the base metal smelting sector by 80% from 1988 levels by the year 2008 and by 
90% beyond 2008 through the application of technically and economically feasible methods. 

Implemented: Yes 

Comments: Cadmium releases in 1988 were 133 tonnes and were 20 tonnes in 2008, a reduction of 
85%. Cadmium reductions exceeded 90% after 2010. 

Recommendation #2 – environmental standards: develop Canada-wide environmental ambient 
air and water quality guidelines for substances of relevance to the base metal smelting sector; 
develop appropriate environmental source performance guidelines for discharges to water and air 
taking into account best available pollution prevention techniques and control technologies 
economically achievable for new and existing smelters no later than year 2000; develop protocols 
for measurement and reporting of releases; provide appropriate opportunities for stakeholder 
involvement in development of environmental guidelines and protocols.  

Implemented: Yes 

Comments: Canada-wide environmental quality guidelines developed for water by CCME and the 
2006 Code of Practice recommended ambient air quality objectives. 

Performance guidelines were developed by the Code of Practice published in 2006. 

Protocols for measurement and reporting of releases developed through NPRI. 

Stakeholders have opportunities to comment on environmental quality guidelines and were 
involved in development of Code of Practice. The public also had opportunities to comment on all 
federal risk management measures implemented for the sector. 

Recommendation #3 – site-specific environmental management plans: develop and implement 
site-specific environmental management plans for each facility and evaluate the effectiveness of 
this plans in 2001. 

Implemented: Yes 

Comments: Pollution Prevention Planning Notices were required for each facility in 2006. The 
performance of the plans was evaluated through performance reporting. 

Recommendation #4 – consistent data and reporting: develop and implement standard reference 
methods for release monitoring, quality assurance/quality control, and independent verification of 
the system for monitoring and reporting of data. 

Implemented: Yes 

Comments: Reference methods and reporting guidance were developed. Facility reports verified by 
Environment Canada. 
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• Hatch Associates Ltd., Guidance Document for Reporting Releases from the Base Metals Smelting 
Sector, prepared for Environment Canada, October 2001. 

• Environment Canada, Reference Methods for Source Testing: Measurement of Releases of 
Particulate from Stationary Sources, Report EPS 1/RM/8, December 1993. 

Recommendation #5 – Federal-Provincial cooperation: develop a coordinated approach that 
avoids duplication in the implementation of environmental measures for the sector. 

Implemented: Yes 

Comments: Federal approach was to set targets for reduction, but not to regulate implementation 
of environmental measures so as to avoid duplication and reduce regulatory burden. Performance 
agreements were developed under the Air Quality Management System, a collaborative approach 
between Federal and Provincial governments.  

Recommendation #8 – research and development: undertake cooperative scientific research 
programs to characterize smelter releases, validate predictive models, investigate environmental 
behaviours and effects, and identify and develop pollution prevention opportunities and 
technologies. 

Implemented: Yes 

Comments: In the development of the Code of Practice for the sector, the Government 
commissioned several reports to collect information and assist in the development of environmental 
standards, best practices, and available pollution prevention opportunities and technologies. 
Additionally, Environment Canada held two public national workshops on the performance of the 
base metals sector and the development of environmental performance standards for the sector. 

As part of the Performance Agreements developed, facilities agreed to:  

• participate in a working group with representatives from federal and provincial governments, 
other companies in the base metals sector, and the Mining Association of Canada, with a 
particular focus on releases of key metals, fine particulate matter and fugitive particulate 
matter; 

• participate in bilateral discussions with Environment and Climate Change Canada to discuss 
reports and results and to identify possible methods to further reduce emissions; and 

• report on progress towards implementing applicable recommendations in the Code of 
Practice. 

 

Working group activities such as regular meetings and bilateral discussions take place each year and 
will continue. 

Recommendation #10 – public review: initiate a public review process to assess the 
implementation and effectiveness of the recommendations of the SOR in 2001 focusing on the 
management of CEPA substances released by BMSS to determine if further action is needed. 

Implemented: No 

Comments: No public review to assess the implementation of the SOR was completed, but reviews 
of risk management instruments were conducted and made available online. 
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Steel Manufacturing 

Recommendation #4 - metal emissions to air: reduce emissions of toxic metals through the 
adoption of a CCME Code of Practice by December 1998 that includes emission guidelines; 
standardized emissions measuring, monitoring and reporting practice; and best management 
practices for achieving continuous improvement in design, operation and maintenance of air 
pollution control systems. Additionally, source-specific targets and schedules should be developed 
for two facilities.  

Implemented: Yes 

Comments: Codes of Practice were published in 2000 for both integrated and non-integrated steel 
mills which include guidelines and targets for emissions. 

Recommendation #5 – metal effluents to water: reduce wastewater releases of toxic metals from 
non-integrated mills through the development and adoption of a CCME Code of Practice by 
December 1998 that includes effluent release guidelines; standardized effluent measuring, 
monitoring and reporting practices; and best management practices for achieving continuous 
improvement in the design, operation and maintenance of water pollution control systems. No 
recommendation was made for wastewater effluents from integrated mills since it was expected 
that facilities would already be implementing best available technologies and practices to control 
releases of metals by 1998. 

Implemented: Yes  

Comments: Codes of Practice were published in 2000 for both integrated and non-integrated steel 
mills which include guidelines and targets for effluent. 

Recommendation #7 – emissions from sintering plants: develop an enhanced voluntary program 
to reduce emissions of dioxins and furans, arsenic, cadmium, lead and mercury at the Algoma 
Sintering Plant by December, 1997. This program would include emissions reductions targets and 
schedules for these substances and be consistent with the Toxic Substances Management Policy. It 
was also recommended that an emission management program be conducted at the Stelco Hilton 
Works Sintering Plant and that the results be reported to the Province of Ontario and Environment 
Canada. 

Implemented: No 

Comments: A Canada-wide Standard for Dioxins and Furans from iron sintering plants was 
published in 2003.  The iron sintering plant closed in the mid 2000s and no further actions were 
implemented. 

Recommendation #10 – pollution prevention plans: steel manufacturing sector facilities should 
prepare and implement pollution prevention plans.  

Implemented: Yes 

Comments: The Codes of Practice recommended pollution prevention plans be implemented by 
facilities. Subsequently, a Pollution Prevention Planning Notice entered into effect in 2017. 
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Recommendation #12 – ministerial review: the Government of Canada should develop a report on 
the implementation and effectiveness of the recommendations and relevant provincial toxics 
management programs that is submitted to the Ministers of Environment and Health by March 1999, 
so that regulatory action or further non-regulatory action can be taken, as appropriate.  

Implemented: No 

Comments: No report on the implementation and effectiveness of the recommendations and 
relevant provincial programs was developed. However, the 2003 report Environment Canada 
commissioned by Stratos Inc. included information on provincial toxic management programs and 
their status of implementation as well as the status of the implementation of the Codes of Practice 
for integrated and non-integrated steel mills.  
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Annex 2 – Supplemental information on cadmium in the 
environment 

Passive air sampling  

A small polyurethane foam (PUF) disk in a double-bowl housing is used to sample ambient air over 
the course of two months or more. This sampler design captures particulate matter less than 10 
μm size, with most particles being smaller than 2.5 μm (Markovic et al., 2015). The collected 
particulate matter is then analyzed and estimates can be made to determine the average 
concentration of cadmium in the air over that time period. While this technique has been used for 
several years to measure organic contaminants in air, it has only recently been proven to also be 
effective for trace metals like cadmium (Gaga et al., 2019). This type of sampling offers several 
advantages over traditional methods in terms of cost, maintenance, ease of use and no need for 
electricity or infrastructure. However, passive sampling is semi-quantitative and it is not possible 
with the time-integrated samples to review data collected at a specific day or time. 

Gaga et al. (2019) set up passive sampling devices at six locations in the Greater Toronto Area in 
spring, 2017. The results are reported as the mass of the cadmium captured per gram of PUF in the 
bar graphs in the figure below. In general, the highest concentrations for cadmium were found at 
the site near the Ontario Ministry of the Environment Conservation and Parks office building 
(MECP), which is influenced by emissions from highway traffic (Highways 401 and 400), and 
represents a location with one of the highest daily vehicle transit rates in North America. The 
second highest concentrations were measured at the Kennedy (KE) and Downsview (DV) locations, 
which are moderately impacted by traffic emissions and/or emissions from local industrial and 
residential sources. The next highest level was at the Burlington site (BUR), which is within a few 
kilometers of both industrial emissions and highway traffic. Ambient concentrations of cadmium 
were lowest at the two residential sites in North York (NY) and North Toronto (NT). Emissions at 
these two sites are expected to be from residential sources and local traffic. The corresponding air 
concentrations (not reported in Gaga et al. 2019) estimated using generic sampling rate of passive 
air sampler (4m3/day) are 0.55 (MECP), 0.36 (KE), 0.20 (DV), 0.13 (BU), 0.06 (NY) and 0.05 (NT) 
ng/m3 (listed on Figure A2-1) 

In 2019, Environment and Climate Change Canada researchers measured trace metals at six sites 
that are part of the department’s Global Atmospheric Passive Sampling (GAPS) program. These sites 
are in Toronto, ON; Alert, NU; Whistler, BC; Fraserdale, ON; Ucluelet, BC; and Longwoods, ON. Aside 
from the urban Toronto site, and rural Longwoods site, the other sites are representative of remote 
background regions.    

A full year (that is, a time integrated 1-year sample representing approximately 1500 m3 air) passive 
air samples collected under the GAPS program found that Longwoods, ON had the highest 
concentration (0.373 ng/m3), followed by Toronto, ON (0.129 ng/m3), Whistler, BC (0.006 ng/m3), 
Ucluelet, BC (0.005 ng/m3), and Fraserdale, ON (0.005 ng/m3). The Longwoods sight is in a rural 
location surrounded by forest and agricultural activities. Unfortunately, the sample from Alert, NU 
appears to have been contaminated and could not be considered for this analysis. The passive 
samplers show a large difference between the concentrations found in background sites compared 
with urban and rural areas. 
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Figure A2-1 Concentrations of trace elements in air from passive samplers in the Greater Toronto Area from 
Gaga et al. 2019 

Fresh water quality monitoring 

Table A2-1 Fresh water quality monitoring stations exceedances of calculated environmental quality 
guidelines by CESI classification and Pearse Drainage Area. 

Site Code 
Number of 
Samples 

Number of 
Exceedance
s 

Percentage of 
Exceedances CESI Classification Pearse Drainage Area 

MA05OB0001 143 13 9.09 Agriculture Assiniboine-Red 

MA05OC0001 429 24 5.59 Agriculture Assiniboine-Red 

SA05JM0014 160 0 0.00 Agriculture Assiniboine-Red 

SA05MD0002 181 1 0.55 Agriculture Assiniboine-Red 

US05NF0001 109 0 0.00 Agriculture Assiniboine-Red 

AL06AD0001 169 3 1.78 Agriculture Churchill 

SA06AF0001 117 2 1.71 Reference Churchill 

SA06EA0003 42 0 0.00 Mixed Forestry/Mining Churchill 

BC08ND0003 242 2 0.83 Reference Columbia 

BC08NE0001 682 2 0.29 Mixed Forestry/Mining Columbia 
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BC08NE0029 163 0 0.00 Mixed Forestry/Mining Columbia 

BC08NF0001 258 0 0.00 Mixed Forestry/Mining Columbia 

BC08NH0005 277 3 1.08 Mixed Forestry/Mining Columbia 

BC08NK0003 324 11 3.40 Mixed Forestry/Mining Columbia 

BC08NN0021 254 0 0.00 Mixed Forestry/Mining Columbia 

BC08KA0007 313 0 0.00 Reference Fraser-Lower Mainland 

BC08KE0010 372 0 0.00 Mixed Forestry/Mining Fraser-Lower Mainland 

BC08LE0004 356 10 2.81 Mixed Forestry/Mining Fraser-Lower Mainland 

BC08LF0001 280 4 1.43 Mixed Forestry/Mining Fraser-Lower Mainland 

BC08MC0001 357 44 12.32 Mixed Forestry/Mining Fraser-Lower Mainland 

BC08MF0001 322 35 10.87 Mixed Forestry/Mining Fraser-Lower Mainland 

BC08MH0027 408 0 0.00 Populated Fraser-Lower Mainland 
NW07OB000
2 50 4 8.00 Reference Lower Mackenzie 

NW10ED0001 68 17 25.00 Mixed Forestry/Mining Lower Mackenzie 

NW10ED0002 76 18 23.68 Mixed Forestry/Mining Lower Mackenzie 

NW10FB0006 69 0 0.00 Mixed Forestry/Mining Lower Mackenzie 

NW10JC0001 33 2 6.06 Reference Lower Mackenzie 

NW10KA0001 67 18 26.87 Reference Lower Mackenzie 

NW10LA0003 64 15 23.44 Reference Lower Mackenzie 

YT10AA0001 185 0 0.00 Mixed Forestry/Mining Lower Mackenzie 

MA05KH0001 160 0 0.00 Agriculture 
Lower Saskatchewan-
Nelson 

SA05KH0002 162 1 0.62 Agriculture 
Lower Saskatchewan-
Nelson 

SA05LC0001 126 2 1.59 Agriculture 
Lower Saskatchewan-
Nelson 

NS01DC0001 110 0 0.00 Populated Maritime Coastal 

NS01DC0203 69 1 1.45 Mixed Forestry/Mining Maritime Coastal 

NS01DD0016 101 0 0.00 Populated Maritime Coastal 

NS01DL0009 15 2 13.33 Reference Maritime Coastal 

NS01DR0001 56 0 0.00 Mixed Forestry/Mining Maritime Coastal 

NS01EA0001 55 8 14.55 Mixed Forestry/Mining Maritime Coastal 

NS01EC0005 57 1 1.75 Reference Maritime Coastal 

NS01ED0005 268 1 0.37 Mixed Forestry/Mining Maritime Coastal 

NS01ED9111 15 0 0.00 Reference Maritime Coastal 

NS01EF0002 56 1 1.79 Mixed Forestry/Mining Maritime Coastal 

NS01EJ0001 102 0 0.00 Populated Maritime Coastal 

NS01EJ0157 111 0 0.00 Populated Maritime Coastal 

NS01EO0001 56 0 0.00 Mixed Forestry/Mining Maritime Coastal 

NS01FB0001 57 1 1.75 Mixed Forestry/Mining Maritime Coastal 

NS01FC0004 56 5 8.93 Reference Maritime Coastal 

PE01CB0143 42 0 0.00 Agriculture Maritime Coastal 

NF02XA0001 53 3 5.66 Reference Newfoundland-Labrador 

NF02YE0005 66 0 0.00 Reference Newfoundland-Labrador 
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NF02YG0001 73 0 0.00 Reference Newfoundland-Labrador 

NF02YJ0004 104 0 0.00 Mixed Forestry/Mining Newfoundland-Labrador 

NF02YL0012 79 0 0.00 Reference Newfoundland-Labrador 

NF02YM0003 45 3 6.67 Mixed Forestry/Mining Newfoundland-Labrador 

NF02YM0004 47 0 0.00 Reference Newfoundland-Labrador 

NF02YN0001 65 0 0.00 Reference Newfoundland-Labrador 

NF02YO0107 69 44 63.77 Mixed Forestry/Mining Newfoundland-Labrador 

NF02YO0121 58 1 1.72 Populated Newfoundland-Labrador 

NF02YQ0006 39 2 5.13 Mixed Forestry/Mining Newfoundland-Labrador 

NF02YQ0030 84 0 0.00 Mixed Forestry/Mining Newfoundland-Labrador 

NF02YR0001 38 0 0.00 Reference Newfoundland-Labrador 

NF02YS0011 64 1 1.56 Reference Newfoundland-Labrador 

NF02ZK0005 85 1 1.18 Reference Newfoundland-Labrador 

NF02ZL0029 70 0 0.00 Reference Newfoundland-Labrador 

NF02ZM0009 73 1 1.37 Populated Newfoundland-Labrador 

NF02ZM0178 95 4 4.21 Populated Newfoundland-Labrador 

NF02ZM0181 100 3 3.00 Populated Newfoundland-Labrador 

NF03NF0013 52 6 11.54 Reference Newfoundland-Labrador 

NF03OC0012 54 6 11.11 Reference Newfoundland-Labrador 

NF03OE0001 56 4 7.14 Mixed Forestry/Mining Newfoundland-Labrador 

NF03OE0030 64 5 7.81 Reference Newfoundland-Labrador 

NF03PB0025 56 6 10.71 Reference Newfoundland-Labrador 

NF03QC0001 46 6 13.04 Reference Newfoundland-Labrador 

AL05DA0001 177 0 0.00 Reference North Saskatchewan 

AL05EF0003 180 15 8.33 Agriculture North Saskatchewan 

BC08NL0005 403 8 1.99 Mixed Forestry/Mining Okanagan-Similkameen 

BC08NM0001 203 0 0.00 Populated Okanagan-Similkameen 

QU02LB9001 157 6 3.82 Mixed Forestry/Mining Ottawa 

AK08DC0001 285 139 48.77 Mixed Forestry/Mining Pacific Coastal 

BC08EF0001 323 14 4.33 Mixed Forestry/Mining Pacific Coastal 

BC08GA0010 361 1 0.28 Reference Pacific Coastal 

BC08HA0018 379 1 0.26 Populated Pacific Coastal 

BC08HB0019 389 3 0.77 Mixed Forestry/Mining Pacific Coastal 

BC08HD0004 421 0 0.00 Mixed Forestry/Mining Pacific Coastal 

AL07AA0015 58 0 0.00 Reference Peace-Athabasca 

AL07AA0023 61 0 0.00 Reference Peace-Athabasca 

AL05AK0001 177 14 7.91 Agriculture South Saskatchewan 

AL05BA0011 172 0 0.00 Reference South Saskatchewan 

AL05BE0013 175 0 0.00 Reference South Saskatchewan 

AL05CK0001 179 26 14.53 Populated South Saskatchewan 

QU02NG3020 111 3 2.70 Reference St. Lawrence 

QU02OB9004 132 10 7.58 Populated St. Lawrence 

QU02OD9009 132 13 9.85 Populated St. Lawrence 
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QU02PH9024 156 3 1.92 Populated St. Lawrence 

MA05PF0022 90 0 0.00 Mixed Forestry/Mining Winnipeg 

YT09AB0008 155 1 0.65 Mixed Forestry/Mining Yukon 

YT09DD0008 150 125 83.33 Reference Yukon 

YT09EA0001 139 7 5.04 Mixed Forestry/Mining Yukon 

 

Fish 

Table A2-2. Cadmium concentrations (mg/kg wet weight) in whole fish from sites across Canada, from west 
to east (2010 to 2018). Current monitoring sites are bolded. 

Waterbody Station Species Average 
Cd 
(mg/kg) 

Min Cd 
(mg/kg) 

Max Cd 
(mg/kg) 

SD Cd 

Columbia River, BC N/A Rainbow Trout 0.0393 0.0116 0.0778 0.0191 
Columbia River, BC N/A Walleye 0.0237 0.0012 0.0574 0.0108 
Frederick Lake, BC N/A Dolly Varden 0.0328 0.0187 0.0564 0.0154 
Frederick Lake, BC N/A Prickly Sculpin 0.0619 N/A N/A N/A 
Frederick Lake, BC N/A Sculpin Sp. 0.0712 N/A N/A N/A 
Frederick Lake, BC N/A Threespine 

Stickleback 
0.0775 N/A N/A N/A 

Frederick Lake, BC N/A Cutthroat Trout 0.0220 0.0106 0.0576 0.0106 
Salsbury Lake, BC N/A Rainbow Trout 0.0668 0.0282 0.3480 0.0716 
Kusawa Lake, YK N/A Lake Trout 0.0184 0.0065 0.0781 0.0116 
Kusawa Lake, YK N/A Round Whitefish 0.0368 0.0213 0.0632 0.0114 
Great Bear Lake, 
NWT 

N/A Lake Trout 0.0052 0.0017 0.0190 0.0040 

Buffalo Lake, AB N/A Northern Pike 0.0011 0.0004 0.0017 0.0004 
Buffalo Lake, AB N/A White Sucker 0.0014 0.0009 0.0019 0.0007 
Cold Lake, AB N/A Lake Trout 0.0023 0.0007 0.0313 0.0047 
Forestburg Reservoir, 
AB 

N/A Northern Pike 0.0020 0.0014 0.0027 0.0006 

Forestburg Reservoir, 
AB 

N/A White Sucker 0.0030 0.0019 0.0046 0.0010 

Lake Athabasca, AB N/A – 
Combined 

Lake Trout 0.0054 0.0011 0.0277 0.0047 

Lake Athabasca, AB East Lake Trout 0.0020 0.0011 0.0060 0.0008 
Lake Athabasca, AB West Lake Trout 0.0087 0.0036 0.0277 0.0046 
Boundary Reservoir, 
SK 

N/A White Sucker 0.0091 0.0040 0.0193 0.0048 

Boundary Reservoir, 
SK 

N/A Yellow Perch 0.0040 0.0034 0.0051 0.0010 

Granite Lake, SK N/A White Sucker 0.0326 0.0139 0.0694 0.0176 
Lake Diefenbaker, SK N/A Walleye 0.0041 0.0009 0.0080 0.0014 
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Waterbody Station Species Average 
Cd 
(mg/kg) 

Min Cd 
(mg/kg) 

Max Cd 
(mg/kg) 

SD Cd 

Lake La Loche, SK N/A Lake Whitefish 0.0031 0.0011 0.0091 0.0023 
Reindeer Lake, SK N/A Lake Trout 0.0022 0.0012 0.0043 0.0007 
Phantom Lake, MB N/A Lake Whitefish 0.1100 0.0410 0.2480 0.0604 
Phantom Lake, MB N/A Northern Pike 0.0157 0.0063 0.0472 0.0116 
Phantom Lake, MB N/A Round Whitefish 0.0554 0.0079 0.1170 0.0329 
Lake Winnipeg, MB North Basin Walleye 0.0040 0.0025 0.0061 0.0010 
Lake Winnipeg, MB South Basin Lake Whitefish 0.0096 0.0089 0.0103 0.0010 
Lake Winnipeg, MB South Basin Sauger 0.0041 0.0026 0.0068 0.0012 
Lake Winnipeg, MB South Basin Walleye 0.0062 0.0035 0.0172 0.0023 
Lake Winnange, ON N/A Cisco 0.0150 0.0096 0.0185 0.0027 
Lake Winnange, ON N/A Lake Trout 0.0108 0.0060 0.0212 0.0043 
Lake Erie, ON East Lake Trout 0.0096 0.0042 0.0278 0.0042 
Lake Erie, ON East Rainbow Smelt 0.0458 0.0203 0.0658 0.0135 
Lake Erie, ON West Emerald Shiner 0.0781 0.0509 0.1260 0.0267 
Lake Erie, ON West Rainbow Smelt 0.0449 0.0168 0.0829 0.0196 
Lake Erie, ON West Round Goby 0.0732 N/A N/A N/A 
Lake Erie, ON West Trout Perch 0.1036 0.0891 0.1180 0.0204 
Lake Erie, ON West Walleye 0.0254 0.0094 0.1010 0.0154 
Lake Erie, ON West Yellow Perch 0.0569 0.0432 0.0859 0.0130 
Lake Huron, ON Goderich Bloater 0.0686 0.0187 0.1370 0.0414 
Lake Huron, ON Goderich Deepwater 

Sculpin 
0.0247 0.0203 0.0295 0.0027 

Lake Huron, ON Goderich Lake Trout 0.0092 0.0021 0.0332 0.0059 
Lake Huron, ON Goderich Rainbow Smelt 0.0203 0.0141 0.0301 0.0050 
Lake Huron, ON Goderich Round Goby 0.0326 0.0311 0.0341 0.0021 
Lake Huron, ON North Channel Lake Trout 0.0072 0.0033 0.0450 0.0056 
Lake Huron, ON North Channel Rainbow Smelt 0.0456 0.0206 0.0611 0.0108 
Lake Huron, ON Owen Sound Deepwater 

Sculpin 
0.0470 0.0370 0.0611 0.0118 

Lake Huron, ON Owen Sound Lake Trout 0.0091 0.0028 0.0280 0.0059 
Lake Huron, ON Owen Sound Rainbow Smelt 0.0437 0.0283 0.0639 0.0123 
Lake Ontario, ON Central Basin Alewife 0.0548 0.0438 0.0740 0.0118 
Lake Ontario, ON Central Basin Lake Trout 0.0063 0.0016 0.0353 0.0046 
Lake Ontario, ON Central Basin Rainbow Smelt 0.0176 0.0089 0.0252 0.0052 
Lake Ontario, ON Central Basin Slimy Sculpin 0.0598 0.0433 0.0727 0.0135 
Lake Ontario, ON Eastern Basin Lake Trout 0.0051 0.0017 0.0119 0.0023 
Lake Ontario, ON Eastern Basin Rainbow Smelt 0.0159 0.0096 0.0263 0.0048 
Lake Ontario, ON Eastern Basin Round Goby 0.0327 0.0272 0.0381 0.0039 
Lake Ontario, ON Niagara-on-the 

Lake 
Alewife 0.0602 0.0470 0.0693 0.0091 
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Waterbody Station Species Average 
Cd 
(mg/kg) 

Min Cd 
(mg/kg) 

Max Cd 
(mg/kg) 

SD Cd 

Lake Ontario, ON Niagara-on-the 
Lake 

Lake Trout 0.0053 0.0015 0.0118 0.0024 

Lake Ontario, ON Niagara-on-the 
Lake 

Rainbow Smelt 0.0173 0.0061 0.1240 0.0234 

Lake Ontario, ON Niagara-on-the 
Lake 

Round Goby 0.0139 0.0083 0.0226 0.0040 

Lake Ontario, ON Port Credit Lake Trout 0.0051 0.0012 0.0111 0.0019 
Lake Ontario, ON Port Credit Rainbow Smelt 0.0177 0.0070 0.0330 0.0090 
Lake Ontario, ON Port Credit Slimy Sculpin 0.0717 0.0522 0.0847 0.0172 
Lake Superior, ON Marathon Deepwater 

Sculpin 
0.0625 0.0542 0.0690 0.0061 

Lake Superior, ON Marathon Lake Trout 0.0215 0.0031 0.0697 0.0172 
Lake Superior, ON Marathon Pygmy Whitefish 0.1310       
Lake Superior, ON Marathon Rainbow Smelt 0.0397 0.0121 0.0528 0.0143 
Lake Superior, ON Thunder Bay Bloater 0.0379 0.0270 0.0599 0.0128 
Lake Superior, ON Thunder Bay Deepwater 

Sculpin 
0.0282 0.0225 0.0345 0.0047 

Lake Superior, ON Thunder Bay Lake Trout 0.0146 0.0068 0.0555 0.0080 
Lake Superior, ON Thunder Bay Rainbow Smelt 0.0636 0.0359 0.0974 0.0178 
Lake Superior, ON Whitefish Cisco 0.1620       
Lake Superior, ON Whitefish Deepwater 

Sculpin 
0.0945 0.0710 0.1270 0.0240 

Lake Superior, ON Whitefish Lake Trout 0.0216 0.0084 0.0583 0.0112 
Lake Superior, ON Whitefish Rainbow Smelt 0.0824 0.0107 0.1260 0.0253 
Lac Edouard, QC N/A Brook Trout 0.0412 0.0122 0.0794 0.0181 
Lac Edouard, QC N/A Brown Bullhead 0.0605 0.0284 0.1200 0.0235 
Lac Edouard, QC N/A Common Shiner 0.0405 0.0315 0.0478 0.0060 
Lac Edouard, QC N/A Creek Chub 0.1420 N/A N/A N/A 
Lac Edouard, QC N/A Cyprinidae 0.0189 N/A N/A N/A 
Lac Edouard, QC N/A Lake Trout 0.0460 0.0165 0.0822 0.0147 
Lac Edouard, QC N/A Pearl Dace 0.0632 N/A N/A N/A 
Lac Edouard, QC N/A Rainbow Smelt 0.0504 0.0466 0.0541 0.0053 
Lac Edouard, QC N/A Shiner Species 0.0984 0.0702 0.1280 0.0236 
Lac Memphrémagog, 
QC 

N/A Lake Trout 0.0014 0.0005 0.0027 0.0008 

Lac Ouescapis, QC N/A Emerald Shiner 0.0556 0.0488 0.0668 0.0089 
St. Lawrence River, 
QC 

Cap-Santé Walleye 0.0060 0.0026 0.0140 0.0027 

St. Lawrence River, 
QC 

Cap-Santé Yellow Perch 0.0052 0.0025 0.0106 0.0031 
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Waterbody Station Species Average 
Cd 
(mg/kg) 

Min Cd 
(mg/kg) 

Max Cd 
(mg/kg) 

SD Cd 

St. Lawrence River, 
QC 

St. Nicholas Walleye 0.0144 0.0010 0.4080 0.0656 

Lower Salmon River, 
NB 

N/A Chain Pickerel 0.0060 0.0031 0.0117 0.0023 

Lower Salmon River, 
NB 

N/A Lake Chub 0.0150 0.0107 0.0210 0.0038 

Lower Salmon River, 
NB 

N/A White Perch 0.0875 0.0391 0.1600 0.0470 

Lower Salmon River, 
NB 

N/A Yellow Perch 0.0303 0.0236 0.0357 0.0055 

Kejimkujik Lake, NS N/A Brook Trout 0.0341 0.0159 0.0647 0.0110 
Kejimkujik Lake, NS N/A Shiner Species 0.1077 0.1030 0.1110 0.0042 
Kejimkujik Lake, NS N/A White Perch 0.0656 0.0336 0.1630 0.0293 
Kejimkujik Lake, NS N/A Yellow Perch 0.0378 0.0130 0.0960 0.0225 
Loon Lake, NS N/A Brook Trout 0.0324 0.0266 0.0415 0.0080 
Lake Champlain, NY N/A Lake Trout 0.0014 0.0008 0.0020 0.0004 

 

Table A2-3. Trends in cadmium body burdens in fish from the Great Lakes by lake.  

Lake Station Species Years Equation R2 p 
Lake 
Superior 

Thunder Bay Lake trout 2007-
2018 

Log(Cd Trout) = 64.42 - 
0.034*Year 

0.23 0.34 

Lake 
Superior 

Thunder Bay 
 

Rainbow smelt 1983-
2018 

Log(Cd Smelt) = -24.59 + 
0.011*Year 

0.23 0.09 

Lake 
Superior 

Whitefish Bay Lake trout 2008-
2018 

Cd Trout = -0.046 + 
0.00003*Year 

0.01 0.75 

Lake 
Superior 

Whitefish Bay 
 

Rainbow smelt 1983-
2018 

Cd Smelt = -1.59 + 
0.0008*Year 

0.15 0.12 

Lake 
Huron 

North Channel Rainbow smelt 1991-
2018 

Log(Cd Smelt) = 113.50 - 
0.058*Year 

0.58 0.003 

Lake 
Huron 

Georgian Bay Rainbow smelt 1979-
2017 

Log(Cd Smelt) = 23.84 - 
0.013*Year 

0.20 0.15 

Lake 
Huron 

Goderich Lake trout 2001-
2018 

Log(Cd trout) = 206.02 - 
0.105*Year 

0.63 0.003 

Lake 
Huron 

Goderich 
 

Rainbow smelt 1991-
2018 

Log(Cd smelt) = 102.88 - 
0.053*Year 

0.65 0.0002 

Lake 
Huron 

Goderich 
 

Deepwater 
sculpin 

1988-
2018 

Cd Sculpin = 1.04 - 
0.0005*Year 

0.16 0.21 

Lake Erie Western Erie Walleye 2009-
2016 

Cd walleye = -2.49 + 
0.001*Year 

0.36 0.12 

Lake Erie Western Erie 
 

Rainbow smelt 1978-
2014 

Cd smelt = 2.43 - 
0.0012*Year 

0.30 0.05 

Lake Erie Eastern Erie Lake trout 2006-
2014 

Log(Cd trout) = 129.68 - 
0.067*Year 

0.57 0.018 
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Lake Erie Eastern Erie 
 

Rainbow smelt 1978-
1999 

Log(Cd smelt) = -32.26 + 
0.015*Year 

0.25 0.12 

Lake Erie Eastern Erie Rainbow smelt 
 

2006-
2013 

Log(Cd smelt) = 118.56 - 
0.060*Year 

0.26 0.01 

Lake 
Ontario 

NOTL Lake trout 2006-
2018 

Log(Cd Trout) = 71.25 - 
0.038*Year 

0.21 0.13 

Lake 
Ontario 

NOTL 
 

Rainbow smelt 1978-
2018 

Log(Cd smelt) = 34.88 - 
0.019*Year 

0.26 0.007 

Lake 
Ontario 

Western 
Ontario 

Lake trout 2006-
2018 

Log(Cd Trout) = -48.05 + 
0.021*Year 

0.10 0.33 

Lake 
Ontario 

Western 
Ontario 

Rainbow smelt 1978-
2018 

Log(Cd Smelt) = 23.26 - 
0.013*Year 

0.10 0.11 

Lake 
Ontario 

Central 
Ontario 

Lake trout 2006-
2018 

Log(Cd Trout) = 36.15 - 
0.021*Year 

0.09 0.40 

Lake 
Ontario 

Central 
Ontario 

Rainbow smelt 1978-
2018 

Log(Cd Smelt) = 31.91 - 
0.018*Year 

0.24 0.02 

Lake 
Ontario 

Central 
Ontario 

Alewife 1985-
2017 

Log(Cd Alewife) = -55.61 + 
0.026*Year 

0.20 0.13 

Lake 
Ontario 

Central 
Ontario 

Slimy sculpin 1982-
2018 

Log(Cd Sculpin) = -5.17 + 
0.001*Year 

0.001 0.89 

Lake 
Ontario 

Eastern 
Ontario 

Lake trout 2006-
2015 

Log(Cd trout) = 62.10 - 
0.033*Year 

0.24 0.15 

Lake 
Ontario 

Eastern 
Ontario 

Rainbow smelt 1978-
2012 

Cd smelt = 1.28 - 
0.0006*Year 

0.56 <0.001 

Lake 
Ontario 

Eastern 
Ontario 

Slimy sculpin 1978-
2006 

Log(Cd sculpin) = 130.01 - 
0.067*Year 

0.73 <0.001 

 

Wildlife 

Table A2-4 Metadata for published cadmium concentrations used in this report. Reference number 
corresponds to references list following Table A2-6, mean type refers to calculation method based on dry 
weight (dw) or wet weight (ww) values, na – information not available, n – number of samples. 

Species Location Collection 
year(s) 

Tissue Sex Mean Cd in 
ppm 

(mean type) 

DW 
converted 

value 
(ppm) 

n Reference 
number 

Harp seal Pangnirtung, NU 1999 Liver na 24.60 
(geometric, 

dw) 

na 18 1 

Harp seal Pangnirtung, NU 1999 Kidney na 89.90 
(geometric, 

dw) 

na 18 1 

Arctic hare Yellowknife, NT 2016 Liver na 0.49 
(arithmetic, 

ww) 

1.96 10 2 

Arctic hare Yellowknife, NT 2016 Kidney na 10.80 
(arithmetic, 

ww) 

43.20 10 2 

Arctic hare Yellowknife, NT 2016 Liver na 0.20 
(arithmetic, 

ww) 

0.80 10 2 

Arctic hare Yellowknife, NT 2016 Kidney na 2.98 
(arithmetic, 

ww) 

11.92 10 2 
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Arctic hare Arctic Bay, NU na Liver na 0.58 
(arithmetic, 

ww) 

2.32 7 3 

Arctic hare Arctic Bay, NU na Kidney na 0.78 
(arithmetic, 

ww) 

3.10 3 3 

Arctic hare Arctic Bay, NU na Liver na 0.01 
(arithmetic, 

ww) 

0.04 3 3 

Arctic hare Arctic Bay, NU na Kidney na 0.02 
(arithmetic, 

ww) 

0.06 2 3 

Lesser scaup Erickson, MB 2000 Liver F 1.11 
(geometric, 

dw) 

na 20 4 

Ring-billed gull Montreal, QC 2011, 2012, 
2016 

Liver M 2.27 
(arithmetic, 

dw) 

na 45 5 

Ring-billed gull Montreal, QC 2011, 2012, 
2016 

Liver F 2.66 
(arithmetic, 

dw) 

na 42 5 

Ringed seal Sachs Harbour, NT 2007–2011 Liver na 4.31 
(arithmetic, 

ww) 

14.96 9 6 

Ringed seal Ulukhaktok, NU 2010 Liver na 6.24 
(arithmetic, 

ww) 

21.65 16 6 

Ringed seal Gjoa Haven, NU 2008–2009 Liver na 1.97 
(arithmetic, 

ww) 

6.84 9 6 

Ringed seal Resolute, NU 2007–2011 Liver na 6.91 
(arithmetic, 

ww) 

23.98 33 6 

Ringed seal Arviat, NU 2007–2011 Liver na 21.50 
(arithmetic, 

ww) 

74.61 66 6 

Ringed seal Inukjuaq, QC 2007 Liver na 13.10 
(arithmetic, 

ww) 

45.46 5 6 

Ringed seal Arctic Bay, NU 2009 Liver na 4.86 
(arithmetic, 

ww) 

16.86 9 6 

Ringed seal Grise Fjord, NU 2008 Liver na 6.76 
(arithmetic, 

ww) 

23.46 7 6 

Ringed seal Pond Inlet, NU 2009 Liver na 9.06 
(arithmetic, 

ww) 

31.44 4 6 

Ringed seal Nachvak Fjord, NL 2008–2009 Liver na 17.60 
(arithmetic, 

ww) 

61.07 19 6 

Ringed seal Anaktalak Bay, NL 2008 Liver na 14.30 
(arithmetic, 

ww) 

49.62 4 6 

Ringed seal Sachs Harbour, NT 2007–2011 Liver na 2.37 
(arithmetic, 

ww) 

8.22 31 6 

Ringed seal Ulukhaktok, NU 2010 Liver na 5.61 
(arithmetic, 

ww) 

19.47 4 6 

Ringed seal Gjoa Haven, NU 2008–2009 Liver na 3.10 
(arithmetic, 

ww) 

10.76 12 6 
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Ringed seal Resolute, NU 2007–2011 Liver na 3.89 
(arithmetic, 

ww) 

13.50 61 6 

Ringed seal Arviat, NU 2007–2011 Liver na 13.80 
(arithmetic, 

ww) 

47.89 58 6 

Ringed seal Inukjuaq, QC 2007 Liver na 13.80 
(arithmetic, 

ww) 

47.89 13 6 

Ringed seal Arctic Bay, NU 2009 Liver na 2.75 
(arithmetic, 

ww) 

9.54 9 6 

Ringed seal Grise Fjord, NU 2008 Liver na 3.25 
(arithmetic, 

ww) 

11.28 13 6 

Ringed seal Pond Inlet, NU 2009 Liver na 4.11 
(arithmetic, 

ww) 

14.26 12 6 

Ringed seal Pangnirtung, NU 2011 Liver na 7.38 
(arithmetic, 

ww) 

25.61 14 6 

Ringed seal Nachvak Fjord, NL 2008–2011 Liver na 8.64 
(arithmetic, 

ww) 

29.98 6 6 

Ringed seal Anaktalak Bay, NL 2008–2009 Liver na 2.76 
(arithmetic, 

ww) 

9.58 7 6 

Dovekie Baffin Bay, NU 1998 Liver na 5.78 
(arithmetic, 

ww) 

19.42 9 7 

Black-legged 
kittiwake 

Baffin Bay, NU 1998 Liver na 8.62 
(arithmetic, 

ww) 

28.96 10 7 

Black guillemot Baffin Bay, NU 1998 Liver na 6.82 
(arithmetic, 

ww) 

22.92 10 7 

Thick-billed murre Baffin Bay, NU 1998 Liver na 12.84 
(arithmetic, 

ww) 

43.14 10 7 

Ivory gull Baffin Bay, NU 1998 Liver na 4.95 
(arithmetic, 

ww) 

16.63 2 7 

Northern fulmar Baffin Bay, NU 1998 Liver na 21.84 
(arithmetic, 

ww) 

73.38 10 7 

Glaucous gull Baffin Bay, NU 1998 Liver na 4.80 
(arithmetic, 

ww) 

16.13 9 7 

Thayer's gull Baffin Bay, NU 1998 Liver na 1.77 (ww) 5.95 1 7 

Ringed seal Baffin Bay, NU 1998 Liver na 6.16 
(arithmetic, 

ww) 

21.38 9 7 

Ringed seal Holman, NU 2001 Liver na 6.65 
(arithmetic, 

ww) 

23.08 25 8 

Ringed seal Holman, NU 2001 Kidney na 30.44 
(arithmetic, 

ww) 

138.50 25 8 

Surf scoter Southern coast, BC 1998-2001 Kidney na 17.84 
(geometric, 

dw) 

na  72 9 

Mink Various YT 2001-2003 Kidney na 0.22 
(arithmetic, 

ww) 

0.88 39 10 
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Beaver Mackenzie River 
delta, NT 

1998-2001 Liver na 10.00 
(arithmetic, 

dw) 

na na 11 

Beaver Mackenzie River 
delta, NT 

1998-2001 Kidney na 55.00 
(arithmetic, 

dw) 

na na 11 

Beaver Slave River delta, NT 1998-2001 Liver na 6.60 
(arithmetic, 

dw) 

na na 11 

Moose Various YT 1994-2001 Kidney na 28.11 
(arithmetic, 

ww) 

85.18 384 12 

Moose Various YT 1994-1995 Liver na 4.94 
(arithmetic, 

ww) 

22.25 56 12 

Barren-ground 
caribou 

Baffin Island herd, NU 1991-2016 Kidney M 16.90 
(geometric, 

dw) 

na 16 13 

Barren-ground 
caribou 

Bathurst herd, NT, NU 1991-2016 Kidney M 10.10 
(geometric, 

dw) 

na 35 13 

Barren-ground 
caribou 

Beverly herd, NT, NU, 
SK 

1991-2016 Kidney M 27.10 
(geometric, 

dw) 

na 16 13 

Barren-ground 
caribou 

Bluenose East herd, 
NT, NU 

1991-2016 Kidney M 22.80 
(geometric, 

dw) 

na 22 13 

Barren-ground 
caribou 

Cape Bathurst herd, 
NT 

1991-2016 Kidney M 31.50 
(geometric, 

dw) 

na 11 13 

Barren-ground 
caribou 

Porcupine herd, YT, 
NT, AB 

1991-2016 Kidney M 25.90 
(geometric, 

dw) 

na 260 13 

Barren-ground 
caribou 

Qamanirjuaq herd, 
NU, MB, SK 

1991-2016 Kidney M 12.40 
(geometric, 

dw) 

na 61 13 

Barren-ground 
caribou 

Baffin Island herd, NU 1991-2016 Kidney F 20.40 
(geometric, 

dw) 

na 27 13 

Barren-ground 
caribou 

Bathurst herd, NT, NU 1991-2016 Kidney F 24.80 
(geometric, 

dw) 

na 73 13 

Barren-ground 
caribou 

Beverly herd, NT, NU, 
SK 

1991-2016 Kidney F 39.80 
(geometric, 

dw) 

na 51 13 

Barren-ground 
caribou 

Bluenose East herd, 
NT, NU 

1991-2016 Kidney F 51.80 
(geometric, 

dw) 

na 16 13 

Barren-ground 
caribou 

Porcupine herd, YT, 
NT, AB 

1991-2016 Kidney F 39.10 
(geometric, 

dw) 

na 249 13 

Barren-ground 
caribou 

Qamanirjuaq herd, 
NU, MB, SK 

1991-2016 Kidney F 21.70 
(geometric, 

dw) 

na 69 13 

Tree swallow 
nestling 

Fort McMurray, AB 2012 Liver na 0.02 
(arithmetic, 

ww) 

0.06 15 14 

Tree swallow 
nestling 

Fort McMurray, AB 2012 Liver na 0.01 
(arithmetic, 

ww) 

0.02 23 14 

Tree swallow 
nestling 

Fort McMurray, AB 2013 Liver na 0.04 
(arithmetic, 

ww) 

0.13 25 14 
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Tree swallow 
nestling 

Fort McMurray, AB 2013 Liver na 0.02 
(arithmetic, 

ww) 

0.06 27 14 

Tree swallow 
nestling 

Fort McMurray, AB 2012 Kidney na 0.02 
(arithmetic, 

ww) 

0.10 16 14 

Tree swallow 
nestling 

Fort McMurray, AB 2012 Kidney na 0.01 
(arithmetic, 

ww) 

0.03 20 14 

Tree swallow 
nestling 

Fort McMurray, AB 2013 Kidney na 0.05 
(arithmetic, 

ww) 

0.23 25 14 

Tree swallow 
nestling 

Fort McMurray, AB 2013 Kidney na 0.03 
(arithmetic, 

ww) 

0.13 28 14 

Arctic fox Arviat, NU 2001 Kidney na 1.08 
(arithmetic, 

ww) 

4.32 50 15 

Wolverine Kugluktuk, NU 1998-1999 Kidney na 0.67 
(arithmetic, 

ww) 

2.68 12 15 

Arctic fox Ulukhaqtuuq, NT 2000 Liver na 0.21 
(arithmetic, 

ww) 

0.84 6 15 

Arctic fox Arviat, NU 2001 Liver na 0.18 
(arithmetic, 

ww) 

0.72 36 15 

Wolverine Kugluktuk, NU 1998-1999 Liver na 0.10 
(arithmetic, 

ww) 

0.40 7 15 

Grey wolf Various NT 2005-2008 Kidney M 0.84 
(arithmetic, 

ww) 

3.36 17 16 

Grey wolf Various NT 2005-2008 Kidney F 0.91 
(arithmetic, 

ww) 

3.64 19 16 

Moose Various BC 2001 Liver na 2.31 
(arithmetic, 

ww) 

10.41 17 17 

Moose Various BC 2001 Kidney na 7.59 
(arithmetic, 

ww) 

23.00 6 17 

White-tailed deer Various BC 2008-2009 Liver na 0.18 
(arithmetic, 

ww) 

0.81 3 18 

Moose Various BC 2008-2009 Kidney na 14.10 
(arithmetic, 

ww) 

42.73 5 18 

Moose Various BC 2008-2009 Liver na 2.85 
(arithmetic, 

ww) 

12.84 7 18 

Moose Southern Mackenzie 
Mountains, NT 

2012-2013 Kidney na 48.30 
(arithmetic, 

ww) 

146.36 32 19 

Mountain caribou Southern Mackenzie 
Mountains, NT 

2012-2013 Kidney na 13.90 
(arithmetic, 

ww) 

42.12 26 19 

Dall's sheep Southern Mackenzie 
Mountains, NT 

2012-2013 Kidney na 2.53 
(arithmetic, 

ww) 

7.67 59 19 

Mountain goat Southern Mackenzie 
Mountains, NT 

2012-2013 Kidney na 5.78 
(arithmetic, 

ww) 

17.52 13 19 
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Common eider Table Bay, NL 2008 Liver F 39.64 
(arithmetic, 

dw) 

na 10 20 

Common eider East Bay, NU 2008 Liver F 49.63 
(arithmetic, 

dw) 

na 10 20 

Common eider Tern Island, NU 2008 Liver F 44.73 
(arithmetic, 

dw) 

na 10 20 

Ring-billed gull Qikiqtarjuaq, NU 2001 Liver na 7.30 
(geometric, 

dw) 

na 8 21 

Common eider Qikiqtarjuaq, NU 2001 Liver na 10.80 
(geometric, 

dw) 

na 8 21 

Northern fulmar Qikiqtarjuaq, NU 2001 Liver na 5.80 
(geometric, 

dw) 

na 2 21 

Glaucous gull Qikiqtarjuaq, NU 2001 Liver na 25.00 (dw) na 1 21 

Ringed seal Qikiqtarjuaq, NU 2001 Liver na 26.60 
(geometric, 

dw) 

na 2 21 

Mink Walpole I./St. Clair 
River, ON 

1998-2006 Liver na 0.21 
(arithmetic, 

dw) 

na 10 22 

Mink Lake St. Clair, ON 1998-2006 Liver na 0.23 
(arithmetic, 

dw) 

na 4 22 

Mink Detroit River, ON 1998-2006 Liver na 0.58 
(arithmetic, 

dw) 

na 13 22 

Mink Western Lake Erie, 
ON 

1998-2006 Liver na 0.25 
(arithmetic, 

dw) 

na 18 22 

Mink Long Point, ON 1998-2006 Liver na 0.09 
(arithmetic, 

dw) 

na 6 22 

Mink Eastern Lake Erie, ON 1998-2006 Liver na 0.93 
(arithmetic, 

dw) 

na 11 22 

Mink Inland Erie, ON 1998-2006 Liver na 0.48 
(arithmetic, 

dw) 

na 8 22 

Mink Niagara River, ON 1998-2006 Liver na 0.32 
(arithmetic, 

dw) 

na 14 22 

Mink Hamilton Harbour, 
ON 

1998-2006 Liver na 0.20 
(arithmetic, 

dw) 

na 6 22 

Mink Bay of Quinte, ON 1998-2006 Liver na 0.15 
(arithmetic, 

dw) 

na 8 22 

Mink Kingston, ON 1998-2006 Liver na 0.15 
(arithmetic, 

dw) 

na 5 22 

Mink Cornwall, ON 1998-2006 Liver na 0.17 
(arithmetic, 

dw) 

na 23 22 

Mink Inland Ontario, ON 1998-2006 Liver na 0.16 
(arithmetic, 

dw) 

na 8 22 

Moose Janvier, AB 2012 Kidney F 16.22 
(arithmetic, 

ww) 

49.14 13 23 
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Moose Janvier, AB 2012 Liver F 3.54 
(arithmetic, 

ww) 

15.94 13 23 

Moose Janvier, AB 2012 Kidney M 7.68 
(arithmetic, 

ww) 

23.28 13 23 

Moose Janvier, AB 2012 Liver M 1.63 
(arithmetic, 

ww) 

7.32 13 23 

Moose Kinuso, AB 2014 Kidney F 20.38 
(arithmetic, 

ww) 

61.74 4 23 

Moose Kinuso, AB 2014 Liver F 2.14 
(arithmetic, 

ww) 

9.65 3 23 

Moose Kinuso, AB 2014 Kidney M 7.14 
(arithmetic, 

ww) 

21.64 10 23 

Moose Kinuso, AB 2014 Liver M 1.59 
(arithmetic, 

ww) 

7.15 10 23 

Moose Cold Lake, AB 2016 Kidney F 3.44 
(arithmetic, 

ww) 

10.42 3 23 

Moose Cold Lake, AB 2016 Liver F 0.82 
(arithmetic, 

ww) 

3.67 3 23 

Moose Cold Lake, AB 2016 Kidney M 5.10 
(arithmetic, 

ww) 

15.45 6 23 

Moose Cold Lake, AB 2016 Liver M 0.94 
(arithmetic, 

ww) 

4.22 6 23 

Muskrat Sudbury, ON na Liver na 0.44 
(arithmetic, 

dw) 

na 23 24 

Muskrat Sudbury, ON na Kidney na 1.81 
(arithmetic, 

dw) 

na 23 24 

Muskrat North Bay, ON na Liver na 0.25 
(arithmetic, 

dw) 

na 10 24 

Muskrat North Bay, ON na Kidney na 0.88 
(arithmetic, 

dw) 

na 10 24 

Arctic hare Dubawnt River, NU 2003 Liver na 4.58 
(arithmetic, 

dw) 

na 9 25 

Arctic hare Dubawnt River, NU 2003 Kidney na 106.60 
(arithmetic, 

dw) 

na 9 25 

Arctic hare Dubawnt River, NU 2003 Liver na 0.20 
(arithmetic, 

dw) 

na 7 25 

Arctic hare Dubawnt River, NU 2003 Kidney na 1.73 
(arithmetic, 

dw) 

na 7 25 

Lesser scaup Yellowknife, NT 2004-2005 Kidney M 9.20 
(geometric, 

dw) 

na 39 26 

White-tailed deer Various NS 2000-2002 Liver na 1.10 
(geometric, 

dw) 

na 54 27 



 

182 
 

Moose Various NS 2000-2002 Liver na 5.80 
(geometric, 

dw) 

na 48 27 

Moose Various NS 2000-2002 Kidney na 60.40 
(geometric, 

dw) 

na 21 27 

Caribou Sheshatshit & 
Utshimassit, NL 

2001 Kidney na 6.50 
(geometric, 

ww) 

19.70 27 28 

Arctic tern Nasaruvaalik Island, 
NU 

2007 Liver na 14.40 
(geometric, 

dw) 

na 41 29 

Black guillemot Baffin Bay/Davis 
Strait, NU 

2018 Liver na 10.34 
(arithmetic, 

dw) 

na 28 30 

Black-legged 
kittiwake 

Baffin Bay/Davis 
Strait, NU 

2018 Liver na 16.07 
(arithmetic, 

dw) 

na 18 30 

Northern fulmar Baffin Bay/Davis 
Strait, NU 

2018 Liver na 15.13 
(arithmetic, 

dw) 

na 29 30 

Thick-billed murre Baffin Bay/Davis 
Strait, NU 

2018 Liver na 33.56 
(arithmetic, 

dw) 

na 29 30 

Ringed seal Sachs Harbour, NT 2001 Liver na 2.73 
(arithmetic, 

ww) 

9.47 25 31 

Ringed seal Holman, NU 2001 Liver na 6.07 
(arithmetic, 

ww) 

21.06 25 31 

Ringed seal Arctic Bay, NU 2000 Liver na 5.97 
(arithmetic, 

ww) 

20.72 25 31 

Ringed seal Grise Fjord, NU 1998 Liver na 6.73 
(arithmetic, 

ww) 

23.35 20 31 

Ringed seal Pond Inlet, NU 2000 Liver na 12.50 
(arithmetic, 

ww) 

43.38 25 31 

Ringed seal Sachs Harbour, NT 2001 Kidney na 11.00 
(arithmetic, 

ww) 

50.05 24 31 

Ringed seal Arctic Bay, NU 2000 Kidney na 25.10 
(arithmetic, 

ww) 

114.21 25 31 

Ringed seal Grise Fjord, NU 1998 Kidney na 22.50 
(arithmetic, 

ww) 

102.38 20 31 

Ringed seal Pond Inlet, NU 2000 Kidney na 32.20 
(arithmetic, 

ww) 

146.51 23 31 

Caribou Leaf River, QC 1994-1996 Liver na 1.18 
(arithmetic, 

ww) 

5.32 176 32 

Caribou Leaf River, QC 1994-1996 Kidney na 8.93 
(arithmetic, 

ww) 

27.06 177 32 

Caribou Leaf River, QC 1994-1996 Liver na 1.16 
(arithmetic, 

ww) 

5.23 84 32 

Caribou Leaf River, QC 1994-1996 Kidney na 6.73 
(arithmetic, 

ww) 

20.39 86 32 
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Caribou George River-Torngat 
Mountains, QC 

1994-1996 Liver na 0.94 
(arithmetic, 

ww) 

4.23 28 32 

Caribou George River-Torngat 
Mountains, QC 

1994-1996 Kidney na 5.23 
(arithmetic, 

ww) 

15.85 27 32 

Caribou George River-Torngat 
Mountains, QC 

1994-1996 Liver na 0.84 
(arithmetic, 

ww) 

3.78 19 32 

Caribou George River-Torngat 
Mountains, QC 

1994-1996 Kidney na 3.93 
(arithmetic, 

ww) 

11.91 19 32 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Kidney M 152.10 
(arithmetic, 

dw) 

na 8 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Kidney F 123.20 
(arithmetic, 

dw) 

na 14 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Kidney na 133.70 
(arithmetic, 

dw) 

na 22 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Kidney M 213.90 
(arithmetic, 

dw) 

na 12 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Kidney F 225.80 
(arithmetic, 

dw) 

na 13 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Kidney na 220.10 
(arithmetic, 

dw) 

na 25 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Liver M 19.10 
(arithmetic, 

dw) 

na 8 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Liver F 20.50 
(arithmetic, 

dw) 

na 14 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Liver na 20.00 
(arithmetic, 

dw) 

na 22 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Liver M 32.70 
(arithmetic, 

dw) 

na 12 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Liver F 29.20 
(arithmetic, 

dw) 

na 13 33 

Willow ptarmigan Kuujjuaq, QC 1997-1998 Liver na 30.90 
(arithmetic, 

dw) 

na 25 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Kidney M 25.60 
(arithmetic, 

dw) 

na 9 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Kidney F 34.40 
(arithmetic, 

dw) 

na 8 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Kidney na 29.70 
(arithmetic, 

dw) 

na 17 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Kidney M 58.80 
(arithmetic, 

dw) 

na 8 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Kidney F 120.00 
(arithmetic, 

dw) 

na 8 33 
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Rock ptarmigan Kuujjuaq, QC 1997-1998 Kidney na 89.40 
(arithmetic, 

dw) 

na 16 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Liver M 5.58 
(arithmetic, 

dw) 

na 9 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Liver F 4.10 
(arithmetic, 

dw) 

na 8 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Liver na 4.90 
(arithmetic, 

dw) 

na 17 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Liver M 7.90 
(arithmetic, 

dw) 

na 8 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Liver F 9.20 
(arithmetic, 

dw) 

na 8 33 

Rock ptarmigan Kuujjuaq, QC 1997-1998 Liver na 8.50 
(arithmetic, 

dw) 

na 16 33 

Deer mouse Athabasca, AB 2014 Kidney na 0.08 
(geometric, 

ww) 

0.30 17 34 

Deer mouse Athabasca, AB 2014 Kidney na 0.04 
(geometric, 

ww) 

0.15 10 34 

Meadow vole Athabasca, AB 2014 Kidney na 0.10 
(geometric, 

ww) 

0.38 4 34 

Meadow vole Athabasca, AB 2014 Kidney na 0.03 
(geometric, 

ww) 

0.13 9 34 

Polar bear Beaufort Sea, NT/YT 2007 Liver na 0.59 
(geometric, 

ww) 

1.87 38 35 

Polar bear Lancanster/Jones 
Sound, NU 

2007-2008 Liver na 0.49 
(geometric, 

ww) 

1.54 13 35 

Polar bear Baffin Bay, NU 2007-2008 Liver na 0.91 
(geometric, 

ww) 

2.87 14 35 

Polar bear Davis Strait, NU 2008 Liver na 0.82 
(geometric, 

ww) 

2.60 8 35 

Polar bear East Baffin Is, NU 2002 Liver na 0.62 
(arithmetic, 

ww) 

1.97 13 36 

Polar bear Lancaster Sound, NU 2002 Liver na 0.87 
(arithmetic, 

ww) 

2.76 13 36 

Polar bear Northern Baffin Is, NU 2002 Liver na 1.02 
(arithmetic, 

ww) 

3.23 12 36 

Polar bear Southeast Beaufort 
Sea, NT 

2002 Liver na 0.35 
(arithmetic, 

ww) 

1.11 11 36 

Common loon Long Point, ON 2005 Liver F 3.11 
(geometric, 

dw) 

na 18 37 

Common loon Long Point, ON 2005 Liver F 1.36 
(geometric, 

dw) 

na 11 37 
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Common loon Long Point, ON 2005 Liver M 1.07 
(geometric, 

dw) 

na 18 37 

Common loon Long Point, ON 2005 Liver M 0.94 
(geometric, 

dw) 

na 6 37 

Beaver Simcoe County, ON 2014, 2017, 
2018 

Liver na 2.90 
(arithmetic, 

dw) 

na 5 38 

Beaver Simcoe County, ON 2014, 2017, 
2018 

Kidney na 13.30 
(arithmetic, 

dw) 

na 5 38 

Moose Wollaston, SK 1995-2002 Liver na 0.62 
(geometric, 

ww) 

2.80 9 39 

Moose Hudson Bay, SK 1995-2002 Liver na 1.00 
(geometric, 

ww) 

4.52 9 39 

Moose Meadow Lake, SK 1995-2002 Liver na 0.91 
(geometric, 

ww) 

4.08 21 39 

Harbour seal Sandy Island, NL 2001 Liver na 0.15 
(arithmetic, 

ww) 

0.51 6 40 

Harbour seal Burgeo/Rose 
Blanche, NL 

2001 Liver na 0.18 
(arithmetic, 

ww) 

0.62 3 40 

Harbour seal Placentia Bay, NL 2001 Liver na 9.60 
(arithmetic, 

ww) 

33.29 27 40 

Harbour seal Chance 
Cove/Renews, NL 

2001 Liver na 1.60 
(arithmetic, 

ww) 

5.57 5 40 

Harbour seal St. Pauls, NL 2001 Liver na 0.63 
(arithmetic, 

ww) 

2.18 25 40 

Harbour seal Sandy Island, NL 2001 Kidney na 0.34 
(arithmetic, 

ww) 

1.55 6 40 

Harbour seal Burgeo/Rose 
Blanche, NL 

2001 Kidney na 0.25 
(arithmetic, 

ww) 

1.14 3 40 

Harbour seal Placentia Bay, NL 2001 Kidney na 20.25 
(arithmetic, 

ww) 

92.15 27 40 

Harbour seal Chance 
Cove/Renews, NL 

2001 Kidney na 6.82 
(arithmetic, 

ww) 

31.01 5 40 

Harbour seal St. Pauls, NL 2001 Kidney na 1.56 
(arithmetic, 

ww) 

7.11 25 40 

Greater scaup Hamilton Harbour, 
ON 

2006-2007 Liver na 3.38 
(arithmetic, 

dw) 

na na 41 

Greater scaup Hamilton Harbour, 
ON 

2006-2007 Liver na 1.25 
(arithmetic, 

dw) 

na na 41 

 

  



 

186 
 

Table A2-5. Metadata for unpublished cadmium concentrations used in this report (arithmetic mean (dry 
weight unless noted as wet weight (ww)), na – information not available, n – number of samples) 

Species Location Collection 
year(s) 

Tissue Sex Mean 
Cd 

(ppm) 

DW 
converted 

value 
(ppm) 

n Source 

Common eider Chisasibi, QC 2017 Liver na 33.27 na 3 Chételat, J. (ECCC) 

Common eider Inukjuak, QC 2016 Liver na 16.52 na 4 Chételat, J. (ECCC) 

Common eider Kuujjuaraapik, QC 2014-2016 Liver na 7.01 na 24 Chételat, J. (ECCC) 

Common eider Sanikiluaq, NU 2015-2016 Liver na 17.26 na 16 Chételat, J. (ECCC) 

Common eider Umiujaq, QC 2015-2016 Liver na 17.98 na 16 Chételat, J. (ECCC) 

Surf scoter Northern Labrador, NL 2005 Liver na 2.47 na 11 Eng, M., Burgess, N. 
(ECCC) 

Surf scoter Northern Labrador, NL 2005 Liver na 1.18 na 9 Eng, M., Burgess, N. 
(ECCC) 

Surf scoter Northern Labrador, NL 2005 Liver na 1.89 na 20 Eng, M., Burgess, N. 
(ECCC) 

Common tern Belledune, NB 2010 Liver na 1.86 na 7 Eng, M., Burgess, N. 
(ECCC) 

Northern fulmar Sable Island, NS 2005 Liver na 27.03 na 14 Eng, M., Burgess, N. 
(ECCC) 

Northern fulmar Sable Island, NS 2005 Liver na 20.98 na 21 Eng, M., Burgess, N. 
(ECCC) 

Northern fulmar Sable Island, NS 2005 Liver na 23.19 na 36 Eng, M., Burgess, N. 
(ECCC) 

Common loon Eastern Canada, NB, 
NS, PEI 

1998-2001 Liver na 6.66 na 39 Eng, M., Burgess, N. 
(ECCC) 

Black scoter Restigouche River, NB 2004 Liver M 4.79 na 11 Eng, M., Burgess, N. 
(ECCC) 

Oldsquaw Eastern Canada, NL, NS 1999-2000 Liver na 2.77 na 32 Eng, M., Burgess, N. 
(ECCC) 

Common eider Eastern Canada, NB, 
NL, NS 

1998-2000 Liver na 5.56 na 52 Eng, M., Burgess, N. 
(ECCC) 

Black scoter Various NS 1999-2000 Liver na 1.80 na 17 Eng, M., Burgess, N. 
(ECCC) 

Surf scoter Various NS 1999-2000 Liver na 0.91 na 21 Eng, M., Burgess, N. 
(ECCC) 

White-winged 
scoter 

Various NS 1999 Liver na 2.73 na 9 Eng, M., Burgess, N. 
(ECCC) 

Common 
goldeneye 

Pictou Harbour, NS 1999-2000 Liver na 4.00 na 10 Eng, M., Burgess, N. 
(ECCC) 

Common eider Sanikiluaq, NU 1997 Kidney F 91.56 na 10 Gurney, K., Wayland, 
M. (ECCC) 

Common eider Sanikiluaq, NU 1997 Liver F 18.54 na 10 Gurney, K., Wayland, 
M. (ECCC) 

Common eider Southampton Is., NU 1997-2000 Kidney na 139.98 na 73 Gurney, K., Wayland, 
M. (ECCC) 

Common eider Southampton Is., NU 1997-2000 Liver na 11.05 na 13 Gurney, K., Wayland, 
M. (ECCC) 

Common eider Ulukhaktok, NU 1997 Kidney F 121.38 na 10 Gurney, K., Wayland, 
M. (ECCC) 

Common eider Ulukhaktok, NU 1997 Liver F 16.51 na 10 Gurney, K., Wayland, 
M. (ECCC) 

King eider Ulukhaktok, NU 1997 Kidney F 125.34 na 10 Gurney, K., Wayland, 
M. (ECCC) 

King eider Ulukhaktok, NU 1997 Liver F 24.71 na 10 Gurney, K., Wayland, 
M. (ECCC) 

King eider Southampton Is., NU 1997 Kidney na 165.30 na 10 Gurney, K., Wayland, 
M. (ECCC) 
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King eider Southampton Is., NU 1997 Liver na 30.84 na 10 Gurney, K., Wayland, 
M. (ECCC) 

Polar bear West Hudson Bay, MB, 
NU 

2012, 2016 Liver na 3.59 na 21 Letcher, R. (ECCC) 

Polar bear South Hudson Bay, NU 2013, 2017 Liver na 2.39 na 33 Letcher, R. (ECCC) 

Beluga Hendrickson Island, NT 1994-1996, 
2001-2003 

Liver na 2.42 
(ww) 

8.66 132 Loseto, L. (DFO) 

Beluga Hendrickson Island, NT 1994-1996, 
2001 

Kidney na 9.81 
(ww) 

41.30 90 Loseto, L. (DFO) 

Fisher Northern AB 2012-2015 Liver na 0.43 na 63 Thomas, P. (ECCC) 

Marten Northern AB 2012-2015 Liver na 1.11 na 120 Thomas, P. (ECCC) 

Mink Northern AB 2012-2018 Liver na 0.19 na 67 Thomas, P. (ECCC) 

Muskrat Northern AB 2013-2017 Liver na 0.10 na 32 Thomas, P. (ECCC) 

Otter Northern AB 2012-2018 Liver na 0.05 na 157 Thomas, P. (ECCC) 
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Table A2-6. Wet weight (WW) to dry weight (DW) conversion factors for tissues included in this report. 

Animal type Tissue  Conversion Factor Reference 

Seabirds Liver 3.36 Dietz et al., 1996 a 

Seabirds Kidney 4.02 Dietz et al., 1996 a 

Seals Liver 3.47 Dietz et al., 1996 a 

Seals Kidney 4.55 Dietz et al., 1996 a 

Whales Liver 3.57 Dietz et al., 1996 a 

Whales Kidney 4.21 Dietz et al., 1996 a 

Polar Bear Liver 3.17 Dietz et al., 1996 a 

Terrestrial mammals excluding 
ungulates 

Liver 4.00 Eccles et al., 2017 b 

Terrestrial mammals excluding 
ungulates 

Kidney 4.00 Eccles et al., 2017 b 

Ungulates Liver 4.50 Gamberg et al., 2016 c 

Ungulates Kidney 3.03 Gamberg et al., 2016 c 

Terrestrial birds Liver 3.06 Scanlon, P.F., 1982 d 

Terrestrial birds Kidney 4.27 Scanlon, P.F., 1982 d 

 
a Dietz, R., Riget, F. and Johansen, P. (1996). Lead, cadmium, mercury and selenium in Greenland marine animals. Science of the Total 
Environment, 186(1-2), 67-93. 

b Eccles, K. M., Thomas, P. J. and Chan, H. M. (2017). Predictive meta‑regressions relating mercury tissue concentrations of freshwater 
piscivorous mammals. Environmental toxicology and chemistry, 36(9), 2377-2384. 

c Gamberg, M., Cuyler, C. and Wang, X. (2016). Contaminants in two West Greenland caribou populations. Science of the Total 
Environment, 554, 329-336. 

d Scanlon, P. F. (1982). Wet and dry weight relationships of mallard (Anas platyrhynchos) tissues. Bulletin of environmental contamination 
and toxicology, 29(5), 615-617. 
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Annex 3 – Federal risk management initiatives relevant to the 
evaluation  

Base Metals Smelting  
Code of Practice for Base Metal Smelters and Refineries 

Description: Describes operational activities and associated environmental concerns of the base 
metals smelting sector. It issues recommendations to improve environmental performance, 
including the development and implementation of environmental management systems and the 
prevention and control of atmospheric emissions, wastewater effluents, and wastes. These 
recommended practices may be used as requirements for new facilities and as goals for continual 
improvements for existing facilities. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Yes 

Rationale for inclusion: According to PSL Assessment, NPRI and APEI, base metals smelting is a 
major contributor to cadmium releases;  Code of Practice linked to SOP issue table for base metals 
smelting. 

Targets/objective achieved: None set 

Applies to primary release pathway: Yes 

Comments/additional information: No reporting requirements are in place under the Code of 
Practice, but reports from most facilities have been collected since 2006 under the P2 Notice. 

Between 2006 and 2018, the 11 base metals smelting facilities fully implemented more than 80% of 
applicable recommendations. In 2021, reports submitted as part of the Performance Agreements 
indicate that, on average, all facilities fully implemented 95% of applicable recommendations, 
including three facilities that implemented 100% of their applicable recommendations. 

Pollution Prevention Plan for Base Metal Smelters and Refineries and Zinc Plants 

Description: Base metals smelters and refineries and zinc plants must prepare and implement 
Pollution Prevention Plans for specified toxic substances. The objective was to avoid or minimize the 
creation and release of pollutants and waste and to reduce the overall risk to the environment or 
human health. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Yes 

Rationale for inclusion: According to PSL Assessment, NPRI and APEI, base metals smelting is a 
major contributor to cadmium releases; Code of Practice linked to SOP issue table for base metals 
smelting. 

Targets/objective achieved: Yes  

Applies to primary release pathway: Yes 
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Comments/additional information: From 2005 to 2018, there was an 89% decrease (28 tonnes) in 
cadmium emissions and an overall metals reduction of 93% since 1988, exceeding the 
recommendations set out in the Strategic Options Report. The final performance report of the P2 
Notice indicated that total emissions of metals were reduced by 7 facilities but two facilities 
increased their total metal emissions when compared to 2005 levels. 

Performance Agreement for Base Metals Smelters and Refineries 

Description: The agreements have been negotiated between Environment and Climate Change 
Canada (ECCC) and 5 base metal smelting and refining companies, operating 11 facilities in total. 
Among other commitments, the participating companies agreed to further reducing emissions of 
metals and particulate matter and continue implementing the applicable recommendations in the 
Environmental Code of Practice for Base Metals Smelters and Refineries. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Unknown 

Rationale for inclusion: According to PSL Assessment, NPRI and APEI, base metals smelting is a 
major contributor to cadmium releases; linked to SOP issue table for base metals smelting 

Targets/objective achieved: In progress 

Applies to primary release pathway: Yes 

Comments/additional information: Reports showed that the eight facilities with a due date of 
January 5, 2018, met their particulate matter intensity targets. Annual reports for the 2019 calendar 
year showed all 11 facilities met their targets. The 2018 Performance Agreements are still being 
implemented. Progress towards reducing emissions, including metals such as cadmium, will be 
evaluated upon their completion in 2025. 

Iron & Steel Manufacturing 
Environmental Code of Practice for Integrated Steel Mills 

Description: This Code of Practice recommends best practices to control and minimize the releases 
of certain toxic substances from integrated steel mills. It also recommends air emission limits and 
effluent quality guidelines. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: No 

Rationale for inclusion: Linked to SOP for steel manufacturing; targets PM and sets a guideline for 
cadmium in effluent. 

Targets/objective achieved: None set 

Applies to primary release pathway: Yes 

Comments/additional information: No reporting requirements are in place under the Code of 
Practice. Release inventory data suggest no change in cadmium releases from this sector. 
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Environmental Code of Practice for Non-Integrated Steel Mills 

Description: The Code identifies good environmental protection practices for various production 
processes and operations of a non-integrated steel plant, with air emission and water effluent 
considerations as the highest priorities. It also includes multimedia and other considerations 
consistent with a comprehensive and life cycle approach to environmental protection. The overall 
objective of the Code is to identify minimum environmental performance standards for new non-
integrated steel mills and to provide a set of environmental performance goals for existing mills to 
achieve through continual improvement over time. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: No 

Rationale for inclusion: Linked to SOP for steel manufacturing; targets PM and sets a guideline for 
cadmium in effluent. 

Targets/objective achieved: None set 

Applies to primary release pathway: Yes 

Comments/additional information: No reporting requirements are in place under the Code of 
Practice. Release inventory data suggest no change in cadmium releases from this sector. 

Iron, Steel, and Ilmenite Sector: Code of Practice 

Description: This Code of Practice recommends best practices to control and limit fugitive air 
emissions of total particulate matter and volatile organic compounds from facilities in the iron, steel, 
and ilmenite sectors. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: No 

Rationale for inclusion: Linked to SOP for steel manufacturing; targets PM from a sector that emits 
cadmium to the air. 

Targets/objective achieved: None set 

Applies to primary release pathway: Yes 

Comments/additional information: No reporting requirements are in place under the Code of 
Practice. Release inventory data suggest no change in cadmium releases from this industry. 

Iron, Steel, and Ilmenite Sector: P2 Notice 

Description: Achieve and maintain the BLIERs air emission targets and implement best practices to 
reduce fugitive volatile organic compounds emissions, where appropriate and practicable. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Unlikely 

Rationale for inclusion: While PM isn't targeted explicitly in the P2 Notice, the Code of Practice is a 
factor to consider in developing a P2 plan. One of the facilities mentioned in the Notice is among the 
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top 20 cadmium emitters (median of releases to air) according to NPRI since 2004. The iron and steel 
sector is consistently in the top 8 sectors for cadmium emissions since 2002.  

Targets/objective achieved: In progress 

Applies to primary release pathway: Yes 

Comments/additional information: Preliminary results of the progress report expected to be 
available in 2022. Release inventory data suggest no change in cadmium releases from this industry. 

Mining and minerals processing  
Metal and Diamond Mining Effluent Regulations (Fisheries Act) 

Description: The MDMER authorize the deposit of effluent into fish-frequented waters. All effluent 
must meet the concentration-based limits for arsenic, copper, cyanide, lead, nickel, zinc, 
suspended solids, radium 226, and un-ionized ammonia. The effluent must also have a pH that is 
between a minimum and maximum level, and it must not be acutely lethal. The MDMER specify 
various requirements such as carrying out effluent sampling, reporting and environmental effects 
monitoring. 

Applies to a sector of concern: No 

Contributes to reducing releases/levels in the environment: Unknown 

Rationale for inclusion: Mining accounts for the third-highest sector for cadmium releases to water 
(after wastewater and pulp and paper) according to NPRI. Non-metal mining cadmium release rates 
reported to the NPRI are minimal. 

Targets/objective achieved: In progress 

Applies to primary release pathway: No 

Comments/additional information: MDMER does not set limits for cadmium releases but does 
control toxicity via acute lethality tests and cadmium concentrations are recorded in effluent 
characterization reports. Uncertainty about NPRI data on mining is because integrated 
mining/processing facilities can change their reporting codes from year to year. 

Environmental Code of Practice for Metal Mines 

Description: Describes operational activities and associated environmental concerns of the metal 
mining sector. The document applies to the complete life cycle of mining, from exploration to mine 
closure, and environmental management practices are recommended to mitigate identified 
environmental concerns.  The recommended practices in the Code include the development and 
implementation of environmental management tools, the management of wastewater and mining 
wastes, and the prevention and control of environmental releases to air, water and land. 

Applies to a sector of concern: No 

Contributes to reducing releases/levels in the environment: No 

Rationale for inclusion: According to NPRI, mining accounts for the second highest sector for overall 
releases of cadmium since 2002 (not including disposals). In 2017 it was the second highest sector 
for releases to air and land and third highest for water 
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Targets/objective achieved: None set 

Applies to primary release pathway: Yes 

Comments/additional information: No reporting requirements are in place under the Code of 
Practice. Uncertainty about NPRI data on mining is because integrated mining/processing facilities 
can change their reporting codes from year to year. 

Cement  
CCME National Guidelines for the Use of Hazardous and Non-hazardous Wastes as 
Supplementary Fuels in Cement Kilns 

Description: Specifies metal emission guidelines for Class III Metals (mercury, cadmium, and 
thallium) of 0.15 mg/m3. 

Applies to a sector of concern: No 

Contributes to reducing releases/levels in the environment: No 

Rationale for inclusion: Sets emission guidelines for metals, including cadmium. 

Targets/objective achieved: None set 

Applies to primary release pathway: Yes 

Comments/additional information: No reporting requirements are in place under voluntary 
guidelines. Cadmium emissions have declined from this sector over time, although this is likely 
related to other efforts to reduce emissions of nitrous oxides and greenhouse gases and are not 
related to the guidelines. 

Pulp and Paper 
Pulp and Paper Effluent Regulations 

Description: The Pulp and Paper Effluent Regulations (the regulations) were developed under the 
Fisheries Act in 1971 to govern the discharge of deleterious substances into waters frequented by 
fish. The regulations were designed to encourage mills to modify their processes in order to improve 
water quality and protect fish, fish habitat and the use of fisheries resources. They set limits on the 
amounts of total suspended solids and biochemical oxygen demanding matter, and prohibit 
deposits of acutely lethal effluent. 

Applies to a sector of concern: No 

Contributes to reducing releases/levels in the environment: Unknown 

Rationale for inclusion: Pulp and paper sector is a significant contributor to cadmium releases to 
water according to NPRI (second largest after wastewater). PAWPIT estimates for 
NRKW/SRKW/Chinook spatial extent indicate the second largest sources of cadmium releases are 
pulp and paper effluent and surface runoff. 

Targets/objective achieved: No 

Applies to primary release pathway: Yes 



 

 
197 

 

Comments/additional information: The regulations have been effective at reducing acute toxicity of 
effluent but have not been fully successful in mitigating the sublethal toxicity of effluent or receiving 
environment impacts. Proposed measures to require characterization and water quality monitoring 
studies will be important to informing risk management for the sector and contribute to future 
performance measurement evaluations for a number of substances, including cadmium. 

Electric Power Generation 
New Source Emission Guidelines for Thermal Electricity Generation 

Description: Set emission limit targets for new fossil fuel-fired electricity generating units. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: No 

Rationale for inclusion: Linked to SOP issue table on electricity generation; coal combustion is a 
contributor to cadmium emissions as cadmium is present in PM. 

Targets/objective achieved: Unknown 

Applies to primary release pathway: Yes 

Comments/additional information: No reporting requirements are in place under voluntary 
guidelines. No observed reduction in cadmium releases from the sector following the introduction 
of the guidelines. 

Reduction of Carbon Dioxide Emissions from Coal-fired Generation of Electricity Regulations 

Description: These regulations set a stringent performance standard for new coal-fired electricity 
generation units and those that have reached the end of their useful life. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Yes 

Rationale for inclusion: Linked to SOP issue table on electricity generation; coal combustion is a 
contributor to cadmium emissions as cadmium is present in PM. 

Targets/objective achieved: In progress 

Applies to primary release pathway: Yes 

Comments/additional information: More data are needed to evaluate the success of these 
regulations. Emissions from this sector will continue to be monitored through reporting required 
under the National Pollutant Release Inventory, and the Air Pollutants Emissions Inventory will be 
kept updated for coal-fired electric power generation until this activity is phased out in Canada. Early 
data suggest that reductions in cadmium emissions from coal-fired electricity generating facilities 
have been realized since 2012. 

Waste 
CCME National Guidelines for Hazardous Waste Landfills 
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Description: The guidelines are intended to provide a reference on the basic design, operating, and 
performance requirements for use by the various federal, provincial, and territorial regulatory 
agencies and designers, owners, and operators of engineered hazardous waste landfill facilities in 
Canada. They do not set thresholds for concentrations of contaminants in waste or in leachate, 
rather they recommend performance criteria for regulating authorities to consider in municipal or 
provincial permitting and reporting programmes. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Yes 

Rationale for inclusion: Waste is a source of concern in PSL Assessment. 

Targets/objective achieved: None set 

Applies to primary release pathway: Yes 

Comments/additional information: No reporting requirements are in place under voluntary 
guidelines. According to NPRI data, since 2006, there has been more cadmium waste disposed of in 
hazardous waste landfills and/or transferred offsite for treatment prior to final disposal, but reported 
releases to the environment have remained stable or decreased slightly. 

Export and Import of Hazardous Wastes and Hazardous Recyclable Materials Regulations 

Description: These regulations under CEPA control the cross-border movement of hazardous waste 
and hazardous recyclable materials. These regulations help ensure that hazardous wastes and 
hazardous recyclable materials crossing international borders are characterized and managed 
properly in accordance with international law. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Unknown 

Rationale for inclusion: Waste is a source of concern in PSL Assessment; cadmium is considered 
hazardous under the regulations. It can be found in schedule 6, (Hazardous Constituents Controlled 
Under Leachate Test and Regulated Limits) of these regulations (Item 12); regulations will help to 
inform on management of cadmium waste. 

Targets/objective achieved: None set 

Applies to the primary release pathway: No 

Comments/additional information: Repealed by Cross-border Movement of Hazardous Waste and 
Hazardous Recyclable Materials Regulations. 

Interprovincial Movement of Hazardous Waste Regulations 

Description: These regulations apply to the movement of hazardous waste and hazardous recyclable 
materials that are transported in Canada across a provincial or territorial border. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Unknown 
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Rationale for inclusion: Waste is a source of concern in PSL Assessment. Cadmium is considered 
hazardous under the regulations. Regulations will help to inform on management of cadmium waste. 

Targets/objective achieved: None set 

Applies to the primary release pathway: No 

Comments/additional information: Repealed by Cross-border Movement of Hazardous Waste and 
Hazardous Recyclable Materials Regulations. 

Cross-border Movement of Hazardous Waste and Hazardous Recyclable Materials Regulations 

Description: These regulations aim to ensure that shipments of hazardous waste and hazardous 
recyclable material crossing Canada's international and interprovincial or territorial borders reach 
the intended destination to reduce releases of contaminants to the environment in Canada and 
abroad. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Unknown 

Rationale for inclusion: Waste is a source of concern in PSL Assessment. Cadmium is considered 
hazardous under the regulations. Regulations will help to inform on management of cadmium waste. 

Targets/objective achieved: In progress 

Applies to the primary release pathway: No 

Comments/additional information:  None 

Canada-wide Approach for the Management of Wastewater Biosolids 

Description: The Approach outlines the beneficial use and sound management of municipal 
biosolids, municipal sludge, and treated septage as valuable sources of nutrients, organic matter, 
and energy. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Yes 

Rationale for inclusion: Land application of sewage sludge identified as a source of concern in PSL 
Assessment. 

Targets/objective achieved: None set 

Applies to the primary release pathway: Yes 

Comments/additional information: No reporting requirements are in place under voluntary 
guidelines. 

Fertilizers Act and Regulations 

Description: All fertilizers or supplements (non-nutrient soil amendments) sold in or imported into 
Canada are regulated under the Fertilizers Act (FzA) and Regulations (FzR) administered by the 
Canadian Food Inspection Agency (CFIA). Pursuant to the FzA all regulated products must be safe 
with respect to human, plant, animal health and the environment, efficacious for the intended 
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purpose and properly labelled to avoid misrepresentation and fraud in the marketplace. Therefore, 
if biosolids are sold or imported as a fertilizer or supplement, the product must meet prescribed 
safety, efficacy and labeling standards. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Yes 

Rationale for inclusion: Land application of sewage sludge identified as a source of concern in PSL 
Assessment. 

Targets/objective achieved: In progress 

Applies to the primary release pathway: Yes 

Comments/additional information: Administered by CFIA and is therefore out of the scope of 
ECCC’s risk management approach. It is important to note that production, use (including land 
application), disposal, or non-sale distribution (for example, given away) of fertilizers and 
supplements, including biosolids products, do not fall under the purview of the FzA. The CFIA only 
regulates the actual sale or import. The 2013 evaluation of the fertilizers program reported an 
average of 77% compliance with the metals and lesser nutrient content of fertilizers inspected 
between 2009 and 2012. It is too early to report on progress made following 2020 amendments. 

Industrial releases from multiple sectors 
Accelerated Reduction / Elimination of Toxics (ARET) Program 

Description: In 1994, the ARET program challenged selected Canadian companies, institutions, 
government departments, and agencies to voluntarily reduce or eliminate their emissions of ARET 
substances by the year 2000. Participants were asked to choose a base year after 1987 from which 
they would make their reductions, and to outline their commitments in a publicly accessible action 
plan. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: No 

Rationale for inclusion: Cadmium was one of the substances targeted and reported on by the 
program; considered in SOP issue table report and recommendations for electric power generation. 

Targets/objective achieved: Yes 

Applies to the primary release pathway: Yes 

Comments/additional information: Independent evaluations of the program showed limited 
success given reductions were mostly achieved before 1994. 

Multi-pollutant Emission Reduction Strategies 

Description: Ministers of the Environment agreed to a list of actions aimed at reducing pollutant 
emissions contributing to particulate matter and ozone. The actions included the development of 
comprehensive multi-pollutant emission reduction strategies (MERS) for key industrial sectors. This 
approach was taken in an effort to pursue integrated solutions to the problems of smog, acid rain, 
toxic release and climate change. 
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Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Unknown 

Rationale for inclusion: Several of the sectors identified for the development of a MERS are also 
sectors of concern for cadmium releases to air, including electric power generation, base metals 
smelting, and iron and steel. 

Targets/objective achieved: Unknown 

Applies to the primary release pathway: Yes 

Comments/additional information: None 

Base Level Industrial Emissions Requirements 

Description: Ministers of the Environment agreed that all significant industrial sources in Canada 
should meet a good base level of performance. Base-level Industrial Emissions Requirements 
(BLIERs) were developed with this principle in mind. BLIERs are quantitative or qualitative emissions 
requirements proposed for new and existing major industrial sectors and some equipment types. 
BLIERs are focused on nitrogen oxides (NOx), sulfur dioxide (SO2), volatile organic compounds 
(VOCs), and particulate matter (PM). They are not designed to be the sole instrument used to improve 
air quality but to support existing policy frameworks at federal and provincial or territorial levels. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Unknown 

Rationale for inclusion: Cadmium may be a component of particulate matter released from some 
industrial sources. The sectors with BLIERs that are relevant to cadmium risk management based on 
the PSL Assessment or on the quantity of cadmium releases to air reported to NPRI and estimates 
by APEI are: base metal smelting, cement, and iron, steel, and ilmenite. 

Targets/objective achieved: Partially 

Applies to the primary release pathway: Yes 

Comments/additional information: Performance measurement is ongoing. 

Agreements 
Canada Ontario Water Quality Agreement 

Description: An agreement between the governments of Canada and Ontario to promote a healthy, 
prosperous, and sustainable Great Lakes Basin ecosystem for current and future generations. COA 
1994 identified a group of chemicals in the Great Lakes Basin that were of concern and outlined 
actions to reduce and prevent releases. 

Applies to a sector of concern: Yes 

Contributes to reducing releases/levels in the environment: Yes 

Rationale for inclusion: Considered in policy context of SOP issue tables; cadmium was identified 
as a substance of concern in the agreement; Performance measurement has been completed on the 
agreement and includes progress made on cadmium in the Great Lakes Basin. 
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Targets/objective achieved: In progress 

Applies to the primary release pathway: Yes 

Comments/additional information: Cadmium concentrations had decreased but continued to 
exceed the water quality and sediment guidelines set by the CCME and the Province of Ontario. 
Concentrations in fish were below provincial consumption guidelines. Cadmium concentrations in 
the air in the Great Lakes Basin were also examined and found to be lower than the Ontario Ambient 
Air Criterion. Remediation activities were implemented under the Canada-Ontario Agreement that 
serves to manage and clean up contamination from cadmium and other chemicals at Areas of 
Concern and as components of Lakewide Action and Management Plans. 

UNECE Convention on Long Range Transboundary Air Pollutants – Heavy Metals Protocol 

Description: The Executive Body adopted the Protocol on Heavy Metals in Aarhus (Denmark) on 24 
June 1998. It targets three particularly harmful metals: cadmium, lead, and mercury. Parties are to 
reduce their emissions for these three metals below their levels in 1990 (or an alternative year 
between 1985 and 1995). The Protocol aims to cut emissions from industrial sources (iron and steel 
industry, non-ferrous metal industry), combustion processes (power generation, road transport), 
and waste incineration. 

Applies to a sector of concern: No 

Contributes to reducing releases/levels in the environment: Yes 

Rationale for inclusion: The Heavy Metals Protocol was adopted after the 1994 Assessment, and 
many of the Strategic Options Process issue tables; however, the potential adoption was considered 
in the policy context for the issue tables. Cadmium is one of 3 metals targeted in the agreement; 
evidence from source apportionment indicates that cadmium is entering Canada through 
transportation of airborne particulate matter originating in the US (also a Party to the agreement). 

Targets/objective achieved: In progress 

Applies to the primary release pathway: Yes 

Comments/additional information: Canada met its commitments to reduce emissions of heavy 
metals in 2008. Globally, efforts are ongoing to reduce emissions of these metals in developing 
countries and countries with economies in transition. 


